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Abstract
The holistic concept of Food Systems (FS) has emerged as an attempt to tackle the multiple challenges
regarding provision of sustainable and healthy diets for a growing population as described in e.g., the
sustainable development goals. In this report, we focus on one commodity (bananas) in two contrasting
cases: one focused on the banana export system in Costa Rica (CR) (including its exports to the
Netherlands (NL)) and another on domestic supply and consumption in Uganda (UG). Here, we followed
three conceptual frameworks of FS currently used in the literature. Furthermore, power relations
between civil society, private sector and governmental agencies are also taken into consideration. We
hypothesized that analysing the functioning of a particular commodity in a FS context adds value,
compared to the more linear value chain approach, and will lead to better-informed policy, socioeconomic and investment decisions. Our approach sheds light on some parts of the FS concepts that
still need a more profound analysis. If we look at the differences in the presented FS frameworks, we
think it is wise to look at building blocks as was done in this report, rather than trying to tackle the entire,
complex system as a whole.

1. Introduction
Producing enough and good quality food for a growing world population is a continuous challenge. The
road from production to consumption has many obstacles, including uncertain rainfall and decreasing
soil fertility at the start, and unbalanced nutrition and lack of waste recycling opportunities at the finish.
It is important to connect the pieces of this puzzle to be able to identify the possible impact of changes.
A value chain approach has been adopted for some time now, but currently the more holistic food system
(FS) concept gains momentum. Several conceptual frameworks have been developed that try to capture
the FS in an integrated way (Béné et al., 2019; HLPE, 2017; van Berkum et al., 2018). As a FS is always
under pressure, groups of socio-economic and environmental drivers have been identified, that lead the
FS into food security-related outcomes related to availability, access and utilization. Transformation
pathways leading to more healthy diets have to make use of these drivers in a way that makes the
outcomes more positive, in terms of sustainability, resilience, affordability, inclusiveness and etcetera.
The FS has so-called leverage points, where small interventions and investments may have major
positive effects on the FS outcomes. Often, however, there are trade-offs that can benefit one outcome,
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but going at the expense of another one. Ideally, synergies are identified and exploited where several
outcomes stand to gain (HLPE, 2017; Springmann et al., 2018).

Everything eaten by humans forms the basis of the food system. But it also includes inputs used, crop
residues and waste products created in the process leading to consumption and the socio-economic
setting. This makes the approach inherently complex. It is however also possible to single out a particular
crop/commodity, and see what pressures are exerted on it throughout the journey from production to
consumption. Bananas rank next to major food crops such as rice, wheat and maize in terms of global
production (Perrier et al., 2011). It is a key cash-crop in exporting countries, mainly in Latin America,
and a key staple food for over 400 million people (Dale et al., 2017), particularly in the African Great
Lakes region. Moreover, bananas are the most eaten fresh fruit in European and Northern American
countries (BASIC, 2015a) and the most profitable item in supermarkets in the Netherlands (NL) (PLUS
supermarket, personal communication). Bananas are nutritious, convenient and cheap and therefore,
hard to be simply replaced by other fruits in the global market. Bananas are subject to several socioeconomic and environmental drivers that influence the different FS outcomes, positively and negatively.

In this report, the FS approach is analysed for banana, following three FS conceptual frameworks
currently used in literature. We consider two contrasting cases: one focused on banana export (Costa
Rica – the Netherlands) and one on domestic supply and consumption (Uganda). Relevant production,
distribution and consumption-related features are given, and two driver groups are taken on board:
power relations between civil society, private sector and governmental agencies (socio-economic
drivers); and the threat of an import banana disease and climate change (environmental drivers). We
hypothesized that analysing the functioning of a particular commodity in a FS context adds value,
compared to the more linear value chain approach, and will lead to better-informed policy, socioeconomic and investment decisions.

2. Theoretical Framework
The concept of FS can be understood as the gathering of all the elements (environment, people, inputs,
processes, infrastructures, institutions, etc.) and activities that relate to the production, processing,
distribution, preparation and consumption of food, and the output of these activities, including socioeconomic and environmental outcomes (HLPE, 2017). Conceptual frameworks of FS can be useful to
understand FS structure and dynamic (Ruben et al., 2018). FS structure can be understood as the
combination of components, drivers and outcomes, whereas FS dynamic can be understood as the
feedback among the structural elements and the trade-offs and/or synergies likely to occur due to FS
transformations (HLPE, 2017). The components of a FS can be simplified to production, distribution and
consumption of food (Béné et al., 2019), often called the value chain (HLPE, 2017). Furthermore, the
food environment (i.e. availability, affordability, convenience and desirability) (Béné et al., 2019) and
consumer behaviour (i.e. taste, convenience, values, traditions, culture and beliefs) (HLPE, 2017) are
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also taken into consideration. The definitions of what ranks under ‘food environment’ are however not
entirely the same for the three frameworks. It therefore makes it a concept that is somewhat ambiguous.

The conceptualization of FS drivers is not straightforward in the literature. For example, in the conceptual
framework of FS proposed by the HLPE (2017), the FS drivers are divided into five categories: (i)
biophysical and environmental, (ii) innovation, technology and infrastructure, (iii) political and economic,
(iv) socio-cultural and (v) demographic drivers (Fig. 1). Ultimately, these categories can also be grouped
into environmental and socio-economic drivers, such as in the conceptual framework of FS proposed
by van Berkum et al. (2018) (Fig. 2). Some authors follow a different approach to categorize FS drivers.
Béné et al. (2019) use the FS components to categorize FS drivers into: supply drivers (production),
trade drivers (distribution) and demand drivers (consumption) (Fig. 3). Here, unlike the other
approaches, components and drivers are linked.

Furthermore, the conceptualization of FS outcomes is not straightforward in the literature. Generally,
the SDG’s are envisioned as the ultimate outputs, or at least some of them. Béné et al. (2019) clearly
point to the trade-offs and synergies of four explicit FS outcomes (Fig. 3). The HLPE (2017) (Fig. 1) only
mentions nutrition and health outcomes, and van Berkum et al. (2018) (Fig. 2) lumps outcomes together
in food system outcomes, also taking the driver groups as outcomes. Both not explicitly consider tradeoffs and synergies in their frameworks. Béné et al. (2019) is also showing ‘durable effects’ and
‘feedbacks’ which gives the framework a more dynamic ‘systems’ character.

The frameworks are only moderately clear about actors. Where drivers in all cases refer to processes
that steer food system transitions, there is no good place yet for stakeholder groups apart from producers
and consumers. In this context, the role of governments, private sector, and civil society, and the way
they impact on each other (harmoniously or confrontational) has no place yet in the system.
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Fig. 1. The conceptual framework of Food Systems proposed by the High Level Panel of Experts (HLPE)
of the Food and Agriculture Organization (FAO).

Fig. 2. The conceptual framework of Food Systems proposed by van Berkum et al. (2018).

4

Fig. 3. The conceptual framework of Food Systems proposed by Béné et al. (2019)

3. Country cases
3.1.

Countries overview

In this report, we analyse two contrasting cases concerning banana markets. One is focused on export
and includes Costa Rica (CR), as a major banana-exporting country and the Netherlands (NL) as an
important banana-importing/exporting country, while the other is focused on domestic supply in Uganda
(UG), a banana-producing/consuming country (Fig. 4).
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Fig. 4. Overview of the two cases analysed in this report: an export-driven case between Costa Rica
(CR) and the Netherlands (NL) and a local production and consumption-driven case in Uganda (UG).

Costa Rica – the Netherlands
Banana production in CR is characterized by large, monocropping plantations dominated by the
Cavendish variety. Large shipping and storage corporations are involved in packaging and
transporting CR bananas to the global market. The products have to meet strict food safety
regulations set by the major importing countries (the European Union and the United States). The
NL is an important actor in the ripening, auctioning and redistribution of bananas from CR to the
European market. They have to meet high quality standards. The supermarket chains that sell
bananas from CR to consumers are providing the products to the European consumers.

Uganda
Banana production in UG is characterized by smallholder farming systems, where bananas are often
intercropped with coffee, and where farmers have limited access to resources such as fertilizers.
Farmers sell their products at local markets or they are being bought by middle men. Bananas can
also be transported to bigger cities in UG, for consumption and processing (e.g. in the beer industry).
Banana consumption in the Great Lake Region of Eastern Africa is the highest globally (exceeding
200 kg of fresh weight per year) and consumers see bananas (matooke) as their major staple food.
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An overview of banana production indicators in CR and UG is shown in Fig. 5. The harvested area in
CR went from ~25,000 to ~50,000 ha in the nineties. Since then, it decreased slightly and is currently
~40,000 ha. The harvested area in UG spiked in mid-sixties, from ~50,00 to ~150,000 ha and then
dropped to ~100,00 ha in late seventies. Since then, it has been increasing gradually and is currently
~140,000 ha. The area allocated for bananas in both countries represents less than 1% of their territory.
Banana production in CR spiked in late sixties and throughout the nineties and is currently ~3 Mton.
Banana production in UG increased slightly throughout the years and is currently ~0.6 Mton. High
investment in the banana sector in CR enables high productivity in the country, whereas in UG, banana
productivity is constrained by very low yields. Despite fluctuations, most likely caused by adverse
weather conditions, the yields in CR have been increasing throughout the years and is currently ~60 ton
ha-1 yr-1. Conversely, the yields in UG remained fairly constant and very low (~4 ton ha -1 yr-1).

Fig. 5. Banana production indicators in Costa Rica versus Uganda concerning: harvested area (a),
production (b) and yields (c). Source: FAOSTATS.

3.2.

Literature review

In order to gain insight about the banana sector in CR and UG, we conducted a literature search in
November 2019 on Web of Science using the terms ‘banana’ AND ‘Uganda’ and ‘banana’ AND ‘Costa
Rica’. Our literature search resulted in 281 papers for CR and 234 papers for UG. Based on title and
abstract screening, we selected 126 papers for CR and 67 papers for UG that were considered relevant
to our study. Furthermore, we screened these selected papers using the keywords used in the
conceptual framework of FS of van Berkum et al. (2018) (Table 1).
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Table 1. Percentage of papers in our literature review that mention the keywords used in the conceptual
framework of Food Systems proposed by van Berkum et al. (2018) for Costa Rica and Uganda.

Food System elements
Socio-Economic drivers

Food System activities

Environmental drivers

Food System outcomes

Percentage of papers (%)
Keyword
Costa Rica Uganda
Markets
37
43
Policies
28
31
Science and technology
23
34
Social organisations
29
12
Individual factors
7
30
Enabling environment
15
4
Food environment
16
58
Food production
49
88
Food processing
11
13
Food consumption
22
48
Business services
24
1
Consumer characteristics
11
7
Minerals
6
4
Climate
17
43
Water
27
69
Biodiversity
2
24
Fossil fuels
13
1
Land, soils
9
34
Socio-economic outcomes
16
0
Food utilisation
10
3
Food access
4
60
Food availability
44
43
Environmental outcomes
31
1

Costa Rica
Studies dominantly focus on four main topics: plant or soil diseases that affect banana production, the
effect of pesticide use on the environment, the effect of pesticide use on public health and effect of large
monocultures on biodiversity. Apparently, these topics are most important for the banana sector in CR.
This section summarizes the major findings.

The banana sector in CR is economically important for: (i) the government, because the crop contributes
to the national income, but the government also receives taxes per exported banana box of 18.14kg
(OECD, 2010), (ii) civilians, because it generates direct employment to almost 50,000 persons on the
plantations and to 100,000 persons in the supporting industry (e.g., agricultural inputs, transport,
marketing) (Russo and Prado, 2006), and (iii) private sector, because exporting over 99% results in
profits that exceed 1 billion USD (Workman 2020). Wiley (1998) describes the changed market and
trade landscape in 1993 after the European Union allowed non-ACP countries to take a larger share of
the European market. This was also driven by the World Trade Organization. Robinson (2010) described
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the corporate social responsibility (CSR) initiatives in the Costa Rica – United Kingdom banana chain.
There are dominant corporate actors at each end of the chain (i.e. few large agribusinesses and few
supermarket groups) that can steer CSR. CR has been responsive to CSR, but in practice workers are
still forced to meet demanding production schedules. At the same time, retailers keep pushing consumer
prices down, forcing producers to cut costs, which has a negative bearing on working conditions.

The economic interest in the banana sector has its drawbacks as well. Ulloa et al. (2004) reported that
during the 1993–1994 production season, major agricultural sectors (crop and livestock) generated a
total amount of 3.15–3.25 million MT of residues. About 1.56–1.63 million MT of by-products were used
for different purposes (e.g. fertilization, animal feeding, fuel, substrates in greenhouses). However, the
remainder (1.59–1.62 million MT) was discharged into environment causing pollution. About 1.07–1.2
million MT wastes came from major crop systems (banana, coffee, sugarcane and oil palm), whereas
the remainder came from animal production systems (porcine and poultry production, slaughtering). It
was stated that most interesting wastes are rejected green banana and coffee pulp. However, since the
sector went through major changes and waste is reduced and recycled. Bananas are one of the highest
selling fruits worldwide, and for several countries, bananas are an important export commodity.
However, very little is known about banana’s contribution to Climate Change. Svanes and Aronsson
(2013) reported that greenhouse gas emissions of bananas from cradle to retail and cradle to grave and
to assess the potential of reducing greenhouse gas (GHG) emissions along the value chain.

Large, intensive monocropping banana plantations are vulnerable for pests, such as nematodes
(Radopholus similis), whitefly (Aleurodicus dispersus) (Blanco-Metzler et al., 2018) and the black
banana weevil (Cosmopolites sordidus) (Jayaraman et al., 1997; Polidoro et al., 2008) and diseases,
such as Black Sigatoka (Mycosphaerella fijiensis) (Amil et al., 2007; Burt et al., 1999, 1997; Diaz-Trujillo
et al., 2018; Garcia et al., 2010; Marin et al., 1998; Polidoro et al., 2008; Romero and Sutton, 1997;
Smith et al., 1997) and Fusarium Wilt (Fusarium oxysporum f. sp. cubense) (Köberl et al., 2017, 2015).
It is common practice in CR to use pesticides to suppress or eliminate pests and diseases. About half
of the pesticide imports in CR is consumed by the banana industry (IRET, 2009). Pesticides are, in
combination with fertilisers, also used to sustain banana production. About 76 kg ha-1 yr-1 of
agrochemicals (Echeverría-Sáenz et al., 2018) and in 2009, 92 kg ha-1 yr-1 of fertiliser were applied to
banana plantations (FreshFruitPortal, 2013).

The effect of this intensive use of pesticide and fertilisers is studied exhaustively. About 65% of the
selected literature analysed the potentially negative effects of pesticide or fertiliser use for human health
and the environment. Excessive and careless use of pesticides can have detrimental and lasting effects
on soils, neighbouring ecosystems and humans active in the banana sector. CR has, however,
implemented tough environmental regulations and appears highly responsive to complaints and desires
from plantation workers. For exported bananas, regulations are very strict and dictated by bodies such
as European Food Safety Agency (EFSA). These are generally even stricter than local rules (Mendez
et al., 2018). Soil toxicity as a result of persistent use of fungicides in former banana plantations was
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found to damage soil quality beyond repair (Thrupp, 1991), but current regulations in the country would
never lead to such a situation anymore. Many studies were done on the effects of pesticides in bordering
nature areas, including wetlands and fish stocks (Arias-Andrés et al., 2018; Castillo et al., 2006, 2000;
de la Cruz et al., 2014; Diepens et al., 2014; Echeverría-Sáenz et al., 2018; Fournier et al., 2018;
Polidoro and Morra, 2016; Rämö et al., 2018). The picture they paint is not conclusive, but it is obvious
that excessive use of pesticides poses a risk. The effect of short or long-term exposure on human health
can vary from headache to cancer (Ramírez and Cuenca, 2001), and many neurological disturbances
(Mora et al., 2018). Bravo et al. (2007) classified toxicity levels of 27 pesticides which can be an indicator
for the potential health risk of plantain workers. Marquardt (2009) describes the powerful labour
movement in CR and how it managed to put the health threats of pesticide use on the negotiation table.
High production and poor worker safety conditions were seen as an undesirable trade-off. Awareness
on the negative effects of excessive use of pesticides and fertilisers has increased over time. Pesticide
use has been reduced substantially over the past 30 years. Some pesticides have been banned. The
development of Green Chemistry-Based Biocontrol Agents

have low toxicity, recognized

biocompatibility, and a rapid biodegradability (Ureña-Saborío et al., 2017).

Another potential for a more sustainable banana production is the use of different management
strategies (Bellamy, 2013; Segura et al., 2018). Nowadays, there is no structural variation in large scale
banana plantations in Costa Rica (Bellamy, 2013). More variation in banana management strategies
make soil and crop more resilient to pests and diseases. A Sustainable Agriculture Network (SAN) was
established to improve the sustainability of the whole banana food chain. When bananas are certified
by SAN they met the following ten principles: (i) social and environmental management system, (ii)
ecosystem conservation, (iii) wildlife protection, (iv) water conservation, (v) fair treatment and good
working conditions for workers, (vi) occupational health and safety, (vii) community relations, (viii)
integrated crop management, (ix) soil management and conservation and (x) integrated waste
management (SAN, 2010). Bellamy et al. (2016) studied the effect of these sustainability labels, e.g.,
Rainforest Alliance Seal. It turns out that organic farming indeed conserves biodiversity, but that
alternative environmental labels do not have any visible positive effect on on-farm biodiversity.

Uganda
Bananas and plantains are key crops in the Great Lakes area of Africa, with highest per capita
consumption, also being a main source of income for millions of people (Smale et al., 2007). Productivity
of banana farms in UG range from 10 to 20 t ha-1 yr-1 (Wairegi et al., 2010), which is far below the
attainable yield of more than 60 t ha-1 yr-1 (Smithson et al., 2001). Yields are however low due to abiotic,
biotic and socio-economic causes (Karangwa et al., 2016). It was also shown that yields in southwestern area are higher than in central parts and that constraints to production were biotic in the central
parts (pests, diseases) and more abiotic in the south-west (Wairegi et al., 2010). Karangwa et al. (2016)
mapped banana Fusarium wilt in the Great Lake region. About half of the farms had 40% incidence,
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mostly at higher altitudes and in farms aged 10-30 years. Moving to intensive monocultures and
increased productivity and commercial beer production, the disease hits harder. Solutions are raising
awareness on pathogen spreading mechanisms and access to disease-free planting materials, which is
a support government should provide to farmers through extension. Other papers on plant diseases and
pests in UG are on banana streak virus (Harper et al., 2004; Iskra-Caruana et al., 2014; Kubiriba et al.,
2001), Xanthomonas wilt (Blomme et al., 2017; Nakato et al., 2018) and banana weevil (Abera-Kalibata
et al., 2008). Between 1970 and 1990, banana cultivation shifted from central to south-western UG (Gold
et al., 1999). This was mainly due to poor soil fertility and plant diseases. In the south-western region,
management levels and yields are higher, but soil nutrient depletion is still problematic.

There is a plethora of knowledge on the effect of agronomic practices on banana performance, such as
organic matter and crop residue management (Bekunda and Woomer, 1996; Briggs and Twomlow,
2002; Lekasi et al., 1999), functioning of banana in coffee-banana intercropping systems (Jassogne et
al., 2013; Oduol and Aluma, 1990; Rahn et al., 2018; Sebatta et al., 2019; van Asten et al., 2011) and
effects of planting density on soil fertility and nutrient balance (Ndabamenye et al., 2013a, 2013b). A set
of papers also links agronomic practices such as integrated nutrient and pest and disease management
to the reduction of the effects of plant diseases on banana yield, including nematodes (Abera-Kalibata
et al., 2008; Mcintyre et al., 2000; Nankya et al., 2017; Norgrove and Hauser, 2014; Nyombi et al., 2010,
2009; Pender et al., 2004; Smithson et al., 2001; Speijer et al., 1999; Ssali et al., 2003; Ssango et al.,
2004; Ssebulime et al., 2019; Wairegi and van Asten, 2011, 2010). The challenge is in searching
synergies, i.e. in soil fertility management practices that at the same time reduce the effects of pests
and diseases. Potassium fertilization may mitigate drought stress, which is also a synergy. This may be
due to its osmotic adjustment potential (Taulya, 2013). Post-harvest losses are high in the pre-market
phase (15%) and make a case for stronger value chains (Kikulwe et al., 2018). Exporting bananas to
Kampala means immense amounts of nutrients are entering the city but the waste is not returned to the
field. A good example of a potential synergy is that UG’s banana industrialization is rural based with
limited technical knowledge and economic capability for drying banana fruit pulp. Anaerobic digestion is
a waste-to-energy strategy that is the most feasible for solving the energy scarcity and waste burden in
banana industry (Gumisiriza et al., 2017).

Climate change policies in UG do not seem to trickle down from national to local level. Local communities
are not involved. Local action cannot be expected unless levels and actors are connected (Ampaire et
al., 2017). Yield losses due to drought were recorded (10% loss on every 100mm decrease of rainfall),
also showing that areas with lower average rainfall are the most vulnerable during a dry year (van Asten
et al., 2011a). Potassium is an important nutrient in banana production and can cause substantial yield
increases. At the consumption level though, patients suffering from chronic kidney disease have a too
high K intake by overeating banana. Boiling is needed to reduce this (Asiimwe et al., 2013). A diet
dominated by banana can also lead to Zn and Ca-deficiency, which should be repaired by adopting
crops such as Amaranthus and soybean (McIntyre et al., 2001).
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A substantial set of papers discusses farmer’s preferences for hybrid varieties, local adaptation,
technology acceptance (Akankwasa et al., 2013; Edmeades et al., 2008; Gold et al., 1999; Mulugo et
al., 2019; Ndabamenye et al., 2012; Sanya et al., 2018; Van Asten et al., 2010). It implies that farmers
are not just taking on board what is suggested by research. The government to society power relation
here is that convincing extension messages and good product outlets help in speeding up innovation
and technology acceptance. This also holds for acceptance and success of genetically modified (GMO)
bananas (Addison and Schnurr, 2016; Dauwers, 2007; Kilwinger et al., 2019; Niere et al., 2014;
Nowakunda et al., 2015; Ortiz and Swennen, 2014). Plant-disease surveillance with participatory
geographic information systems (GIS) between farmer and scientists could also help if governments are
ready to provide this service (Nakato et al., 2016). Productivity gains are often higher than price gains
in the rural area, but it is the other way around for well-organized farmers that live close to markets
(Komarek, 2010; Komarek and Ahmadi-Esfahani, 2011). The private sector and society power relation
hence is farmer organization and proximity to markets.

3.3.

Drivers of Food Systems transformations

The relative importance of different FS drivers is not always thoroughly discussed in the literature. Béné
et al. (2019) reported that the lack of clear definitions, strong cross-correlation among drivers and the
lack of conceptual precision hamper the identification of key drivers of FS transformations. These
authors carried out a literature review on FS drivers and identified twelve principle drivers that are likely
to offer a more robust basis for further analysis and intercomparison. In Table 2, we present these drivers
and their expected or observed transitions and transformations applied to the Costa Rican and Ugandan
situations. It turns out that all drivers are relevant, making the Béné et al. (2019) approach useful.

Table 2. Present and key drivers and their observed or expected impacts on food systems for Costa
Rica and Uganda based on Béné et al. (2019).
Food system
components

Present and future key drivers of
the food systems

consumption / [1]
demand
[2]
[3]

population growth

[4]

growing attention paid to diet and
health issues

more than linear growth; consumer
concern on production conditions
cheap food = low income elasticity,
little influence
linear increase in production - but to
other continents
• expected decrease in the prevalence of marketing as healthy food in importing
diet-related non-communicable diseases
countries; health concerns in CR
(papers)
• increase in per capita agricultural outputs

climate-change - progressive increase
in (a) air temperature (b) frquency and
intensity of extreme events

• expected decrease in agricultural
production of several key crops

[8]

general degradation in soils and agroecological conditions(1)

• increase in the capacity of small and
medium size producers to engage in
national and international food systems

[9]

improved access to infrastructure (e.g.
power grid, roads) and information

[6]

[7]

[10] trade policies and all the other
processes facilitating or mitigatin
trade expansion
[11] internalization of private investiments
[12] growing concerns for food security

Costa Rica

• increase in demand for (ultra)-processed
food
• increase in demand for animal-based
protein
• increase in overall demand for food

technological innovations (mechanical,
irrigation, plant breeding,
management of inputs, or access to
knowledge)
intensification and homogenization of
the agricultural sector

[5]
production /
supply

distibution /
trade

urbanization and related changes in
life style
raise in consumer's income

Observed and/or expected transitions
or transformations of the systems

• general degradation in soils and agro(1)
ecological conditions

Uganda
less than linear if urban population moves
away from plantain
staple cheap food = low income elasticity,
little influence
more than linear increase in production for
African market
overconsumption poses health risks

new Fusarium-resistant varieties key
priority (evidence from past)

taking banana production to higher
professional levels (SouthWest does this
better than Central)

production factors crucially important,
limitations in environmental effects

major problems as to soil fertility
management, use of HYVs, drought stress,
pests and diseases

adaptation to lower/higher rainfall, and
extreme events/years

adaptation to lower/higher rainfall, and
extreme events/years

input pressure affects neighbouring
ecology (papers)

lack of inputs further decrease production
potential; INM/IPM crucial

backbone for the proper functioning of
the banana value chain

essential for farming communities to take
stronger position in the food system

• "globalization" of the food trade increase CO2 tax on oversees transport affects
sector (past: WTO ruling worked
positive)
• in demand for food quality and safety
is already the case - few companies
standards
lead the sector
• "supermarketization" of food systems
companies are sharp on export norms,
standards, but less at home

not relevant, but in future Uganda may have
to be a more important exporter in Africa
small trader system may develop into larger
professional companies
food safety issues in local production consumption sector will gain importance as
urban middle class develops
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The advantage of this approach is that Béné et al. (2019) use both observed and expected transitions
and transformations. This also allows to separate the discussion on leverage points into a group of past,
evidence-based (response to TR1 outbreak; response to lifting trade bans), and a group of future,
probability- or preparedness-based (TR4?, climate change?, changing urban food preferences?). As
these drivers are all really dynamic and change-oriented, it allows comparison of the entire array of
issues in the production – trade – consumption suite.

3.4.

The banana disease TR4 as a present and future key driver of the banana

system
Production-related drivers in Table 2 include general degradation in soils and agro-ecological conditions,
but also technological innovations. A combination of these two refers to a major banana disease known
as Tropical Race Four (TR4). In the 1950s, banana plantations in South America were wiped out due to
a disease caused by a soil-borne fungus (Fusarium oxysporum f. sp. cubense (Foc-Race1). This
became known as Panama disease or later Fusarium Wilt. These plantations were dominated by the
Gros Michel variety, which was suitable for monoculture propagation and long transport routes (FAO,
2019). In order to overcome the losses, banana exporters switched to the Race 1 resistant Cavendish
variety, which is currently the main variety grown in plantations in large banana-exporting countries,
such as CR. It is estimated that total losses to trade in Gros Michel bananas amounted to a current
equivalent of USD 2.3 billion (FAO, 2019). Race 1 was the causal agent of the devastation under the
Gros Michel cultivars but remains to give problems in Africa and other parts of the world. The disease
has been evolving since then and currently includes three races and 21 vegetative compatibility groups
(Groenewald et al., 2006).

Even though Cavendish bananas were resistant to Race 1, this variety is susceptible to another Race
of Foc known as Tropical Race Four (Foc-TR4), which is the most destructive and attacks most cultivars.
This imposes a major threat not only to the economy and livelihood of banana-exporting countries, but
also to the global trading and consumption of bananas. For this reason, the Food and Agriculture
Organization (FAO) is warning banana producing countries to step up monitoring, reporting and
preventing the arrival of this major threat. Since 2011, alarming news has spread about the disease
threatening the global banana production: “The Beginning of the End for Bananas?” (Koeppel, 2011),
"Devastating" fungus may mean end of days for top banana (Picchi, 2013), “Fungus threatens top
banana. Fears rise for Latin American industry as devastating disease hits leading variety in Africa and
Middle East” (Butler, 2013), and “Has the end of the banana arrived?” (Koeppel, 2014). The origin of the
alarming news, 20 years after the initial detection of TR4 and the recognition of its highly virulent
character, is surprising. The global spread receives significant attention (Poelarends, 2013; Blomme et
al., 2013; Molina et al., 2009). In Latin America, the fear for a repetition of history is feared and it receives
ample attention (Stokstad, 2019). However, at the same time reports can be found that seem to ignore
the menace of the disease like the 10-year strategy for the banana sector in Africa that does not mention
TR4 (Beed, 2011). The two countries that are the focus of this study are in a similar situation with respect
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to Fusarium wilt. Most soils in the two countries are infected with Race 1, but there are no cases reported
on TR4. However, both countries do have a single confirmed case close by. TR4 has been detected in
several countries in Asia and also in Africa (Mozambique). Despite the efforts to prevent TR4 to reach
South America, the fungus was detected in Colombia in 2019 (Garcia-Bastidas et al., 2019). Given the
economic and social importance of banana plantations in the region, the arrival of TR4 imposes a major
threat to other Latin American countries, such as CR.

It has been suggested that TR4 may cause even greater losses than Race 1 given the current annual
value of production for export and the importance of Cavendish bananas (FAO, 2019). Once the land
has been infected, managing the disease can be extremely challenging and costly, which imposes a
particular threat to the livelihoods of smallholder banana producers. A TR4-resistant GMO Cavendish
banana is available (Dale et al., 2017). However, factors such as the quality of the fruit, its acceptance
in the international market and the costs of switching whole plantations to this resistant variety are still
uncertain. Siamak & Zheng (2018) reported that besides genetic engineering, management practices
such as livestock integration may be useful to fight TR4. The arrival of TR4 affects not only the economy
and livelihood in banana-exporting countries in South America but may also impose a major threat to
food security in Eastern-African countries – such as UG – where banana is an important staple food.
Despite the threat, Eastern-African banana varieties are reported to be less vulnerable to TR4 compared
to the Cavendish variety (Molina et al., 2016; Scheerer et al., 2018). Scheerer et al. (2018) estimated
the risk of introduction of TR4, the rate of internal spread and total loss of production area in key bananaproducing countries. Even though CR and UG produce different varieties of bananas (i.e. Cavendish
AAA in CR and East-African AAA varieties in UG) in very different production systems (large
monocropping systems in CR and small intercropping systems in UG), the authors reported that both
CR and UG fell under risk category 3 for the introduction of TR4 (disease reaches the country within 10
years). Moreover, the rate of internal spread was estimated to be ‘low’ for both countries. Therefore, it
has been estimated that only 2% of the productive land would be lost after 10 years of TR4 arrival in CR
and UG. Globally, the projected loss of production area is estimated to cause 240,000 banana workers
to lose their jobs and the countries that would suffer the most would be China, the Philippines, Pakistan,
Vietnam (in Asia) and Mozambique and Tanzania (in Africa). The negative impact of TR4 in these
countries may in fact offer an opportunity for unaffected countries to thrive, most importantly large
banana exporters in Latin America, such as CR.

3.5.

Climate change as a present and future key driver of the banana system

Bananas are grown throughout the (sub-)tropics under a wide range of agro-ecological conditions
(FAOSTAT). This shows that the crop is rather versatile and does not have very strict ecological
requirements (see e.g., ECOCROP1). Theoretically, this would make the crop less susceptible to climate

1

www.ecocrop.fao.org
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change and perhaps even an excellent candidate for climate smart agriculture. Varma and Bebber
(2019) show that in the past decade climate change may have resulted in a minor increase of production
but that with the future predictions for climate change production is likely to decline. Calberto et al. (2015)
also conclude that by 2070 land area suitable for bananas will increase by 50%. Sabiiti (2018) show
potential positive effects, but with different regions. However, the above studies mostly focus on the
changes in mean temperatures and annual rainfall. As soon as studies take a more integrated approach
(including weather variability, pest and diseases, the integrated cropping system) a different picture is
presented. Wichern et al. (2019) predict declining suitabilities for banana in UG. Mitra (2018) also
presents a global decline in productivity.

The main difference to other drivers is that the changes in climate are relatively slow rather than abrupt
shocks like the arrival of a disease. In UG, farmers will mostly adapting to climate change by changing
the relative importance of the various crops in the mixed farming system. This may lead to a relative
increase of banana due to its tolerance to different environmental conditions. In CR, the plantations are
adapting the production system (e.g., drainage, fungicide and fertilizer use, and irrigation) to adapt to
the new system. Particularly in CR with the very high production levels, the system is more sensitive to
climate change and weather variability already leads to increased production costs.

3.6.

Power relations

Most current conceptual frameworks of FS highlight the added value of shifting from a linear approach
solely focused on the value chain to a more holistic approach, where drivers, feedbacks and synergies
and trade-offs of outcomes are taken into consideration, but all to different degrees of importance.
However, these conceptual frameworks of FS still lack a clear assessment of governance, i.e., power
relations among actors (i.e. civil society, private sector and governmental agencies) that will ultimately
shape the transformation pathways via social movements, business innovation and policy interventions.
Decisions made by one actor have implications to the others and are likely to cause cascade effects
that affect the entire FS. Therefore, a more structured assessment of power relations is proposed here.

Power relations can be analysed in many different ways. Examples of tools and techniques for analysing
power relations are Powercube, PowerHouse, Power Matrix, Peeling the Onion, Ethnographic research
methods and Action Research and Participatory Research methods (SIDA, 2013). In this report, we
used the power definitions proposed by Avelino (2017) and Partzsch (2017) to explore the power
relations in the banana systems in our two cases. In this approach, the role of power relations in shaping
FS transformations is analysed and evaluated by taking into consideration five aspects: (i) system
boundaries, (ii) structures and norms, (iii) actors and network (iv) politics and contestation and (v)
outcomes.
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In the first step, the boundaries of the banana systems of CR and UG were formulated. This step is
helpful to formulate geographical boundaries as well as socio-economic boundaries. Moreover, it is
helpful to think about leverage points that caused a transition in the banana value chain. The second
step dives deeper into the structures and norms around the banana value chain. It includes the
formulation of socio-cultural identities, social hierarchies, power imbalances and political contestations,
but it also includes the way power is used (e.g., direct, indirect or destructive), the way actors are
represented in the banana value chain, and the strategies that actors used for contestations and
strategies of actors for contestations are included. In the third step, the relations between stakeholders
need to be described, which helps instigating awareness on the perspective of different stakeholders
(e.g., reinforced, innovative or transformative) and how they access each other (e.g., privileged, invited,
claimed). The fourth step is helpful to formulate the power of public authorities, companies, and citizens.

In addition, we used the societal triangulation (i.e. civil society, private actors and governmental
agencies) proposed by Czischke et al. (2012) to visualise power relations. Power can be gained through
different sources, such as, formal power, coercive and reward power, and information and expert power.
Different stakeholders use different power sources, and therefore we formulated the power relations
below the societal triangles. In Table 3, we present the mapping of the actors in the societal triangulation
proposed by Czischke et al. (2012) for our two cases. The relationship among these actors dictates the
current functioning of the banana markets in these countries and will ultimately shape the transformation
pathways via social movements, business innovation and policy interventions. The societal triangulation
proposed by Czischke et al. (2012) is presented in Fig. 6. and Fig. 7, for the CR-NL and UG cases,
respectively.
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Table 3. Mapping of the actors in civil society, private sector and governmental agencies in the Costa
Rica – the Netherlands and Uganda cases.
Civil Society (S)
Private sector (P)
Governmental agencies (G)

Costa Rica (CR)
The Netherlands (NL)

Social and

Banana companies

WHO, EU (trade

environmental

International banana

agreements, food safety

NGOs in CR and

networks and lobby

regulations)

NL

organizations

National government (CR

Estate worker

Shipping companies

and NL)

and workers in

Storage and ripening

transport sector

companies (CR and

(CR)

NL)

Urban consumers

Input suppliers (CR)

in NL

Financial services
Auctions (NL)
Retail sector (NL)

Uganda (UG)

Rural and Urban

Farmers and farmer

National government

consumers

organizations

Local government

NGOs

Input suppliers

East African Community

Religious

Transporters

Organizations

Distributors
Market and Financial
services
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Fig. 6. Societal triangulation (Czischke et al., 2012) encompassing civil society (S), the private sector
(P) and governmental agencies (G) for the Costa Rica – the Netherlands case. Description of the power
relations indicated by the numbered arrows are described below:
1. G wants to keep S healthy, economically and physically. G (NL) promotes fruits as part of
healthy diet.
2. S wants to stimulate G for policies or action on decent working conditions (CR) and yes/no to
GMO bananas (NL).
3. S (NGO) criticizes P and tries to influence the decisions of P on working conditions in plantations
(CR and NL). S (NL) demands high product quality, niche for organic bananas and alternative
fruits.
4. P influences price setting, marketing, seduction of supermarkets buyer (NL), job opportunities,
wages, labour conditions and unions. P tries to prove the (in)correct conclusions of S (NGO) by
funding research, and P illustrates with a lot of publicity the actions they take to (partly) meet
the action points of S (NGO).
5. P requests low taxes and support towards effects of diseases/climate change on production. P
(NL) asks for permission to import GMO P is funding research and is informing G about results.
P and G have synergies economically. People from P have positions in G.
6. G (including EU) makes legislations and regulations that P needs to implement (imports,
corporate social responsibility, certification, product quality, CO2-taxes on overseas transport
e.g. CR-NL).
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Fig. 7. Societal triangulation (Czischke et al., 2012) encompassing civil society (S), the private sector
(P) and governmental agencies (G) for the Uganda case. Description of the power relations indicated
by the numbered arrows are described below:
1. G is responsible for food security to S. G acknowledges the need for healthy diets to S by making
action plans (e.g. regulations/facilitation and food aid in case of shortfall). These action plans of
G need to be implemented by S.
2. S depends on G in terms of food security. S (through NGO) calls attention regarding GMO
adoption, requests incentives for production and provide extension. S can put G under pressure
(e.g. strikes, food shortages).
3. S has a certain demand for bananas that can be obtained through P. S demands adequate
supply of good quality seedlings and selling points.
4. P guarantees supply of bananas (and banana products) that is wanted by S.
5. P informs G and ask for help to combat threats that make the banana value chain ineffective. P
can put G under pressure (e.g. crop failures).
6. G makes decisions that need to be implemented by P in order to make sure that the input supply
and product distribution is adequate. G also supports modernization and innovation of P.
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Two power-related issues can serve as an example. In 2015, the Bureau for Appraisal of Social Impacts
for Citizen Information (BASIC) reported that for each euro that a Dutch consumer pays for one kilo of
bananas, a worker in CR receives only 0.08 cents, whereas a Dutch retailer receives 0.42 cents (BASIC,
2015b) (Fig. 8a). According to BASIC, this configurates an ‘unfair’ situation. By using the word ‘unfair’,
BASIC gives an emotional interpretation to certain facts, standing up against big producer companies
and retailers. And does the 10% that workers receive in banana-producing countries represent a decent
living income? By doing so, BASIC exerts pressure on public opinion, which may then lead to changes
in the distribution of the earnings in the value chain. Fig. 8b and Fig. 8c however show that these
differences are not exclusively the domain of the banana value chain.

Fig. 8. (a) Banana value breakdown, (b) Pineapple value breakdown and (c) Consumer and Producer
prices for selected items in Dutch supermarkets.
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As a result of pressures such as the one exerted by BASIC, supermarkets indeed respond. Bananas
are an important item in Dutch supermarkets (Fig. 9a) and in order to tackle this issue, Dutch
supermarkets formed a league aiming at reducing the living wage gap in banana-producing countries
by 2025 (Fig. 9b).

Fig. 9. (a) Banana import and export values in the Netherlands between 2008 and 2018 and (b) Overview
of the Dutch league of supermarkets aiming at solving 75% of the living wage gap in banana-producing
countries until 2025.

4. Discussion and Conclusions
The approach followed sheds light on some parts of the FS concepts that still need a more profound
analysis. Comparing the three frameworks, major differences are in description of components and
drivers and linkages between them, definition of the food environment, explicitness in the
goals/outcomes that are subject to trade-offs and synergies, and degrees of adoption of dynamic
features (such as feedbacks) that are closer to system thinking theory. It was decided to mainly follow
the most recent framework of Béné et al. (2019). It has the clearest description of what makes a food
system driver, and the transitions it leads to.

Moreover, the three frameworks do not explicitly show the fate of banana waste, which is certainly
important to address for a more circular economy. All along the value chain, waste occurs. In the
recipient country, bananas can become ‘waste’ when they are perfectly edible, but some dark spots may
render them unattractive for the public. Generally, waste can be partitioned in recycled and nonrecycled. If non-recycled, it can become a nuisance to the environment. If recycled, it may be to reduce
its pollutive effect, or it has a new life as an animal feed, or as a source of bio-energy. Waste can be an
important negative component of banana system outcomes if it pollutes the environment: it is then a
trade-off between profitability and sustainability. When it is turned into animal feed or bio-energy
however, its effect can be synergistic.
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The main backdrop of the approach followed in this report is the fact that it concerns just one
crop/commodity. This is nowhere near an entire FS. Therefore, it is not possible to compare the FS
outcomes, and rank on ‘healthy, safe, sustainable, resilient, affordable, inclusive, efficient’ in a
comprehensive way. Banana is a healthy product, but diets containing larger proportions of staple foods
(including bananas) are also associated with greater likelihoods of both stunting and wasting in Ugandan
children (Amaral et al., 2017). It has to be safe when imported into the European Union, but
contaminants are a concern when it comes to local consumption. The sustainability and resilience
depends on the way the resource base (e.g. soil fertility) is treated, and whether persistent droughts and
disease outbreaks can be countered. Off-site effect on bordering natural areas can however undermine
sustainability, and so does unabated soil nutrient mining, using dirty fuels during ocean transport, and
the dumping of banana waste products. Affordability would include striking the balance between both
company and supermarket profits and consumer prices. For a staple crop in UG, this is different from a
fruit that can easily be interchanged for another fruit in the NL. Inclusion implies gender and youth having
a decent share in both employment and consumption, but also covers the wages and employment
conditions of workers. But a full-fledged quantification or inclusion in a FS index spider diagram would
be too ambitious at this stage.

If we look at the differences in the presented FS frameworks, we think it is wise to look at building blocks
as was done in this report, rather than trying to tackle the entire, complex system as a whole. We focused
on one commodity, on two entirely different production systems and value chains, on two major drivers
when it comes to observed and expected transitions or transformations in the national and global banana
sector, and on concrete actor group relations that go beyond 'socio-economic drivers' or 'food
environment'.

The approach also allows some useful comparisons that may not come out of a full-fledged FS analysis.
Apart from comparing two entire different banana production systems compared, the following issues
also come to the fore:
•

What is the impact of TR4 disease outbreaks elsewhere for the CR banana industry (this may be a
positive feedback for the country, particularly if it also leads to price increases)

•

Which alternative fruits would people eat in the importing countries if banana faces a sudden drop
in supply (due to, for example, disease outbreaks or droughts/floods/low temperature)?

•

What would be the fate of tropical fruits in case a CO2-tax is inflicted on overseas transport?

•

Is there, given the expected population growth in Africa, an export market ahead for the banana
sector in the Great Lakes region (i.e. UG)?

•

How linear or non-linear will banana demand follow population growth and urbanization?
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