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a b s t r a c t

Postharvest losses along food supply chains have far reaching consequences for the environment and
affect the social and economic conditions of food supply chain participants, especially of those in
developing countries. This paper explores the structural inefficiencies that lead to postharvest losses and
analyses how innovative collaboration could lead to more sustainable food supply chains (FSCs) by
reducing those inefficiencies. Innovative collaboration is defined as the improvement or creation of inter-
organizational relationships through which FSC participants can exchange information, align incentives,
engage in effective partnerships and improve their use of technology. This research distinguishes two
research questions: First, how do FSC participants interact and which structural inefficiencies leading to
postharvest losses can be identified in global food supply chains? And second, what are the main drivers
and barriers of FSC participants to engage in innovative collaboration to reduce postharvest losses within
global food supply chains? Two case studies explore the supply chain of avocados, especially due to their
high susceptibility to postharvest losses, and focus on avocados fromMexico and Colombia imported into
the Netherlands. Data was collected through semi-structured interviews with avocado importers, pro-
ducers/exporters, packers and growers' associations, governmental organizations, and knowledge in-
stitutions. Informal interviews were held with producers and suppliers of other agricultural products
traded globally. Using the software NVIVO, the collected data from interviews, documents and literature
was structured allowing patterns and categories in the data to be discerned. The contribution of this
paper is a typology of structural inefficiencies in global food supply chains, which provides insight into
the social drivers of postharvest losses. Three categories of structural inefficiencies leading (directly or
indirectly) to postharvest losses were identified: (1) corporate inefficiencies, (2) cognitive and affective
inefficiencies, and (3) tangible inefficiencies. Effective partnerships were found to be the backbone of
innovative collaboration, and the largest contributor to the reduction of postharvest losses, functioning
as catalysts of trust, communication, cooperation and innovation, in addition to contributing to reduce
structural inefficiencies along food supply chains.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Currently, one third to half of all food globally produced is lost or
wasted along food supply chains (FSCs) (Lundqvist et al., 2008;
Kummu et al., 2012; FAO, 2013). Arguably, any production
endeavor inwhich half of the production is wasted or lost due to an
inefficient allocation of natural and social resources can be
considered unsustainable and a market failure (Daly and Farley,
2011). This waste and loss of food has far reaching consequences
).
for the environment, resulting in unnecessary CO2 emissions (HLPE,
2014), loss of biodiversity, deforestation and squandering of water
and fertile soil (FAO, 2013). To stimulate the reduction of foodwaste
and losses, the United Nations General Assembly adopted in 2015
the target of halving food losses and waste per capita along FSCs,
under the Sustainable Development Goal (SDG12) of Responsible
consumption and production (UN, 2016). Such ambitious target in
combination with civil society demands for sustainably produced
food has been challenging companies, governments and research
institutions to explore innovative options to reduce food losses and
waste across FSCs (FAO, 2011; Lipinski et al., 2013). The quest for
efficiency and sustainability within FSCs is thus no longer an iso-
lated endeavor of a few, but rather the collaborative effort of social,
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institutional and corporate networks mutually influencing each
other (Lambert et al., 1998).

A distinction is made between food losses and food waste; food
losses refer to food that “spills, spoils, incurs an abnormal reduction
in quality such as bruising or wilting, or otherwise gets lost before it
reaches the consumer’' (Lipinski et al., 2013:1). Such losses are often
a consequence of poor infrastructure, technology, transportation,
refrigeration and packaging (Gustavsson et al., 2011), as well as the
lack of collaborative relationships between key segments of the
market (Barratt, 2004). Food waste is described as “food that is of
good quality and fit for human consumption but that does not get
consumed because it is discarded, either before or after it spoils”
(Lipinski et al., 2013:1). The food losses and waste that occur after
harvesting and before reaching the consumer, i.e., postharvest
losses (PHL) are of particular interest, since addressing losses early
in the FSC would avoid the environmental, social and economic
costs that add up with every additional step of the FSC (FAO, 2013).
The reduction of PHL is therefore increasingly recognized as crucial
to the sustainability of food supply chains (Kiaya, 2014). Postharvest
losses refer to food that get lost after harvest, through crop pro-
cessing, distribution marketing and retailing, just before reaching
the consumer (Hodges et al., 2011). Food discarded at the consumer
level is regarded as food waste and is not part of PHL. Reducing PHL
could save economic resources of farmers and companies, increase
the availability of food, and reduce the pressure on the natural
resources needed to grow food (WRI, 2016). In global FSCs the focus
of postharvest losses lies on developing countries since it is there
where avoidable PHL are the highest (HLPE, 2014).

Trienekens and Willems (2007) assert that innovation in FSC is
regarded a key component of sustainable solutions. However, ac-
cording to Barratt (2004) most FSC investments focus heavily on
mechanical and technological innovations. Leach et al. (2012) argue
that to meet ambitious Sustainable Development Goals, such as
halving global food losses and waste by 2030, not only new tech-
nologies are required, but also innovations that give more recog-
nition and credibility to the people involved. Pippel (2014) asserts
that structural innovations in organizations are often required to
enhance technological innovations.

Innovation literature highlights the importance of collaborative
relationships to innovate (Soosay et al., 2008), while sustainability
literature considers structural innovations within organizations
(Trienekens and Willems 2007) and inclusive systemic approaches
(Vermeulen and Witjes, 2016) as cornerstones of sustainable food
supply chains. However, these concepts are underrepresented in
literature on postharvest losses within global FSCs, as it mainly
focuses on the technological aspects of postharvest losses (Barratt,
2004). Consequently, in this study we focus on the social aspects
leading to structural inefficiencies in the food supply chain,
providing an insight into the ways in which collaborative innova-
tion can reduce postharvest losses. Kaipia et al. (2013), Lambert and
Cooper (2000), Simatupang and Sridharan (2002) and Faems et al.
(2005) have found that FSC participants find it challenging to
collaborate effectively, especially in global supply chains. They
argue that complementing technological innovations with new
ways of collaboration could improve productivity and reduce
structural inefficiencies.

1.1. Innovative collaboration

Soosay et al. (2008) mention the concept of innovative collab-
oration in the contexts of collaborative relationships, efficient
allocation of resources, and firms' capabilities to innovate in
collaboration with other participants of the FSC. Kaipia et al. (2013)
stress the importance of new forms of collaboration by pointing out
that postharvest losses in perishable food supply chains can be
reduced by FSC participants sharing information more efficiently
and engaging in new partnerships. In global food supply chains for
example, importers need to collaborate with FSC participants
across borders regarding production, storage, and transportation.
The perishability of some food products adds to the complexity of
FSC management whereby fast delivery lead times are expected. At
the same time, collaboration can be affected by different means of
working across different geographies. For example, in Latin-
American countries, business communication takes place largely
through email and fax, while in many European companies the use
of Electronic Data Interchange (EDI) is the norm.

Lambert and Cooper (2000) argue that successful supply chain
management requires a cross-functional integration of material
and information flows as well as strategic partnerships.
Simatupang and Sridharan (2002) suggest that new forms of
collaboration in which information is exchanged across the FSC
would eliminate the need of making educated guesses, thereby
improving decision-making and efficiency. They further recognize
that conflicts in the FSC can be avoided by aligning the incentives of
individual FSC participants to benefit the whole FSC. Likewise,
Soosay et al. (2008:160) argue that “business with a supply chain
strategy require integration, cooperation and collaboration, which
in turn demand aligned objectives, open communication, sharing of
resources, risks and rewards”. Faems et al. (2005) state that FSC
participants can improve their capabilities by engaging in new
partnerships, improving their use of existing technology or devel-
oping new technology. Arnold (2017) argues that innovating in
collaboration is especially relevant in FSCs with many participants,
since it can stimulate a chain-based thinking through which the
people involved can interact, discuss and negotiate to create sus-
tainable outcomes in the interest of all.

Based on the insights of these authors, innovative collaboration
is defined here as the improvement or creation of inter-
organizational relationships through which FSC participants can
(1) exchange information, (2) align incentives, (3) engage in effec-
tive partnerships, and (4) improve their use of technology.

Accordingly, the main aim of this study is to understand how
innovative collaboration influences the sustainability of global food
supply chains through the reduction of postharvest losses. To do so,
we have defined three objectives: First, to provide a clear under-
standing on how participants in global food supply chains interact
with each other; second, to identify the structural inefficiencies
leading to postharvest losses along the supply chain, and third, to
identify the main drivers and barriers of FSC participants to engage
in collaborative innovation. Our main contribution is a typology of
structural inefficiencies in the avocado supply chain, which pro-
vides insight into the social drivers of postharvest losses along
global food chains.

This article is structured as follows: Section 2 discusses post-
harvest losses and sustainable food supply chains. Furthermore, it
discusses the theoretical background and main components of
innovative collaboration: information exchange, incentives' align-
ment, effective partnerships and adequate use of technology. Sec-
tion 3 presents the selected cases and the methodology. Two case
studies explore the supply chains of export avocados from Mexico
and Colombia to the Netherlands. Section 4 presents the results of
the case studies and indicates implications for future research.
Finally, section 5 provides concluding remarks on the influence of
innovative collaboration on the sustainability of global food supply
chains.

2. Postharvest losses and sustainable food supply chains

We define sustainable food supply chains as a network of people
collaborating to manage material, information and capital flows
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(Seuring and Müller, 2008), while generating the greatest possible
value with the lowest possible environmental, social and economic
impacts.

The HLPE (2014) identifies two types of impacts caused by
postharvest losses: explicit impacts and opportunity impacts.
Explicit impacts are related to the existence of a physical flow of
PHL, while opportunity impacts are viewed as the economic, social
or environmental lost value in reference to a better alternative with
less PHL. Hodges et al. (2011) observe that these impacts get
exacerbated within global FSCs, in which more FSC participants are
involved within different economic and institutional contexts,
some of which are already weakened by other contextual factors.

In this context they notice that FSC participants in developing
countries are more susceptible to both kinds of impacts, since in
many cases their livelihood and food safety are negatively affected
by postharvest losses. Accordingly, most studies on postharvest
losses show that reducing them would not only increase the sus-
tainability of FSCs but also the sustainability of food systems, which
encompass the institutional and policy conditions in which FSCs
exist (HLPE, 2014). As the HLPE (2014) points out, most of today's
analyses agree that a reduction of PHL would lead to FSCs being
more sustainable, with positive economic, social and environ-
mental outcomes, outweighing the cost of action. An optimum and
realistic outcome for sustainable FSC is not zero PHL, but a situation
in which avoidable PHL are not a byproduct of FSCs.

Reducing PHL through innovative collaboration entails tackling
the structural inefficiencies that refrain FSC participants from
working towards the same objectives, with symmetric information
and proportional rewards. Section 2.1 presents the structural in-
efficiencies leading to PHL along FSCs. Next, section 2.2 describes
the concept of innovative collaboration and its components.

2.1. Structural inefficiencies leading to avoidable postharvest losses
along food supply chains

Structural inefficiencies are defined here as flaws within the
large set of managerial decisions, commitments, incentives and
human relationships leading to PHL along FSCs. We argue that
structural inefficiencies can lead to avoidable postharvest losses
within food supply chains, thereby being a barrier for the sustain-
ability of FSC.

Structural inefficiencies at the individual and company level
can compromise the organization's ability to operate sustainably.
For example, when companies work in silos, the technological in-
novations they implement might lead to lower product price rather
than to higher income for farmers, thereby disincentivizing them to
improve product quality or agricultural practices (HLPE, 2014).

Structural inefficiencies at the FSC level can have impacts at a
different stage of the FSC than where they were originated, and
often determine the existence or extent of structural inefficiencies
at the individual or company level. For example, inadequate
manipulation of fruit early in the FSC due to deficient agricultural
practices, can lead to a shorter product shelf life at the retail and
consumer level (HLPE, 2014). Likewise, last minute changes in
procurement decisions by retailers or importers could lead to
sudden surplus stocks and bring prices down, thereby eliminating
the incentive of other FSC participants to keep the product in the
FSC, ultimately leading to PHL (HLPE, 2014).

Structural inefficiencies at the institutional level limit the
extent to which FSC participants collaborate, invest and adopt good
practices. In practice, PHL are usually the result of an interrelation
of structural inefficiencies at all levels, especially since actions at
one level can impact the whole FSC (HLPE, 2014). Table 1 shows the
impact on the social, environmental and economic dimensions that
result from these structural inefficiencies.
Table 1 is by no means exhaustive, but it highlights that struc-
tural inefficiencies along FSCs arise especially due to inadequate
managerial decisions, commitments, incentives and human re-
lationships along FSCs resulting, among others, from the lack of (1)
information exchange, (2) incentives alignment (3) effective part-
nerships or (4) the inadequate use of technology among FSC par-
ticipants (Faems et al., 2005; Gustavsson et al., 2011; Hodges et al.,
2011; Kaipia et al., 2013; HLPE, 2014). At the FSC level, logistic
improvements would certainly alleviate many of these in-
efficiencies; however, according to the HLPE (2014) these should be
applied while having knowledge of the specific local geographical,
cultural and economic conditions of the users. Collaboration among
FSC participants can facilitate the gathering of such knowledge by
increasing transparency and improving the quality and amount of
collected data. In this context, innovative collaboration could spur
quantitative and qualitative analysis, communication and knowl-
edge dissemination towards the reduction of postharvest losses
(HLPE, 2014).

2.2. Innovative collaboration within food supply chains

Structural inefficiencies not only lead to a waste of valuable
resources, but also create friction between food supply chain par-
ticipants (Lambert and Cooper, 2000), which in turn can lead to
further waste of resources. Innovative collaboration involves the
reduction of such friction between FSC participants, by improving
or creating inter-organizational relationships through which they
can agree to jointly make decisions, solve problems, align their
goals and exchange resources, rewards, responsibilities and infor-
mation (Soosay et al., 2008). Consequently, innovative collaboration
is defined here as the improvement or creation of inter-
organizational relationships through which FSC participants can
exchange information, align incentives, engage in effective part-
nerships and improve their use of technology. These will be briefly
discussed below.

2.2.1. Information exchange
Exchanging information has been suggested to be one of the

most important means to reduce food losses and waste along FSC
(Lambert and Cooper, 2000; Kaipia et al., 2013). Yet, the reticence of
FSC participants to exchange information is also one of the most
challenging structural inefficiencies along FSC (Pibernik et al.,
2011). The fear of FSC participants of losing competitive advan-
tages, being exposed to opportunism and losing bargaining power,
refrain them from sharing sensitive data (Lee and Whang, 2000;
Pibernik et al., 2011). Kaipia et al. (2013) assert that overcoming
this limitation is key to the reduction of postharvest losses along
FSC. Information exchange is defined as the mutual, proactive,
regular and timely share of information (tacit and explicit knowl-
edge) that is relevant and clear to FSC participants (Coronado et al.,
2010; Pibernik et al., 2011). Information exchange contributes to
reduce uncertainty of demand and supply, improve coordination
and planning (Lee and Whang, 2000), reduce costs, and enhance
overall supply chain performance (Kaipia et al., 2013), all of which
could contribute to the reduction of PHL.

2.2.2. Incentive alignment
Lack of incentive alignment arises due to attitudes that are

contingent upon short-term results (FAO, 2004), and due to com-
panies lacking the means or sense of importance to resolve their
cultural, economic and organizational differences in order to align
their policies, priorities, definitions, perceptions and long-term
objectives (Simatupang and Sridharan, 2002). The quality of the
product, for example, is important for all FSC participants; however,
FSC participants may have different definitions or perceptions of



Table 1
Impacts of structural inefficiencies leading to postharvest losses at the individual company, food supply chain and institutional levels.

Structural inefficiencies
leading to postharvest
losses

Impacts

Social (a) Environmental (b) Economic (c) Source

Individual and
company level

Lower wages for FSC participants in developing
countries

More garbage and waste and
increased number of landfills

Lost investment for business and
consumers when purchased food is
lost or wasted.

a, b, c: HLPE, 2014

Lower consumer purchasing power Contamination of rural and urban
areas

Smaller margins and high prices,
which in turn lead to lower
consumption

a, b: HLPE, 2014;
c: Antunes et al.,
2007

Lower availability of food a: Gustavsson
et al., 2011;
Kummu et al., 2002

Food
suppy
chain
level

Lack of
information
exchange

Uncertainty of demand Waste of valuable natural
resources

Uncertainty of supply and
production flows

a: Lee and Whang,
2000;
b: Lambert and
Cooper, 2000; c:
HLPE, 2014

Lack of
incentives
alignment

Low labor productivity Low compliance with
environmental regulations

Increased costs and decreased
overall supply chain performance

a: HLPE, 2014;
b: Tielens and
Candel, 2014; c:
Kaipia et al., 2013

Lack of application of best practices Mismanagement of natural
resources

Unforeseen investments a,b,c: HLPE, 2014;

Lack of
effective
partnerships

Increased power and influence of retailers and
traders over farmers “with farms squeezed by new
forms of governance of value chains”

Increased costs of disposal and
treatment of waste

a: Lang and
Barling, 2012:316
c: HLPE, 2014;

Inadequate
use of
technology

Increased time investment and lower productivity Inefficient use of energy and
resources

Decreased product quality a,b: HLPE, 2014; c:
Lambert and
Cooper, 2000

Unnecessary CO2 eq emissions Long term unviability of current
food business model

b,c: HLPE, 2014

Institutional level Increased food prices in food insecure regions Increased water footprint and
pressure on soil, land and
biodiversity

Increased spending on production,
distribution

a: HLPE, 2014;
b: FAO, 2013, HLPE,
2014;
c: Lang and Barling,
2012

More people below the poverty line Increased use of non-renewable
energy and increased emissions
of greenhouse gases

Unrealized economic targets a, b, c: HLPE, 2014;

Intensified use of forests and
conservation areas for food
production

Less financial resources for
investment in other areas

b, c: FAO, 2013;

Roughly1/4 of all water and
cropland are used to produce
food that is lost or wasted

Roughly1/4 of all fertilizer is used
to produce food that is lost or
wasted

b,c: Kummu et al.,
2012

Increased use of synthetic
fertilizers that affect biodiversity
and water quality

Decreased productivity of public
investment in agriculture,
becoming an opportunity cost

b: Kummu et al.,
2012;
c: HLPE, 2014
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quality which can lead to uncoordinated handling of the product,
resulting in PHL (Arpaia, 2005). Growers may perceive quality as
the absence of diseases, optimal size and return of investment;
packinghouse handlers, wholesale distributors, and retailers, may
perceive quality as the ease of handling, uniformity of packaging
and absence of physical and physiological defects (Arpaia, 2005),
while importers may perceive it as the freshness of the product and
the timely delivery of their demand. Incentive alignment involves
FSC participants making decisions that consider rewards beyond
their own gate and that maximize overall supply chain profitability
through a regular assessment of objectives (Simatupang and
Sridharan, 2002), while sharing the costs, risks and benefits
entailed with collaboration (Hudnurkar et al., 2014). Additionally, it
entails a cultural, economic and organizational alignment through
which differences between FSC participants are first acknowledged
in order to be able to use them to the advantage of the FSC (Durnell
Cramton and Hinds, 2014).
2.2.3. Effective partnerships
A retailer purchasing from a global FSC needs reliable partners
(Ziggers and Trienekens, 1999). Likewise, farmers need reliable
markets and the opportunity to negotiate practical rules and reg-
ulations (Smith, 2008). An effective partnership is an alliance be-
tween FSC participants characterized by its capacity to avoid
knowledge spillovers, learning races between the partners,
diverging opinions on intended results, and lack of flexibility and
adaptability (Faems et al., 2005). Effective partnerships can increase
the mutual trust, respect and reliability of FSC participants, thereby
contributing to increased openness and transparency along the
food supply chain (Smith, 2008). Ziggers and Trienekens (1999)
recognize that effective partnerships can, (a) reduce transaction
costs, risks and FSC structural inefficiencies, (b) enhance the FSC
participants' ability to innovate and improve their market position,
and (c) “[…] have a profound contribution to a sustainable competitive
advantage” (p.278).
2.2.4. Adequate use of technology
In global FSCs, the challenge lies especially in overcoming

structural inefficiencies, rather than technological ones; although
proper technology and infrastructure are a necessity, having them



C. Arias Bustos, E.H.M. Moors / Journal of Cleaner Production 199 (2018) 1020e10341024
does not guarantee their adequate use. Faems et al. (2005) assert
that collaboration among FSC participants could take existent
technologies and competences to a further level of development
but also stir the development of new ones. Coronado et al. (2010)
found that improving the competences of FSC participants and
their knowledge in how to use technology and infrastructure
(through clear use’ instructions, training to handlers and using best
handling practices), has a positive impact on the accuracy of
planning deliveries, stir the adoption of complex quality standards,
and stimulate the use of best practices, such as cold chains. An
empirical example is the increased energy inefficiency caused by
the introduction of cooling technology at the back-end of the FSC
without further structural changes: due to lack of trust regarding
cooling practices in other parts of the FSC, each preceding FSC
participant would unnecessarily maximize cooling, thereby
wasting energy and decreasing product's quality. The adequate use
of technology is thus underpinned by the capacity of FSC0 partici-
pants to overcome structural inefficiencies.

The concepts of the theoretical framework are combined into a
conceptual model, as presented in Fig. 1. The left part of the model
shows the FSC participants of a conventional food supply chain:
suppliers, producers, packers, storage workers, transporters, ex-
porters, importers, retailers and consumers. It is hypothesized that
when FSC participants engage in innovative collaboration bymeans
of information exchange, incentives alignment, effective partner-
ships and adequate use of technology, there is a positive influence
on the sustainability of the FSC through the reduction of PHL.

3. Methods

This section describes the case studies (3.1) followed by the
research's design and execution of main concepts (3.2). Subse-
quently, it presents the method of data collection (3.3) and data
analysis (3.4).

3.1. Case description

The highest percentages of postharvest losses take place in FSCs
of perishable products and especially of fresh fruits and vegetables
(Gustavsson et al., 2011). The chosen unit of analysis of this research
is the global supply chain of avocados. The rationale for this choice
is twofold: (1) Europe's fast-growing import of avocados from
developing countries (roughly 300,000 tons in 2015), has shown
Fig. 1. Conceptual model showing the relationships between FSC participants' inno-
vative collaboration, postharvest losses and sustainability.
over 40% increase in volume in the last five years; this upward trend
has been especially driven by the growing demand of European
consumers for healthy food (CBI, 2015). (2) Avocados are known to
be highly susceptible to postharvest losses (Bill et al., 2014). Losses
and waste of avocados are estimated to be of about 5e25% in
developed countries and of about 20e50% in developing countries
(FAO, 2004). Notwithstanding the lack of a most recent source for
these estimates, it is assumed that postharvest losses of avocados
are within the range of overall losses and waste of fruits and veg-
etables, which have not been ameliorated in the last decade, being
42% in 2009 (Lipinski et al., 2013), 45% in 2012 (FAO, 2013) and
expected to increase in absolute terms along with increased pro-
duction. As case studies, the food supply chains of avocados
exported from Mexico and Colombia into Europe and in particular
into The Netherlands, have been chosen due to the following rea-
sons: The Netherlands is the major trade hub for avocados to other
European countries, accounting for roughly a third of total EU av-
ocado imports; from the 300,000 tons imported in 2014, about 85%
originated in developing countries (CBI, 2015). Both exporting
countries have similar demographic (TheWorld Bank, 2016a, b) and
logistic conditions (The World Bank, 2016c) of avocado production.
Mexico is an established avocados producer, producing roughly 50%
(BBC, 2016), of the global avocado production, while Colombia is a
new incumbent, producing 5% of total global production
(Minagricultura, 2014), thereby allowing for analysis regarding the
influence of production-and-export on postharvest losses. Addi-
tionally, Mexico and Colombia have become direct competitors in
the avocado export market due to their similar annual production
calendars (see Fig. 2) (LKS, 2013).

Since measurements of PHL are still primitive and known
quantities widely differ, the influence of innovative collaboration
on the sustainability of the FSC through the reduction of post-
harvest losses is qualitatively assessed through the perceptions,
visions and interactions of FSC participants. This research is not
designed to compare these countries, but rather to find a replica-
tion of patterns (or a lack thereof), whenever innovative collabo-
ration is present.

3.2. Research design and execution

This research takes a qualitative approach in exploring innova-
tive collaboration within food supply chains, as innovative collab-
oration is rather ill understood and cooperation between actors is
important (Marshall and Rossman, 1995). Understanding innova-
tive collaboration requires thus a detailed and interpretative anal-
ysis, that also considers characteristics of the specific context in
which it appears (e.g. Lee, 1999; Garud et al., 2002). Theoretically, it
draws on the four concepts of innovative collaboration: informa-
tion exchange, incentives alignment, effective partnerships and
adequate use of technology. In understanding how innovative
collaboration influences sustainability of global food supply chains
through the reduction of postharvest losses, this research distin-
guishes two research questions: First, how do FSC participants
interact and which structural inefficiencies leading to postharvest
Fig. 2. Avocados production calendar of Mexico and Colombia. (Adapted from LKS,
2013).
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losses can be identified in global food supply chains? And second,
what are the main drivers and barriers of FSC participants to engage in
innovative collaboration to reduce postharvest losses within global
food supply chains? Fig. 3 presents the operationalization and de-
scribes how the four innovative collaboration concepts are studied.
The indicators were used as sensitizing concepts for the interview
questions. Specifically, this research is designed to explore patterns,
perceptions, behaviors, attitudes, interactions and relations un-
derlying both the structural inefficiencies that lead to PHL and the
capacity of FSC participants to engage in innovative collaboration.
This is done to elucidate whether exchanging information, aligning
incentives, engaging in partnerships and enhancing the ways in
which technologies are used along FSCs contribute to address the
structural inefficiencies that lead to postharvest losses.
3.3. Data collection

For the collection of data, scientific literature and available
documentation of companies were consulted. 25 semi-structured
interviews were held with experts and FSC participants. Based on
the theoretical framework, interview questions were prepared (see
appendix A).

Identification of interviewees for this study was a two-stage
Fig. 3. Concepts of innov
process in which purposive sampling of initial interviews was
complemented by snowball sampling. For the two cases, 25 people
were identified as valuable respondents for in-depth qualitative
interviews (see appendix B, including reference numbers [1 through

25]). The interviews with interviewees based in the Netherlands
(13) were held face to face, whereas interviews with interviewees
based in Mexico (7) and Colombia (5) were done by phone.
Different stages of the FSC were represented by the interviewees:
Import (8), production/export (6) growers' associations (2),
governmental organizations (3), packer (1) and knowledge in-
stitutions (5 interviewees).
3.4. Data analysis

The collected data from interviews, documents and literature
was coded using the software NVIVO10, which facilitates the
identification and examination of relationships in the data, thereby
allowing comparisons between literature and empirical findings. In
NVIVO, the collected data from interviews, documents and litera-
ture was structured through a coding process through which pat-
terns in the data were discerned to generate nodes. Initial topic
nodes were named after each of the main concepts of this research,
namely sustainable food supply chains, postharvest losses,
ative collaboration.
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information exchange, incentives alignment, effective partnerships
and adequate use of technology. Each of these topic nodes was
described using the definitions of the concepts presented in the
theoretical framework, into which selected pieces of data relevant
to a specific node were categorized. In cases in which frequently
repeated information could not fit into one of the initial nodes,
secondary nodes were created. In cases in which data already
categorized into a certain node lent itself to be further divided into
sub-categories, sub-nodes were created. Through a case node, the
data was demographically classified between the Mexican and the
Colombian supply chains based on the FSC participants' home base,
coded in NVIVO as an attribute with the values, Mexico or
Colombia. Through the classification of the data, a coding tree was
created upon which the results of the research were structured.

The categorization of the data allowed the following analysis
structure with four steps in a funnel-like fashion. First, the results
were analyzed on a global scale, identifying general interactions
and relationships among FSC participants. Second, the results were
analyzed within the context of the case study, which allowed for
the identification of patterns, structural inefficiencies, and barriers
and drivers of innovative collaboration within the two FSCs. The
third part of the analysis involved selecting and bringing together
all findings relevant to each component of innovative collaboration
to bring analytical depth to the conceptual understanding of the
findings. The interviews in the Netherlands were held in Dutch.
These were recorded, translated to English and transcribed by the
author. The interviews in Mexico and Colombia were held in
Spanish. These were likewise recorded, translated by the author
and transcribed in English. Five of the interviews were held with
experts on fresh food supply chains (2), food losses and waste (1),
innovation (1) and management studies from which we received
feedback iteratively during the writing of our findings. The inter-
pretation of the data, i.e. the transcripts of the interviews or pieces
of interviews, was shared with other interviewees whenever
further clarification was needed. After the data analysis, a concept
document of the research was shared with two interviewees
willing to provide comments or suggestions.

4. Results and discussion

Section 4.1 presents the structural inefficiencies leading to
postharvest losses in the Mexican and Colombian avocado supply
chains. Section 4.2 gives the findings on the main drivers and
barriers of FSC participants to engage in innovative collaboration to
reduce postharvest losses. Section 4.3 focuses on reducing post-
harvest losses through innovative collaboration.

4.1. Vertical and horizontal collaboration in the global avocado
supply chain

Food supply chain participants interact through both horizontal
collaboration driven by competition, and vertical collaboration
driven by the inherent need in FSCs of getting a product from the
field to the consumer. Horizontal collaboration is considered to be
strategically advantageous, as FSC participants get to exchange the
kind of information that is beneficial for the whole supply chain
and whose exchange does not entail a competitive disadvantage for
any FSC participant. Vertical collaboration is considered to be
functionally essential as it leads to, (a) cost savings from increased
efficiency due to recurrent procedures that become habitual, (b)
reduced transactional friction due to regular communication, (c)
increased alignment of the organizational culture, and (d)
increased risk-taking attitudes towards innovation due to risk-
sharing practices between FSC participants; all of which have the
potential to contribute to the reduction of postharvest losses. In line
with Faems et al. (2005) interviewees emphasize that long term
vertical collaboration increases the stability of the relationship,
enhances existing competence and improves their innovative per-
formance. An importer asserts: “Not having to constantly worry
about the reliability of daily transactions increases our flexibility to
innovate in the way we interact with our partners, such as planning
promotions together, setting up pricing mechanisms that benefit us
both, or jointly optimizing the chain to reduce product losses” [3].
However, collaborating vertically is done with caution in order to
avoid exchanging information that potentially increases the
competitive advantage of others at expenses of the own.

Inter-personal interactions seem to be very important in paving
the way towards more formal and long-term relationships. As re-
lationships evolve, structural inefficiencies are gradually removed
from the food supply chain due to positive behaviors becoming
embedded in the organizational culture of FSC participants. Three
main types of structural inefficiencies were found: (1) corporate
inefficiencies, which are flaws in, the processes, corporate struc-
tures and managerial mechanisms underlying the coordination of
activities along the food supply chain, thereby leading to post-
harvest losses, (2) cognitive and affective inefficiencies, which are
perceptions, expectations, beliefs, emotions, values, behaviors and
feelings of FSC participants leading to postharvest losses along the
food supply chain, and (3) tangible inefficiencies, which are infra-
structural or operational flaws in the production, in the use of re-
sources or in the handling of the product leading to postharvest
losses along the food supply chain. Most of the found structural
inefficiencies in both case studies are of the corporate category,
suggesting that the well-functioning of the FSC is highly dependent
on the enabling environment created by the food system in which
the FSC exists. This is in linewith Kaipia et al. (2013)’s assertion that
improving sustainable performance requires changes in the whole
supply chain rather than merely there where the problem occurs.

4.2. Structural inefficiencies leading to avoidable postharvest losses
in the global avocado supply chain

4.2.1. Mexico
Amain structural inefficiency identified in the Mexican avocado

industry is the lack of overseas export expertise, which is para-
doxically due to two main comparative advantages of the country:
(1) the high domestic demand of roughly 10Kg/person/year and the
US demand of roughly 3,5Kg/person/year (Agricultural Marketing
Resource Center, AgMRC, 2016), which by creating a secure market
for producers, have until recently, limited the urgency and will-
ingness to produce for other export markets [3] (2) The “effortless”
premium quality and superior taste of export avocados that grow in
Mexican volcanic soil, for which, according to an importer, “there
will be always nearby buyers willing to pay premium prices” [3].
According to an expert in management studies, this in turn, reduces
producers' motivation to increase yields [21], which are already
inferior to those of other avocado producing countries (9MT/ha
yield for the period 2015/mid 2016, compared to 10e18MT/ha of
Colombia) [1]. Additionally, the current high return on investment
in the avocado producing sector may discourage small andmedium
producers from incurring in further investments to improve yields,
since “[…with a] fairly low yield [of 100 avocados a year] farmers can
make as much as $500,000 (£383,000) annually from the plot” (The
Guardian, 2016). An importer [5] asserts that this privileged posi-
tion of the Mexican avocado industry can be counterproductive
since large producers have developed a limited willingness to adapt
their product to new markets.

Interviewees stress the lack of attention from the Mexican av-
ocado industry to the threat posed by competitors, especially new
entrants from developing countries. An Organizational
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development manager asserts: “We have been so focused in our own
competitive advantage for so long that we have not been paying
enough attention to the incredible growth potential of new producers
from countries like Peru, Colombia, Chili and South Africa” [19]. One
importer [6] asserts that the EU0 demand from these countries has
been steadily increasing, especially due to the higher yields of their
harvest and lower PHL during shipping compared to Mexico's.
Nonetheless, the president of the Mexican National Agricultural
Council (CNA) stated recently that there are currently no strong
competitors for Mexican avocados in the international market, due
to the country having the largest producing area and most of the
total demand (Diario ABC de Michoacan, 2016). In this respect, a
commercial consultant asserts that underestimating the competi-
tion discourages people from investing in improvements of pro-
cesses and products: “Resting in our laurels is not the way to stay
competitive […] and to reduce the inefficiencies of our production we'll
need to do more than just the usual” [15].

4.2.2. Colombia
Due to the early stage of development of the Colombian avocado

industry, small and medium producers are still poorly structured,
with a very high failure rate of new small productions enterprises,
andwith a low or inadequate legal regulatory framework offered by
cooperatives (LKS, 2013). A structural inefficiency often mentioned
by interviewees is the lack of standardization of harvest and post-
harvest processes. Most small and medium producers produce
avocados with great variations in sizes, appearance and quality,
being thereby of less interest for most large exporters to close long
term export agreements [11,12]. An exporter asserts that “much of the
avocado produced for export gets disqualified due to their lack of
uniformity, which is in turn caused by a lack of awareness among
small and medium producers regarding the benefits of adapting their
product for the export market” [12]. To avoid the complexities of
export, many producers still prefer to focus on the domestic mar-
ket, which presents a high and unsatisfied demand. However,
production for domestic markets takes place under less strict
phytosanitary and quality conditions, thereby resulting in PHL of
roughly 40e50% caused largely by pests and diseases, lack of
infrastructure and materials and inadequate inland transport con-
ditions. Fig. 4 shows the typical way in which production for do-
mestic markets is packed and transported, causing an increased
risk of injury and postharvest losses.

An investment specialist asserts: “The quality of our product is
highly dependent on the infrastructural conditions of the country; the
whole avocado chain must therefore work hand in hand with the
government to plan and carry out infrastructural improvements, as
well as be willing to invest in them if we don't want to see the export
potential of the industry hampered”[16]. Nonetheless, investments,
financial support and credits in the avocado chain increased more
than 250% from 2010 to 2013 (Minagricultura, 2014), while
Fig. 4. Inadequate packing (left) and transport (right) conditions of avocados for the
Colombian domestic market. Avocados are not held under controlled temperature and
are susceptible to bruising and insects, leading thereby to postharvest losses (Source:
Corpoica Colombia, 2010).
investments in transport with private participation have been
rapidly increasing, reaching almost 12 US billion dollars in 2015
(World Bank, 2016a,b,c).

Interviewees point out the dependence of small and medium
producers to the national market caused by a “lack of training and
support to produce avocados suitable for export” [10]. The Executive
director of a producer/exporter company points out that due to the
high international demand, local governments of avocado pro-
ducing regions have been trying to stimulate the production of Hass
by giving seedlings to producers, but “in some cases, no further
recommendations or training on the specific treatment of this avocado
variety was offered to them” [11]. In line with this, interviewees
identify a lack of effective monitoring and of monitoring tools along
the whole supply chain, but especially when it comes to small and
medium producers [1,9,11,12,16]. Some interviewees consider that the
culprits of many structural inefficiencies are the high production
cost of implementing monitoring systems [12] and the instability of
the production that impedes the audit of processes [16], while the
global consultancy LKS (2013) stress the high segmentation of the
production, partly caused by the difficult access to land and un-
regulated land tenure (LKS, 2013).

Table 2 shows the findings on the structural inefficiencies in the
Mexican and Colombian avocado supply leading to PHL. The
structural inefficiencies found were subcategorized according to
their underlying attributes. Corporate inefficiencies have been
subcategorized into Managerial/Regulatory, Financial/Economic,
and Knowledge/Information inefficiencies. Cognitive and affective
inefficiencies have been subcategorized into Attitudes and Per-
ceptions. Tangible inefficiencies have been subcategorized into
Logistics/Distribution and Material/Sanitary inefficiencies.

Interviewees perceive importers to be powerful FSC participants
as they are the gateway to a growing avocado market. Importers
often decide what and from whom to buy, therefore they are ex-
pected to contribute to the reduction of avocado PHL by adopting
more sustainably devised and responsible buying practices. Im-
porters are already inclined to buy high quality avocados that are
more resistant to the “hustle and bustle” entailed with export,
which automatically leads to less PHL during export, but can
however lead to PHL at the back-end of the FSC by eliciting a
product selection based on aesthetic aspects. Without a more
transparent approach to postharvest losses, interventions could
only result in a shift of the stage of the FSC in which postharvest
losses take place. By classifying the roots of these structural in-
efficiencies, this research also contributes to pointing the direction
of needed interventions to reduce postharvest losses.

4.3. Drivers and barriers of food supply chain participants to
engage in innovative collaboration

Differences in working culture and opinions are considered an
important barrier to collaboration, often in the Mexican context
[2,4,6,13,15,18,19] and sometimes in the Colombian context [3,10,16].

Various participants downstream the FSC expressed their discon-
tent due to the resistance to change of some producers and farmers
[4] and due to an increase in opportunistic behavior as exports from
developing countries increase. An importer asserts: “The rapid pace
of increase of exports does not match the pace at which organizational
improvements in exporting countries take place [5].” An expert in
management studies states that, “in such a business environment
there is an increased risk of opportunism in the form of selling products
of poor quality, delaying deliveries or not following through with
agreements and contracts” [21]. Opportunism can also take place due
to FSC participants having asymmetric extents of power and due to
business strategies based on having such power. In this context a
business developer asserts: “some buyers are awful; they think they



Table 2
Structural inefficiencies in the Mexican and Colombian avocado supply chain leading to avoidable postharvest losses. (a) Corporate inefficiencies; (b) Cognitive and affective
inefficiencies; (c) Tangible inefficiencies.

Mexico Colombia
a.
CORPORATE INEFFICIENCIES IN THE AVOCADO SUPPLY CHAIN

Managerial/Regulatory

� Lack of organization of small and medium
producers

� Lack of supervision from regulatory bodies
� Unfulfilled commitments such as contract

conditions

� Low or inadequate legal regulatory framework offered by cooperatives
� Segmentation and instability of production that difficult the audit of processes
� Low number of producers certified for export
� Lack of land ownership
� Lack of effective monitoring and of monitoring tools
� Preference for/dependence on domestic market due to less strict phytosanitary and quality conditions

Economic/Financial

� Importers' uncertainty of demand leading to
overbuying

� Price variations that limit the planning potential
� Price mechanisms unadjusted for externalities
� Lack of attention to increased competition

� Organizational culture and business models misaligned with international markets
� Uncertainty of demand leading to overbuying or underbuying

Knowledge/Information

� Lack of overseas export expertise
� Untrained staff

� Lack of standardization of harvest and postharvest processes
� Lack of training to produce avocados suitable for export

b.

COGNITIVE AND AFFECTIVE INEFFICIENCIES AVOCADO SUPPLY CHAIN

Attitude

� Limited willingness (small-medium producers) to
invest in the improvement of production processes
and product

� Limited willingness to adapt product to newmarkets
� Limited motivation to increase yields

� Low interest from large exporters to close long term agreements with small and medium producers
� Individualism and reluctance to close long term agreements with large or foreign companies

Perception

� Disregard for environmental impacts caused by the
industry

� Disregard of quality in forthcoming FSC stages
� Limited urgency for improved production

� Lack of awareness among small and medium producers regarding the benefits of adapting their product for the
export market

� Unawareness regarding the consequences of inadequate handling of the product
� Lack of status of small producers in international markets

c.

TANGIBLE INEFFICIENCIES AVOCADO SUPPLY CHAIN

Logistics/Distribution

� Limited offshore transport infrastructure L&D
� Inadequate containerization L&D
� Lack of adequate offshore refrigeration or broken

cold chain L&D
� Long shipping times (3e4 weeks) L&D

� Inadequate internal transport infrastructure L&D
� Rough handling of boxes
� Broken cold chain due to inadequate inland transport L& D
� Inadequate loading and overfilling of boxes

Material/Sanitary

� Alleged inadequacy of sanitary and phytosanitary
conditions

� Use of contaminated vehicles (with fertilizers or chemicals)
� Inadequate phytosanitary conditions of domestic product
� Low level of mechanization, tool implementation and use of technological instruments by small and medium

producers
� Large variations in sizes, appearance and quality
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can change their orders at any time” [2]. To avoid PHL due to sudden
changes in product requirements from buyers and to ensure that
suppliers take into consideration the quality expected by buyers,
they are increasingly turning to Service Level Agreements (SLAs)
[23]. SLAs are contracts between suppliers and buyers through
which a common understanding regarding the minimum accept-
able service and responsibilities is established. However, according
to one interviewee [16] SLA's are sometimes used as stopgaps for
troublesome transactions and using them unaccompanied by long-
term goals to improve the relationship, disregards the benefits
entailed with strengthening the transparency and trust of the
collaboration.

Several interviewees [1, 3, 7, 13, 15, 19, 22, 23] identified the lack of
trust between FSC participants as one of the most important
barriers to collaboration within the avocado FSC. Trust is especially
important in long food supply chains, where producers and con-
sumers are divided by numerous other FSC participants, such as
packers, brokers, transporters, importers and retailers. A
Researcher of food losses and waste asserts that “vertical integration
partly solves the lack of trust that limits the potential benefits of
collaboration […]; but in a sense, this newly acquired trust [that comes
from supply chain integration] is imposed upon [the FSC participants]
rather than earned” [23]. One importer affirms that in the avocado
industry, as in every food industry “trust takes long to win but can be
easily lost” [1]. Yet, another importer goes beyond this statement by
asserting that succeeding in reviving the trust between business
partners after a problem is solved, may result in a strengthening of
the relationship beyond that of a faultless relationship [3].
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Most interviewees agree that often, the barrier to innovative
collaboration is not a lack of communication between FSC partici-
pants, but rather a lack of effective communication able to penetrate
the organizational culture in all the stages of the FSC until leading
to change. Consequently, ineffective communication can lead to
increased transaction costs, since more efforts have to be made in
order to reach the desired outcome, and to bad planning, which in
turn leads to postharvest losses. An importer states: “As importers, it
is crucial to calculate the volume needed by our clients and to
communicate this clearly to the producer, […] for this, knowledge of
the market is required to forecast the selling volumes in a determined
week [1]. A strategy often used to avoid coming short of product is to
buy larger quantities than those demanded by the market. “We buy
a little more than the expected demand in order to be sure of covering
it all. Buying much more than needed will put a lot of pressure on the
market, making prices increase, which will be at our disadvantage [4]”.

In line with the findings of Soosay et al. (2008), interviewees
acknowledge that a more detailed [1,2,7,22], regular [1,3,6,9,16] and
honest [4,5,7,18,24] communication would improve the accuracy of
forecasted demands at all supply chain stages, thereby decreasing
the risk of PHL. In this context, technological developments are
being increasingly used to improve the detail and frequency of
communication; however, their use is still mostly limited to the
front-end of the supply chain. At the front-end of the FSC, retailers
and suppliers often have electronic-based demand planning sys-
tems to synchronize order and deliveries. However, at the back-end
of the FSC, communication technologies are implemented only to a
certain degree by large companies and almost never by small and
medium ones [6,19,22,27]. Small and medium producers, packers and
exporters still share demand information through traditional
channels, in both Colombia andMexico. Some importers assert that
to facilitate communication, they are increasingly establishing
direct relations with producers [1,3,4,8]. However, others argue that
although vertical integration is generally desired, when importers
trade directly with small and medium producers, the differences in
their organizational cultures and in the communication’ technol-
ogies used may in some cases slow the development of the rela-
tionship [21,22]. In some cases, collaborative innovation gets
hindered by old-fashioned ways of thinking and obstructive be-
haviors of FSC participants to innovation and collaborative de-
velopments. Interviewees expressed their frustration regarding the
disinterest of some brokers in being a part of the solution. “They use
arguments such as: ‘why should I care if some product gets lost along
the way if i still can buy enough of it every day? -’ or -‘if we decrease
the losses there would be an oversupply thereby bringing down the
prices’- [22]. Most of the interviewees agree that such behaviors are
old-fashioned and obstructive to innovation and collaborative de-
velopments. Table 3 presents an overview of the findings on the
main drivers and barriers of innovative collaboration within the
global avocado food supply chain.

The barriers and drivers of innovative collaboration along the
FSCs show an interesting arrangement. Most of the barriers are
related to cognitive and affective inefficiencies and the corporate
inefficiencies, stemming from feelings and behaviors of FSC par-
ticipants or from inappropriate corporate structures and manage-
rial mechanisms. The drivers seem to relate more to tangible
improvements in logistics, operations and efficiency. These findings
could suggest that FSC participants perceive barriers to innovative
collaboration from a wider perspective, as a broad set of institu-
tional, governmental and behavioral conditions that negatively
influence their functioning within the FSC. Drivers of innovative
collaboration on the other hand, are perceived as a set of more
specific and operational terms, which might have a motivational
effect on FSC participants to work towards improvements, as these
seem to represent individual benefits. In this context, reframing
barriers in more pragmatic terms through which FSC participants
perceive the influence of their individual actions on the FSC, could
be a step forward towards overcoming them. The extent of expe-
rience that each country has in the avocado industry does not seem
to be a direct determinant of the extent to which structural in-
efficiencies lead to postharvest losses. In this context, Colombia's
shorter experience in producing avocado for export is sometimes
portrayed as a major cause of the industry's weaknesses in its legal
regulatory framework; Mexico's larger experience, however, is not
reflected in a stronger regulatory framework. Mexico's larger
experience and comparative advantages are not translated into
more information exchange, better alignment of incentives, more
effective partnerships or less inadequate uses of technology;
neither is it reflected in less postharvest losses. This could be a
consequence of the different extents of motivation of FSC partici-
pants of both countries to invest time, energy and money in im-
provements along the FSC. Mexican FSC participants have
accumulated enough experience to improve productivity and to get
rid of some structural inefficiencies, but still they seem to lack the
motivation to do so, presumably due to the steady economic re-
wards of the industry as it is. Being by far the largest avocado
producer in the world, the Mexican avocado industry seems to
underestimate their competition and not encourage FSC partici-
pants enough to invest in further FSC improvements. At the same
time, thanks to the industry's horizontal collaboration, the
Colombian avocado industry has been able to build on the Mexican
experience to fast track their improvement towards a more
resource-efficient trade, with higher crop yields and less overseas'
postharvest losses.

4.4. Reducing postharvest losses through innovative collaboration

Each of the components of innovative collaboration (i.e. infor-
mation exchange, incentive alignment, effective partnerships and
adequate use of technology) was found to contribute in different
degrees to the reduction of postharvest losses, not only individu-
ally, but also through the interrelated dynamics that take place
between them. Fig. 5 shows the refined conceptual model with the
dynamics between the components of innovative collaboration.

As effective partnerships evolve with increased trust between
FSC participants, the information exchange might become
smoother and the fear to exchange sensitive information gradually
smaller. Through the long-term interactions brought about by
effective partnerships, FSC participants might be able to turn their
cultural, organizational and economic differences into advantages
bymeans of their complementary assets, thereby also aligning their
incentives through a fairer distribution of costs and benefits. As
incentives become more aligned between FSC participants they
might be able to recognize the interconnectedness of their actions
and align their objectives accordingly. In this context, suppliers for
example, might be driven to improve their handling of the product
at the back-end of the FSC by using technologies in more adequate
ways, in order to avoid exporting a product that would present
damage at the import stage, and would thereby result in post-
harvest losses. Likewise, effective partnerships can be identified as
catalysts of technology' transfers between partners through which
the recipient partner not only gains access to technology, but also to
the knowledge and skills to use it adequately. Further research
could be designed to study the dynamics between the components
of innovative collaboration.

Consequently, effective partnerships were found to be the
backbone of innovative collaboration, and the largest contributor to
the reduction of postharvest losses within the framework of this
study by functioning as catalysts of trust, communication, cooper-
ation and innovation. An importer asserts: “Avocado is a difficult



Table 3
Barriers and drivers of innovative collaboration along the avocado supply chain. (a) Corporate barriers and drivers, (b)Cognitive and affective barriers and drivers, (c) Tangible
barriers and drivers.

a.

BARRIERS AND DRIVERS OF INNOVATIVE COLLABORATION IN THE AVOCADO SUPPLY CHAIN

CORPORATE BARRIERS CORPORATE DRIVERS

Managerial/Regulatory

� Some agreements reduce the availability of FSC participants to participate in other market
opportunities

� Asymmetric extents of power

� Increased stability of the relationship

Economic/Financial

� Benefits occur at expenses of the autonomy of the less powerful participants in the relationship � Cost savings from increased efficiency due to
recurrent procedures that become habitual

Knowledge/Information

� Bad planning and incomplete communication
� Lack of effective, detailed, regular and honest communication

� Reduced transactional friction due to regular
communication

b.

COGNITIVE AND AFFECTIVE BARRIERS COGNITIVE AND AFFECTIVE DRIVERS

Attitude

� Reluctance to share sensitive information
� Resistance to change
� Opportunistic behavior
� Lack of interest and obstructive behaviors to innovation and collaborative developments

� Increased risk-taking attitudes to-
wards innovation due to risk-
sharing practices

Perception

� Differences in working culture and opinions � Increased alignment of the
organizational culture

� Increased expectations of positive
results that strengthen
commitment from participants

� Empowerment of the working staff
as the exchange of ideas is
encouraged and people get
culturally integrated

c.

TANGIBLE BARRIERS TANGIBLE DRIVERS

Logistics/Distribution

� Industry-wide benefits are less appreciable than sectoral benefits � Access to new logistics information
� Increased FSC efficiency and smoother logistics
� Increased supervision of processes from harvest to export, thereby

increasing quality of product and risk of PHL

Material/Sanitary

� Access to new materials and technologies is compartmentalized and asymmetrical � Increased access to new technologies
� Increased access to knowledge on best practices
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product to be judged only by its external appearance; therefore, we
rely on the trust that our suppliers live by the same quality standards
and business values; partnerships are the catalyst of such trust” [3].
Three main types of partnerships have been identified along the
avocado supply chain of both countries: (1) Partnerships between
competitors; (2) partnerships between buyers and suppliers; and
(3) research and development partnerships with national and in-
ternational knowledge institutions. In some cases, however, part-
nerships also lead to learning races between FSC participants. This
is in line with the findings of Cao and Zhang (2011) on supply chain
collaboration in which FSC participants tend to engage in learning
races to internalize others' resources and skills that could improve
their individual performance. Such internalization of resources and
skills was found to be asymmetric in nature, whereby small pro-
ducers seem to obtain less economic and social benefits than other
FSC participants. This is in line with Khanna et al. (1998)’s assertion
that the benefits acquired by a partner from a partnership are likely
to be proportional to the relative bargaining power of the partners
involved. On the other hand, effective partnerships, R&D partner-
ships in particular, were found to increase the symmetry in the
reaping of benefits along the food supply chain. In this regard, ac-
cording to Khanna et al. (1998), the incentives to engage in learning
races (extended competitions to learn in which competition be-
comes progressively more important than collaboration) decrease
as the reaping of benefits approaches a symmetric distribution
along the FSC. Consequently, R&D partnerships may also have the
potential to compensate the need for learning races and contribute
to an increase in collaborative relationships with more symmetric
benefits' reaping. Fig. 6 shows a summary of the findings regarding
the individual contributions by each component of innovative
collaboration to the reduction of postharvest losses along FSC.

The results exemplify that, as Kaipia et al. (2013) and HLPE
(2014) assert, reducing postharvest losses requires a focus on
multiple parallel issues at the same time, and an approach that
includes the behavioral, organizational, technological and contex-
tual complexities to which global food supply chains are subject, at



Fig. 5. The dynamics between the components of innovative collaboration contribute
positively to the sustainability of FSC through the reduction of postharvest losses,
thereby incentivizing further innovative collaboration among FSC participants. Effec-
tive partnerships were found to be the backbone of innovative collaboration contrib-
uting to the manifestation of all the other components (a, b and c). Information
exchange has an influence on Incentives alignment (d) and on the adequate use of
technology (e). Incentives alignment has an influence on the adequate use of tech-
nology (f).
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individual and company, supply chain and institutional levels.
5. Conclusion

The main aim of this study was to understand how innovative
collaboration influences the sustainability of global food supply
chains through the reduction of postharvest losses.

Innovative collaboration seems to contribute positively to the
Fig. 6. Summary findings on contribution of information exchange, incentives alignment,
along FSC chains.
environmental, economic and social dimensions of the FSC by for
example, 1) avoiding unnecessary use of valuable resources and its
entailed impact on the environment, 2) reducing the uncertainty of
supply and demand, and stimulating a commercial vision among
producers, thereby allowing them to increase profit, and 3)
increasing the reliability of contracts between FSC participants, as
well as improving the working conditions and learning options of
small producers. Inter-personal interactions seem to be very
important in paving the way towards more formal and long-term
relationships. As relationships evolve, structural inefficiencies are
gradually removed from the food supply chain due to positive be-
haviors becoming embedded in the organizational culture of FSC
participants.

Engaging in effective partnerships was found to be the backbone
of innovative collaboration, acting as a catalyst of positive behaviors
that stimulate exchange of information, alignment of incentives
and adequate uses of technology. Engaging in innovative collabo-
ration, however, might not always succeed in addressing the
structural inefficiencies that cause postharvest losses, since many
other factors have influence on the FSC participants, the food
supply chain and the food system. In this context, an enabling
institutional environment that recognizes the importance of
reducing postharvest losses to attain sustainable FSCs is essential.
Furthermore, the findings show that without an integrated
approach to postharvest losses, interventions could only result in a
shift of the stage of the FSC in which postharvest losses take place.
The case studies show that having more experience in the pro-
duction and export of avocados does not equal having more
expertise in avoiding the structural inefficiencies that lead to
postharvest losses. We argue, however, that through horizontal
collaboration the incumbents' experience provides support to en-
trants in accelerating their rate of improvement towards more
sustainable food supply chains.

This paper has scientific contributions as well as limitations and
effective partnerships and adequate use of technology to reducing postharvest losses
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implications for future research. Through the multiple case study
approach, this research contributes to existing theoretical ap-
proaches on innovative collaboration and postharvest losses by
offering a typology of structural inefficiencies in global food supply
chains according to their underlying causes and mechanisms;
herein, corporate inefficiencies, cognitive and affective inefficiencies
and tangible inefficiencies were identified. This typology provides
insight into the social drivers of postharvest losses by exploring the
perceptions, attitudes and behaviors of FSC participants.

By categorizing the structural inefficiencies, a theoretical
framework is created upon which further research can build on. In
doing so, this research contributes to pointing out the direction of
needed interventions to reduce PHL, thereby having also practical
implications for managers of companies along FSCs, for policy-
makers and for practitioners in general, working towards the sus-
tainability of global supply chains and towards the reduction of
postharvest losses.

The data from the interviews contributes to deepen the under-
standing on the perceived barriers and drivers of FSC participants to
use innovative collaboration to reduce postharvest losses within
global agri-food supply chains. Regarding the limitations, the in-
terviews sample might not represent the whole FSC proportionally,
thereby limiting the generalizability of the findings. Most in-
terviewees were producers/exporters and importers, especially
since these are more easily accessible (through contact information
in websites or mutual referral) than for example transporters,
which generally don't limit their activities to a single product and
are therefore less approachable within avocado networks. Future
research could improve the external validity of these findings by
using our interview protocol (appendix A) in case studies with a
larger sample of interviewees or in case studies with different
cultural, economic or organizational contexts.
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APPENDIX A. Interview questions

Towards sustainable food supply chains through innovative
collaboration

Background

� Can you shortly introduce yourself? Work experience.
� How long have you been with this company/organization? In
what capacities?

� What is your current position and what are your main re-
sponsibilities and objectives?

� What are your personal objectives in relation to reducing PHL?
� What are your personal objectives in relation to sustainability?
� What are your company/organization's objectives in relation to
reducing PHL?

� What are your company/organization's objectives in relation to
sustainability?

� How do you work daily towards meeting those objectives?
What process do you follow and what inputs do you need?
Innovative collaboration within the food supply chain

Information Exchange
� How and with whom do you coordinate your activities? How
and to whom do you communicate your results?

� How would you describe your relationship with other com-
panies/organizations along the FSC? Do you have common ob-
jectives? How do you choose those objectives? How do you
communicate and what kind of information is exchanged?

� Do you give or receive feedback after you sell/buy the product?
� With whom and how often do you communicate with other
participants of the FSC?

� What communication channels do you use to communicate to
other FSC participants

� What kind of knowledge do you exchange? (tacit or explicit
knowledge)

Incentive's alignment

� Do you have shared responsibilities with other participants of
the FSC regarding the quality of the final product?

� Do you have shared goals with other participants of the FSC
regarding the final product?

� What is your main incentive to meet those goals? Is your per-
formance evaluated in relationship to those goals? Is any kind of
compensation linked to meeting those goals?

� Is there a regular assessment of the objectives to meet those
goals?

� What is the reach of your responsibilities along the FSC of the
product?

� Are there incentives for you to be involved in guaranteeing the
quality of the product beyond your own gate?

� When trading with international companies, what kind of dif-
ferences is more evident? (Very evident (2); More or less
evident (1); Non-evident (0).
� To what extent do you consider important to align economic,
organizational and cultural incentives in order to enhance
collaboration? Very important (2); More or less important (1);
No important (0).
� What are the long-term objectives of your company/organiza-
tion regarding the reduction of PHL?

� How does your company/organization define the quality of the
product?

� Does your company/organization follow standardized policies
and definitions to set goals and objectives?

Effective partnerships

� How do you solve problems regarding the quality of your
product? Do you involve other participants of the FSC in the
solution?
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� According to you, which participants along FSC play an impor-
tant role in the reduction of PHL?

� What type of collaboration among FSC participants do you
reckon? is it (formal, informal, short or long term)

� What do you consider to be important pre-requisites to engage
in partnerships?

� Regarding the different parties that you have contact with
regarding the reduction of PHL; how does the partnership
function? How do you enhance each’ others capabilities?Which
procedures are in place to leverage the partnership?

� When you observe partnerships or collaborative arrangements
between different participants of the FSC how would you
describe them in terms of
- Knowledge spillovers
- Learning races between partners
- Difference in opinions regarding the intended results
- Flexibility and adaptability
- Trust between FSC participants
- Mutual respect
- Openness and transparency
- Designation of a qualified representative to manage the
partnership

- Sense of ownership by FSC participants
- Sense of responsibility beyond own gate

Adequate use of technology

� How are shifts planned, task distributed and instructions given
in the field?

� How do you make sure instructions are clearly understood and
followed?
Organization type Country of operations Job

Importer The Netherlands/
Colombia

Prod

Importer The Netherlands/
Mexico

Busi

Importer The Netherlands Team
Importer The Netherlands Man
Importer The Netherlands Sale
Importer The Netherlands Con
Importer The Netherlands CSR
Importer The Netherlands Man
Producer/Exporter Colombia Mem

Avo
Producer/Exporter Colombia Com
Producer/Exporter Colombia Exec
Governmental organization Colombia Secr
Producer Mexico Sale
Producer/Exporter Mexico Sale
Producer/Exporter Mexico Com
Governmental organization promoting international trade Germany/Colombia Inve
Governmental organization promoting international trade The Netherlands/

Mexico
Trad

Growers Association The Netherlands/
Mexico

Man

Growers Association The Netherlands/
Mexico

Orga

Fruit and Vegetables Sorting, Grading, Packing Technology
company

The Netherlands/
Mexico

Man

Knowledge Institution The Netherlands Exp
Knowledge Institution The Netherlands Proj
Knowledge Institution The Netherlands Rese
Knowledge Institution The Netherlands Rese
Knowledge Institution The Netherlands Rese
� Does your company/organization offer training to handlers?
� Does your company/organization use best handling practices?
� Does your company/organization use quality standards?
� Does your equipment fulfill the needs to produce the expected
quality of the product?

� Do you think that the technology at disposition is fully
harnessed?

� What do you think can be done better/differently regarding the
use of the available technology?

� What do you think can be done better/differently in the inno-
vation process of reducing PHL?

� What do you think are key factors to ensure the further success
in reducing PHL?

� To what extent do you implement communication technologies
in the trade of your product?

Closing questions

� Who do you think I should interview next?
� Would you be willing to be contacted later if clarification of this
interview is needed?

� Would you be willing to provide the findings and analysis of this
research with comments?
APPENDIX B. List of interviewees

A. Semistructured interviews
title of interviewee Reference
number

Datum
interview

uct manager 1 30-08-2016

ness Developer 2 04-07-2016

manager fruits 3 05-08-2016
ager Sustainability 4 09-08-2016
s/Purchasing 5 09-08-2016
tinuous Improver 6 11-08-2016
Officer 7 11-08-2016
ager Sustainability and Marketing 8 08-08-2016
ber of Corporation of Producers and Exporters of

cado
9 19-08-2016

mercial manager 10 15-08-2016
utive director 11 18-08-2016
etary of avocado chain 12 17-08-2016
s/Purchasing 13 20-09-2016
s consultant 14 28-09-2016
mercial consultant 15 21-09-2016
stment specialist 16 04-07-2016
e and Investment Commissioner 17 08-07-2016

aging Director 18 22-08-2016

nizational Development manager 19 22-08-2016

ager Customer Services 20 24-08-2016

ert in management studies 21 03-08-2016
ect leader innovation projects 22 08-07-2016
archer of food losses and waste 23 06-07-2016
archer 24 05-07-2016
archer 25 05-07-2016
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