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4 Summary  
Agriculture has been characterized by 100.000 of years of human interventions of natural 
ecosystems. The industrial revolution increased the rate of changes within the field of 
agriculture and intensified the production process, leading to a loss of biodiversity in natural 
habitats, but also in agro-ecosystems.  
The term biodiversity got worldwide attention as part of the Convention on Biodiversity 
(CBD) of the United Nations in 1992. Nations worldwide were urged to slow down 
biodiversity loss and create management actions to conserve biodiversity. The convention 
also included agrobiodiversity via the “Aichi Biodiversity Target 13” which stated the goal of 
diminishing the genetic erosion of economically important crops by 2020. However, this goal 
has to this date not been translated into an operational policy paper. 
Therefore, the present master dissertation tries to set up a conservation management by 
applying a value-based conceptual framework to conserve tropical fruit crop species’ 
diversity. The native Central American tropical fruit Annona cherimola was used as a model. 
The framework of Wallace (2012) was chosen to study those values that rural communities 
place upon the diversity of A. cherimola and how these values can motivate them to 
conserve and use the existing diversity. Furthermore, pomological data was collected to 
determine the phenotypical diversity within the communities.  
This study was conducted in the Los Santos region in Costa Rica after earlier research by 
van Zonneveld et al. (2012) revealed Central America as the centre of origin of A. cherimola.  
This master dissertation revealed that the value-based conceptual framework of Wallace 
(2012) to set up a conservation strategy is a good base when striving to create a community 
based biodiversity conservation management for tropical fruits like A. cherimola. The main 
advantage of this framework is its clear step-by-step structure that allows and requires a 
high level of participation of the local actors to create sustainable management actions. The 
framework should not be considered as a rigid frame, but should be adapted to the 
characteristics of the researched plant (cultivation status, market, etc.) and should be 
tailored to the local actors.  
The pomological data showed the importance of this region as area to conserve A. 
cherimola, based on the high phenotypical diversity.  
The method used in this master dissertation can be applied in other regions within Central 
America for other native fruit trees when aiming to create a conservation management based 
on a participatory value-based approach.  
 
Furthermore, this research lists 20 management actions to conserve agrobiodiversity of 
which some can be implemented within future agrobiodiversity conservation projects, if 
tailored to the local community and circumstances.  
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5 Samenvatting 
Landbouw heeft een lange geschiedenis gekarakteriseerd door 100.000 jaar menselijke 
interventies binnen natuurlijke ecosystemen. De industriële revolutie bracht landbouw in een 
stroomversnelling, resulterend in o.a. de intensificatie van de productieprocessen. Dit leidde 
tot een verlies aan biodiversiteit binnen natuurlijke habitats en agro-ecosystemen.  
De term biodiversiteit kreeg wereldwijde aandacht naar aanleiding van de Conventie over 
Biodiversiteit (CBD) van de Verenigde Naties in 1992. Landen werden aangespoord om het 
verlies aan biodiversiteit te vertragen en managementacties in te voeren om biodiversiteit te 
behouden. De conventie zette verder agrobiodiversiteit in de kijker via de "Aichi Biodiversity 
Target 13", welke streeft om de genetische erosie van economisch belangrijke gewassen 
tegen 2020 te verminderen. Deze doelstelling is echter tot op heden nog niet vertaald in een 
beleidsnota. 
Deze masterproef tracht een conservatiebeheer voor te leggen gebaseerd op een 
conceptueel kader vertrekkende vanuit de waarden die mensen geven aan biodiversiteit met 
als doel het behoud van intraspecifieke diversiteit van tropische fruitsoorten. Voor deze 
masterproef werd de inheemse Centraal-Amerikaanse tropische vrucht Annona cherimola 
werd als model gekozen.  
Het conceptueel kader van Wallace (2012) werd geselecteerd om via participatief onderzoek 
de specifieke waarden te bestuderen die plattelandsgemeenschappen verbinden met A. 
cherimola. Daarna werden aan de gevonden waarden conservatie maatregelen gekoppeld 
die een breed draagvlak genieten voor het behoud van de diversiteit van A. cherimola.  
Daarnaast werden pomologische gegevens verzameld over de vrucht om de fenotypische 
diversiteit van A. cherimola binnen en tussen de gemeenschappen te bepalen. Deze studie 
werd uitgevoerd in de regio Los Santos in Costa Rica nadat eerder onderzoek door van 
Zonneveld et al. (2012) uitwees dat A. cherimola zijn oorsprong vindt in Centraal-Amerika.  
We concluderen dat een op waarden gebaseerd conceptueel kader (Wallace, 2012) een 
goede basis vormt bij het opstellen van nieuwe conservatie strategieën om agrobiodiversiteit 
te beheren in samenwerking met de lokale gemeenschappen. Het belangrijkste voordeel van 
dit kader is de duidelijke, stapsgewijze structuur die actieve participatie van de lokale 
actoren toelaat. 
De pomologische gegevens onthulden een hoge fenotypische diversiteit van A. cherimola, 
wat dit tot een interessante regio maakt voor het invoeren van een 
biodiversiteitsmanagement. 
We veronderstellen dat het toegepaste kader van Wallace (2012) ook in andere regio's in 
Centraal-Amerika kan worden gebruikt om conservatie strategieën op te stellen voor andere 
inheemse fruitbomen.  
 
Ten slotte lijst dit onderzoek 20 verschillende maatregelen op om agrobiodiversiteit te 
behouden, waarvan sommigen kunnen worden geïmplementeerd in toekomstige 
agrobiodiversiteitsprojecten, indien ze uiteraard worden aangepast aan de lokale 
gemeenschap en lokale omstandigheden. 
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6 Introduction  
Agrobiodiversity of Central-American fruit trees is decreasing in the last decades. 
Current conservation status of these plants is at this point often unknown. Pests, 
climate change, land-use change and neglect by farmers have decreased genetic 
resources of some Central American fruit tree species. At this point no strategy is set 
up to cope with this decrease in agrobiodiversity at an on-farm level.  
 
The aim of this master dissertation is to test the applicability of a value-based 
conceptual framework for management of tropical fruit crop species’ diversity 
conservation. The native fruit species Annona cherimola will be used as a model. 
The conceptual biodiversity management framework of Wallace (2012) was used to 
study the values that rural communities adhere to A. cherimola trees and how these 
values motivate them to conserve and use A. cherimola diversity. Earlier research on 
A. cherimola’s genetic diversity identified Central America as a diversity hotspot and 
most probably as A. cherimola’s centre of origin. 
This thesis will propose a management plan to decrease the genetic erosion of A. 
cherimola.  
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7 Literature review 

7.1 Agricultural biodiversity 

7.1.1 What is agricultural biodiversity 
This thesis deals with the conservation of agrobiodiversity. Agricultural biodiversity covers all 
biological diversity within agricultural ecosystems. Agricultural ecosystems are based on a 
variety and variability of animals, plants and microorganisms, and or often referred to as 
agro-ecosystems (CBD, 2018). Central American countries are a source of diversity of many 
globally important tropical fruit tree species and wild relatives. These species do not only 
enhance both household income and national revenue, but also are a source of 
supplementary food and basis for a healthy diet. Within the natural ecosystem and 
agroecosystems these tropical trees take on the role of providing shade, host and food 
source for pollinators, conserving the soil organic matter, enhancing the nutrient recycling, 
food for wild fauna and retaining water. The variation and variability can be observed at 3 
different levels: the genetic, species and ecosystem level (Sthapit et al., 2012).  
Agrobiodiversity is created by the interaction between genetic resources, environment and 
management systems and practices used by farmers. Because people shape and conserve 
biodiversity, local knowledge and culture has to be integrated within the concept of 
agrobiodiversity (CBD, 2018).  

7.1.2 Interspecific vs. intraspecific agrobiodiversity 
Within the concept of biodiversity, interspecies crop genetic diversity can be distinguished 
from intraspecies crop genetic diversity, which entails different conservation systems (Di 
Falco et al., 2003). 
Interspecies crop genetic diversity is the genetic diversity between species. Interspecies 
diversity is installed on farms by farmers allocating land among different species within the 
agroecosystem (Di Falco et al., 2003).   
Interspecies crop genetic diversity is positively correlated with the mean income of a farmer 
and negatively with the variability of the income. This can be explained by the fact that 
different crops can react differently to climatic and other environmental conditions. Yield 
variability will be lower than for individual cropping systems. High interspecies crop diversity 
decreases the chance of absolute crop failure and increases stability of yield and income. If 
farmers grow different crops, the profit can be maximized under uncertain environments. 
Different crop species have different nutrient and water requirements, which can make them 
compatible to grow close to each other. It can also decrease the spread of pests, because 
the pest cannot feed on one of the 2 crops or one of them can be used as a repellent or trap. 
These benefits will cause a higher yield when choosing intercropping systems compared to 
single crop species systems caused by the allelopathic effects of crops or via reduced 
densities of pests in mixed stands of crops. The ability of pests to spread in a field increases 
if genetic basis of the crop is the same. An example of intercropping is the use of 
leguminous plants with cereal crops; where the leguminous plant will make more nitrogen 
available to the cereal crop, which can increase yields when no other fertilizers are available 
(Di Falco et al., 2003).  
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In Central America, the ‘milpa’ system uses various varieties of beans intercropped with 
maize (Zea mays L.) and squash (Cucurbita spp.), to complement each other nutritionally 
and environmentally. Intercropping and the use of interspecies crop genetic diversity can 
have different goals as mentioned before and can be seen as a provider of ecosystem 
services which are defined as ‘benefits people obtain from an ecosystem’. These ecosystem 
services provided by interspecies crop genetic diversity can include food, water, timber, 
fibre, climate mitigation properties, regulating diseases, recreational value, etc. (Bioversity 
International, 2017).  
Intraspecies crop genetic diversity refers to the diversity within species. It can manifest itself 
as a different degree of tolerance or resistance against pests, environmental stress factors, 
or differences in biomass production and yield between different individual plants of the 
same crop species. Intraspecific diversity is crucial for species’ adaptation to environmental 
changes (Paz-Vinas et al. 2017). Because of decreased vulnerability to environmental stress 
factors, intraspecific diverse cropping systems can also increase the income (Di Falco et al., 
2003). Also the synergy of different varieties can improve pollination, control pests, and 
reduce soil degradation (Bioversity International, 2017).  

7.1.3 Agricultural biodiversity as tool for sustainable agriculture 
Biodiversity is the basis of our current farming systems, influenced by 100.000 years of 
human intervention (CBD, 2018).  
Bioversity International (2017) analyzed the 4 major drivers, which have influenced and will 
keep influencing our food system and agrobiodiversity: “Demography”, “Climate change”, 
“Depletion of natural resources” and “Food and nutrition changes”. By 2050, more than 9 
billion people will live on our planet of which more than 1 billion will live in Africa. Global 
middle class will double already by 2030, which will change global dietary preferences. This 
change in demography will increase the demand of resources, which is expected to result in 
the natural resources depletion. Next to these demands, climate change alters the conditions 
in which we farm with increasing temperatures, changing rainfall patterns and extreme 
weather events. Climate change is estimated to reduce crop yield and increase animal 
diseases especially in low- and middle- income countries. By 2050, food prices could 
increase by 84 % in the latter regions. Furthermore, climate change can affect food quality 
(lower levels of zinc, iron and protein), pollination, and soil quality (Biodiversity International, 
2017). 
CBD (2018) mentions an extra driver, which influences food systems and agrobiodiversity, 
namely “science and technology”. This driver helped us in the past to match the increasing 
demand with increasing the supplies by intensifying agriculture. Modern agriculture 
nevertheless resulted in homogenization of agricultural production, through intensification, 
which has had a big impact on agrobiodiversity. Over the past few decades, 90 % of our 
food energy and protein intake is derived from only 15 plant and 8 animal species. Moreover, 
50 % of the global plant-based energy is obtained from only 3 plant species: wheat, rice and 
maize. This has increased the genetic erosion of other agricultural crops and has also 
increased the loss of non-agricultural biodiversity (CBD, 2018).  
 
Using agricultural biodiversity to create a more sustainable food system is a concept with 
various definitions. In 2014 at the High Level Panel of Experts on Food Security and 
Nutrition (HLPE) of the UN Committee on World Food Security (WFS) of the Food and 
Agriculture Organization (FAO) sustainable food systems were defined as “a food system 
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that delivers food security and nutrition for all in such a way that the economic, social and 
environmental bases to generate food security and nutrition for future generations are not 
compromised”. Using agricultural biodiversity was further described as intentionally using the 
advantage of the variety and variability of organisms, to achieve a goal (Biodiversity 
International, 2017).  
Agricultural biodiversity can increase food production sustainability in many ways like 
described in 8.1.2. The resilience of food systems based on agricultural biodiversity 
becomes increasingly important because of anthropogenic climate change, which rapidly 
changes environmental conditions (CBD, 2018). But a totally different example of the 
contribution of agricultural biodiversity is the case of intercropping plants with different 
nutritional or cooking values (Biodiversity International, 2017).  

7.1.4 Neglected and Underused species 
Not only economically important crops are subjected to genetic erosion. Neglected and 
underutilized species (NUS) are even more affected (Larranaga et al., 2017). Padulosi 
(2011) defines “underutilized species” as “wild or cultivated species, which could improve the 
peoples’ livelihood but at this point in time their full potential is not realized. They are often 
adapted to a specific environment and contribute to the local diversity and resilience of an 
agro-ecosystem”. They are considered as important genetic resources for nutrition, food 
security, medicines, agricultural risk management and income generation for rural 
communities. In the latter communities NUS often complement the diet that mostly consists 
of major staples. NUS furthermore are crucial for food security when staple crop production 
fails (Nyadanu, 2016). NUS, also called orphan crops, tend to be managed by traditional 
systems and are often neglected by mainstream agriculture. They are generally 
characterized by lower yield than staple crops. That disadvantage is compensated by NUS 
often being more resistant to biotic stress conditions and can so result in more dependable 
yield even in an unfavourable climate (Padulosi, 2013).  
Examples of fruits considered as NUS are jackfruit (Artocarpus heterophyllus), acacia 
(Vachellia tortilis), miracle fruit (Synsepalum dulcificum), Annona (Annona spp.), cherimoya 
(Annona cherimola) etc. (Padulosi, 2013). 
The International Fund for Agriculture Development (IFAD) launched two projects, IFAD 
NUSI and IFAD NUS II, with which they have tried to raise awareness about the important 
role of NUS, but have also confirmed the fast disappearance of these species as a result of 
a number of specific NUS characteristics. First of all, NUS often have a negative image as 
‘old-fashioned’ or ‘only for the rural poor’, even in rural communities. Secondly, decades of 
political support to staple crops have marginalized NUS, and have resulted in a lack of 
knowledge, research and funds for in situ and ex situ conservation of NUS (Padulosi, 2013). 
Padulosi (2011) also states that conservation mechanisms like the Global Crop Diversity 
Trust, an organization providing long-term grants to safeguard valuable crop diversity, have 
not helped to conserve NUS at all because the focus is only on a limited number of crops 
and their related wild relatives (Padulosi, 2011). A third, more economic reason is the lack of 
market for NUS. They have by definition a low commercial value and cannot commercially 
compete with staple crops. Finally, in most cases NUS cannot be found in genebanks, but 
are conserved by farmers within fields or home gardens. However, lack of incentives for 
farmers to maintain NUS, threatens future NUS conservation in rural communities (Padulosi, 
2013).  
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7.2 Multilateral approaches to agrobiodiversity conservation 

7.2.1 Convention on Biological Diversity 
In 1992, the Convention on Biological Diversity of the United Nations established 
international norms to urge nations to manage genetic resources and to slow down and 
finally stop biodiversity loss (Smale et al., 2006). There are two main management 
challenges for biodiversity within agricultural systems: i) to sustain agricultural biodiversity 
and consequently the ecosystem services it provides; and ii) mitigation of negative impacts 
of agricultural systems and practices on biodiversity (CBD, 2018). 
The convention on Biological Diversity, CBD, aims according to the “Aichi Biodiversity Target 
13” at diminishing the genetic erosion of economically important crops by 2020. However, 
this goal has to this date not been translated into an operational policy paper (CBD, 2018). 
 
The CBD program on biodiversity was established during the 3rd COP in Buenos Aires in 
1996 and defined four elements to address agrobiodiversity challenges (CBD, 2018): 
- assessments: analysing the status and trends of agricultural biodiversity and underlying 
causes; 
- adaptive methods: identifying adaptive management, technology and policies that can 
promote the positive effects and mitigate the negative impacts of agriculture on biodiversity 
which can enhance the capacity to sustain livelihoods by creating more knowledge, 
understanding and awareness about the services and functions of agricultural biodiversity;  
- increasing awareness and promoting action; 
- mainstreaming: integrating strategies within national legislation and increasing cross-
sectorial cooperation and programs. 
 
These 4 topics were merged into 4 cross-cutting initiatives (CBD, 2018):  
- International Initiative for Conservation and Sustainable Use of Pollinators 
- International Initiative for the Conservation and Sustainable Use of Soil Biodiversity  
- International Initiative on Biodiversity for Food and Nutrition 
- Genetic Use Restriction Technologies 
 
The latter initiative refers to the debate within the parties of the United Nations about the 
Genetic Use Restriction Technologies (CBD, 2018). ‘Genetic use restriction technologies’ 
(GURTs) is a term used to describe techniques for genetic manipulation in plants that deliver 
significant productivity increases by inserting value-adding traits from a wider pool of 
germplasm. The name of these technologies refers to the means of these techniques to 
control unauthorized reproduction and extraction of the value-adding genes. These genes 
are therefore also known as ‘terminator genes’ (Goeschl et al., 2000).  
 
The conservation of A. cherimola within its region of origin can be linked to the “International 
Initiative on Biodiversity for Food and Nutrition”. For this initiative the CBD works closely 
together with FAO and the International Plant Genetic Resources Institute (IPGRI) (CBD, 
2018).  
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7.2.2 International Initiative on Biodiversity for Food and Nutrition 
The 3rd cross-cutting CBD initiative addresses the link between biodiversity, food and 
nutrition.  The link was discussed during the seventh meeting of the Conference of Parties 
as part of decision VII/32. This decision contains a framework for the cross-cutting initiative 
on biodiversity for food and nutrition and containing the following 4 elements and 
corresponding activities:  
Element 1: Developing and documenting knowledge to prove the link between biodiversity, 
food and nutrition. 
Element 2: Integrating biodiversity, food and nutrition issues into research and policy 
elements, which aims to include biodiversity into food security and poverty reduction 
strategies.  
Element 3: Conserving and promoting wider use of biodiversity for food and nutrition. The 
objective of this element is to create conservation strategies.  
Element 4: Increasing public awareness, which aims to improve health and biodiversity while 
eliminate hunger by linking biodiversity, food and nutrition. 
As mentioned earlier, a more concrete implementation strategy of the goals set by the CBD 
is not available at this point (CBD, 2018).  

7.3 Biodiversity and agrobiodiversity in Costa Rica  

7.3.1 Biodiversity in Costa Rica 
Costa Rica has a land area of only 51.100 km² of which 0.70% is water (Zamora et al., 
2011). It has a population of almost 4.857 million people (World Bank, 2016). Costa Rica is 
one of the 20 countries with the greatest biodiversity on earth. It has two coasts (Caribbean 
and Pacific) and a mountainous area, which provides a variety of microclimates, thus 
supporting a very wide diversity of species and ecosystems. With more than 500,000 
species (Table 1), Costa Rica hosts nearly 4% of the total amount of species worldwide, 
notwithstanding Costa Rica only covers 0.03% of the planetary surface area (Zamora et al, 
2011).  
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Table 1: Species richness in Costa Rica compared with the rest of the world (Zamora et al., 
2011). 

 

7.3.2 Biodiversity legislation in Costa Rica 
After the Earth Summit in Rio de Janeiro in 1992 and the entry into force of the CBD in 1993, 
the Costa Rica implemented biodiversity in its national law on the 23 of April 1998 as Ley de 
Biodiversidad or ley (law) N° 7788. It states its objective very clear: “The object of the 
present law is the conservation of biodiversity and the sustainable use of the resources as 
well as to distribute in an equitable manner the benefits and costs derived from these natural 
resources.” 
 
One of the most important articles of the law is §6, which defines biodiversity as property of 
the public: “The biochemical and genetic properties of the components of biodiversity, wild or 
domesticated, belong to the public domain. The state will authorise the exploration, 
research, bioprospecting and use of these components of biodiversity which constitute part 
of the public domain, as well as the utilization of all genetic and biochemical resources, 
which access is described in chapter V of the biodiversity law.” (Ley de Biodiversidad, 1998) 
“Biodiversity” is defined within this law in article 7 and states it is “the variability of living 
organisms from any source, whether they are found in terrestrial, air, marine or aquatic 
ecosystems or in other ecological complexes. Including the diversity within each species, as 
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well as between species and between the ecosystems that they form part of” (Ley de 
Biodiversidad, 1998).  
To achieve the objectives stated in the law on biodiversity, the Minister of the Environment 
and energy coordinates an administrative organisation composed of ‘The National 
Commission for the Management of Biodiversity’ and ‘National System of Conservation 
Areas’. The latter organisation formulates national policies and consists of the Minister of the 
Environment and Energy, the Minister of Agriculture, the ministry of Health and 
representatives of other institutes and ministries (Ministry for Foreign Trade, National Small 
Farmers Board, National Council of Rectors, Costa Rican Institute of Fishing and Agriculture, 
etc.). The National System of Conservation Areas has its own legal identity and is in charge 
of planning and executing processes to achieve sustainability and create management 
actions to preserve natural resources in these areas. It is composed out of territorial 
conservation areas in which private and national activities are not allowed to harm the 
environment. Each conservation area has a director in charge of maintaining these areas as 
described by law and implement national policies (Ley de Biodiversidad, 1998). 
 
Costa Rica was the first developing country to establish a Payment system for Ecosystem 
Services (PES). In 1996 Forestry Law (Ley Forestal) No. 7575, which recognised 4 
environmental services that will be funded by PES, was enacted. The 4 selected services 
are: mitigation of greenhouse gas emissions, hydrological services, biodiversity conservation 
and provision of scenic beauty for recreation and ecotourism (Pagiola, 2006). The 
hydrological service payments are today not legally obliged; but are organized as facultative 
contracts between water users and the Costa Rican national fund for forest financing 
(FONAFIFO) (Pagiola, 2008). The carbon payments or payments for the emission of 
greenhouse gasses are generated by a tax on fossil fuels. This tax is mandatory for all 
citizens and is used to fund a various range of environmental services, but funds mainly 
reforestation projects (Pagiola, 2006). 
The Global Environment Facility (GEF), an international partnership between United Nations, 
multilateral development banks, national entities and international NGOs, created finance 
mechanisms for 5 major environmental conventions including the CBD (Madsen et al., 
2010). GEF finances partly the Costa Rican biodiversity conservation payments with a non-
renewable grant for which any country can apply (Pagiola, 2008).  
The Costa Rican government tries to find ways to proceed to more sustainable financing, 
thus avoiding to rely uniquely on the GEF, especially in regions where no hydrological 
service payments or carbon payments could be used to finance projects that provide 
ecosystem services to the area. Financing through tourism was attempted in the past, but 
was unfortunately not successful, because although several hotels have entered the 
program of water service payments to conserve watersheds, there was not focus on the 
preservation of biodiversity (Pagiola, 2008). In the past, GEF funded Costa Rica with grants 
up to 10 million dollar per project to help establish the system of payments in biodiversity 
priority areas. The money is used to convince people in these priority areas to convert to a 
more silvopastoral use of land and to plant trees to increase the amount of agroforestry 
systems (Pagiola, 2006).  
Of the 1.4 million ha of biodiversity conservation priority areas allocated by FONAFIFO 
outside of the protected areas system that are selected by the Ministry of Environment and 
Energy, 0.3 million ha can use the hydrological service payments and 0.2 million ha has 
potential to be financed under the carbon payment system. For the remaining 0.9 million ha 
an other payment system still has to be found (Pagiola, 2006). 
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FAO wrote a case study in preparation of the multi-stakeholder dialogue in September 2013 
in Rome, concerning the use of PES for biodiversity conservation. FAO (2013) states that 
poor farmers perform most on-farm agrobiodiversity conservation and that these farmers are 
not rewarded for this task, although on-farm conservation is not only benefits them but also 
the wider society (FAO, 2013). Payments for Agrobiodiversity Conservation Services (PACS) 
differ from other currently existing PES in Costa Rica, because they focus not on conserving 
wild biodiversity by discouraging people from taking specific actions that will change the use 
of land but promote the continuation of agricultural practices that lead to conservation of 
genetic resources on-farm. Indigenous and small-scale farmers play a key role in 
agrobiodiversity conservation, first of all because in indigenous communities, crop species 
went through thousands of years of adapting to domestication and changing environments, 
and secondly because agrobiodiversity is decreasing fast even in indigenous communities. 
This because also indigenous communities can gain higher financial profits when using 
improved varieties. The latter change in crop preferences can result in increased genetic 
erosion and neglect of native species. To create a successful PACS scheme, new 
institutions are needed to provide mechanisms for negotiation between different parties to 
establish contracts, payment transaction, monitoring and enforcement. The mechanisms for 
monitoring and enforcement have to create baselines that can be evaluated over time and 
make it possible to verify the communities actions to conserve agrobiodiversity. In case of 
non-compliance sanctions should be established and implemented (Narloch, 2009). FAO 
(2013) reports about successful small-scale implementation of PACS in Bolivia and Peru and 
recommends up-scaled implementation via combining PACS schemes with governmental or 
private funding.   

7.3.3 Agrobiodiversity legislation in Costa Rica 
The Costa Rican biodiversity law of 1998 also created via its article 14 a new commission, la 
Comisión Nacional para la Gestión de la Biodiversidad (CONAGEBIO), which focuses on 
biodiversity management. CONAGEBIO approves permits for research, bioprospecting and 
economic exploitation of the Costa Rican biodiversity via analysing and monitoring 
applications to gain access to biodiversity resources. CONAGEBIO is not only active for 
management of “wild biodiversity”, but also deals with domesticated biodiversity and the 
access to knowledge, innovation and practices of local and indigenous communities.  
Only 2,4% (104.143 people) of Costa Ricans are classified as indigenous, but the Costa 
Rican government acknowledges that for this group biodiversity is a major resource and the 
access to is very important. Costa Rica tries to protect the intellectual rights of the 
indigenous communities. Knowledge that is often closely related to the use of local 
biodiversity (CONAGEBIO, 2018). 
Within its biodiversity law, Costa Rica aims to create a participatory process together with 
indigenous communities and peasants to protect their rights to biodiversity and genetic 
resources. Also the Strategic Plan for Biodiversity 2011-2020 of CONAGEBIO states that 
effective participatory processes are needed to respect the knowledge, innovations and 
practices of indigenous and local communities (CONAGEBIO, 2018).  
Furthermore, CONAGEBIO tries to register ex situ collections of plants, animals, 
microorganisms or other organisms, of individuals or public or private entities (CONAGEBIO, 
2018).  
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7.4 A. cherimola 

7.4.1 Genus Annona 
The genus Annona contains around 100 families mainly growing in the tropical regions of 
America and Africa. The Latin name can be translated to “yearly produce”, referring to the 
annual cycle of the crop. The genus is characterized by its syncarp fruits, formed by the 
merge of the pistils and the fleshy receptacle. The trees can be considered as rather small 
with a maximum height of 7m and have simple and alternate leaves. The yellowish flowers 
are hermaphrodite and contain 3 to 6 tepals and a high amount of stamens and pistils 
(Scheldeman, 2002).   
The large genetic diversity between the species of this genus reflects the different centres of 
origin of the species. The members of the genus Annona can be originated to the lowlands 
of Central America and the northern part of South America and are commercially grown in 
Chile, Spain, California and New Zealand (George et al. 1993). Many of the species have 
been important within the tropical market, because of their fruit bearing qualities 
(Scheldeman, 2002). Lack of commercialization of the fruits at this point in history is due to 
their very vulnerable fruit skin and thence relatively short shelf life (Cherla, 2006). 
Furthermore, most of the Annona species have 14 or 16 chromosomes and lots of the 
species are sexually compatible, which explains the existence of hybrids (Scheldeman, 
2002).   

7.4.2 Botany of Annona cherimola  
Annona cherimola Mill. belongs to the Annonaceae family within the Magnoliales order. The 
Annonceae family consists of about 250 species in 140 genera, which occur in America, 
Africa and Australia (Mabberley, 1990).  
A. cherimola (Figure 1) is a semi-deciduous, erect, but low-branched tree. These trees can 
be recognized in the field via the metallic or glaucous sheen on their leaves. The flowers are 
fragrant, predominantly bisexual and can stand alone or in groups of 2 or 3. They have 3 
petal-like tepals and 3 smaller inner tepals. The fruit is a syncarp and can be easily 
recognized by its heart-shaped form. The pulp is snow-white, fleshy, juicy and has a nice 
aroma. It is formed after pistils and receptacle merge. The fruit contains hard, dark, beanlike, 
glossy seeds. Fruits can be upto 10-20 cm long and 10 cm wide, with fruitweights ranging 
from 150 g to 2.7 kg. The fruit skin ranges from smooth to covered with protuberances 
(Scheldeman, 2002).  
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Figure 1: Annona cherimola Mill.: leaf, flower, fruit and seed (Scheldeman, 2002).  

7.4.3 Propagation 
Traditionally, A. cherimola is propagated by seed, which result in plants with varying yield 
and fruit quality.  Cross pollination of A. cherimola results in a high degree of heterozygosis 
and in seeds which are not true-to-type. To avoid this, commercial A. cherimola cultivation 
prefers vegetative propagation by grafting which increases crop homogeneity. A selected 
cultivar will be grafted on a seedling rootstock that influences the tolerance to soil and 
climatic factors. Because these rootstocks are produced out of seeds, the tree’s vigour will 
still differ. Propagating cultivars on clonal rootstocks or on their own roots can eliminate the 
variability. Seedlings are grafted at 10 to 15cm about the ground via whip, whip and tongue 
or cleft graft or via a T- or chip budding. In Chile and Spain there in vitro propagation is also 
done on a commercial scale (Scheldeman, 2002).  
Many Annona species can be multiplied via tissue culture techniques using nodal explants, 
hypocotyl segments, endosperm or anther culture (Rajan et al., 2007). Some problems were 
found when trying to in vitro propagate A. cherimola, but micropropagation has been proven 
to be a successful technique for clonal propagation (Padilla et al., 2011). For example, root 
and shoot organogenesis can be induced in hypocotyl, petiole, internode and nodal cuttings 
of A. cherimola (Rajan et al., 2007). 

7.4.4 Pollination and fertilization 
Within the family of Annonaceae, protogyny (the condition in which flowers female parts 
mature before the male parts) is common and could explain the high degree of cross 
pollination. The pollination cycle depends on climate and the presence of pollinators. Cool 
temperature and humidity level higher than 70% is considered as favourable in the literature 
(Scheldeman, 2002). The female phase in which stigmas are receptive for pollen starts 
between late afternoon and noon and lasts for about hours. The following evening, anthers 
will release pollen during the male phase (Dixon et al., 2014). 
The major A. cherimola pollinating beetle family in countries like Israel, Australia and Florida 
are Nitidulidae, whereas in Spain and Italy Orius species are the common natural pollinators. 
Hand pollination could increase fruit set considerably, especially in regions outside of the 
centre of origin where the presence of natural pollinators is lower (Scheldeman, 2002).  

7.4.5 Cultivation 
Plantations in countries as Chile and Spain, plant grafted seedlings at 5 m to 9 m distances, 
preferably in the dormant stage. This results in 125 to 400 trees per hectare. In Chile, there 
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are also plantations with higher density (1m x 4m and 2m x 4m), but more elaborated 
training is needed to maintain trees at high density (Scheldeman, 2002). The largest A. 
cherimola producer is Spain with around 3000 ha of A. cherimola orchards. Semi-
domesticated A. cherimola plants are mainly produced in the valleys of Ecuador, Peru and 
Bolivia (Van Damme et al., 1999). The term ‘semi-domesticated’ species includes a wide 
spectrum ranging from completely wild and completely domesticated, depending on the level 
of human intervention or management involved (like breeding, pruning, harvesting, etc.) 
(FAO, 1999).  
In the latter countries, the crop is grown by smallholders, in home gardens, or by commercial 
farmers. Diseases, such as Pseudomonas, Botrytys and Oidium cause loss of market value 
and keep the economic value below its potential level (Vanhove et al., 2013). Also lack of 
water management has a negative impact on the A. cherimola production in these areas 
where seasonal rain is very unreliable and limited irrigation infrastructure is available (Van 
Damme et al., 1999). 
In Costa Rica, A. cherimola tree pruning is not a common practice. Nevertheless, pruning 
can i) provide extra nutrients to the flower buds; ii) remove diseased plants parts; and iii) 
improve tree structure. Knowledge on appropriate pruning techniques is not widespread in 
Costa Rica (Cerdas Araya et al., 2007).  
To create the right shape of mature tree, pruning starts when the tree reaches a height of 
70-100cm. At this growth stage, branching will have started and farmers can select 3 to 4 
branches, which are equally distributed around the main stem, to be the main branches. 
Other branches will be removed. Later, trees are pruned to define its size and to ensure that 
light can reach the various canopy levels and that airflows can circulate through the canopy. 
On productive trees, pruning is important to balance vegetative growth and fruit production. 
The main pruning objectives at this stage are: i) decreasing the amount of fruits to increase 
fruit size and quality; ii) to distribute the fruits over the tree so they are easier to harvest; and 
iii) to maintain similar harvest volumes each year. The best fruits are considered to develop 
on the branches that occurred the previous year. So to generate fruits with a good diameter, 
the branches of the previous year will be blunted. When there are a large number of vertical 
suckers, the best ones are selected and the weakest will be removed (Cerdas Araya et al., 
2007). In Costa Rica, sanitary pruning is not commonly practiced, which increases the 
amount of old, damaged and unproductive branches on older trees. Sanitary pruning is 
normally done at the end of the productive season (Cerdas Araya et al., 2007).  

7.4.6 Pests and diseases  
Depending on the country where the crop grows, A. cherimola can be susceptible to different 
kinds of pests and diseases (Scheldeman, 2002). In Costa Rica different diseases have 
been observed on A. cherimola that mainly affect foliage and the fruits (Cerdas Araya et al., 
2007).  
Anthracnose (Figure 2), Colletotrichum gloeosporioides, is a fungus that can be observed as 
black small spots on the fruits. Under high humidity conditions, pink masses will be formed 
that consist of fungal spores. Advanced anthracnose can penetrate the pulp and thus affect 
fruit quality. Disease spread is linked with high humidity resulting from rainfall or dew. In 
Costa Rica, it is recommended to prune in the first months of the year, which are marked by 
high temperatures and high humidity, to increase ventilation and thus to keep below-canopy 
humidity low. Also sanitary pruning, to remove diseased plant tissue, is recommended. On 
the same farm, trees with different degrees of tolerance can be observed which is an 
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important property that can be used in the selection of species for the multiplication process. 
To avoid infections the fruits can be protected by plastic bags during the growing season. 
However, the latter practice is a very laborious activity (Cerdas Araya et al., 2007). 

 
Figure 2: A. cherimola with small lesions caused by Phakopsora cherimoliae and with larger 
lesions caused by anthracnose or Colletotrichum gloeosporioides (Cerdas Araya et al., 
2007). 
 
A second important disease is ‘mancha gris’ (grey stains), caused by the fungus Phomopsis 
anonacearum. Affected trees develop lesions on the underside of leaves and on the fruits 
(Figure 3). The disease develops in a humid climate characterized by heavy rainfalls and 
average daily temperatures between 20 and 28 °C and occurs as an infestation of wounds 
caused by mites or insects. Infested leaves can be successfully treated with fungicides. 
Often the same products as those used to fight anthracnose are used. Alternatively, the 
disease can be controlled by sanitary pruning (Cerdas Araya et al., 2007). 

 
Figure 3: A. cherimola fruits and leaves affected by the fungus Phomopsis anonacearum 
(Cerdas Araya et al., 2007). 
 
‘Roya’ (rust) caused by Phakopsora cherimoliae (Figure 2) occurs as small rust-colored 
granules which can cause leaf abscission and can develop into fruit lesions at the post-
harvest stage. Further, Botrytis cinerea is a frequently prevailing fungus in A. cherimola 
orchards, and causes fruit rot after harvest within the storage facility (Cerdas Araya et al., 
2007). In other parts of Central and South America, B. cinerea is one of the main A. 
cherimola diseases together with Oidium sp. (Scheldeman, 2002).  
Phytophthora palmivora can occur on fruits as dark lesions with a diameter up to 5 or 6 cm. 
If the fungus reaches the pulp, the pulp will darken from white to orange. Rhizopus sp. 
(Figure 4), also called soft rot, affects fruits causing round fruit lesions and is considered as 
a saprophyte (Cerdas Araya et al., 2007).  
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Figure 4: Fruit affected by Rhizopus sp. (Cerdas Araya et al., 2007).  
 
The Anastrepha fruit fly is the most important A. cherimola pest in the Americas. However, 
also the annona seedborer (Bephratelloides spp.) and miners who feast on the buds and 
flowers (e.g. Oenomaus ortygnuscan) cause huge damage and loss (Scheldeman, 2002).   

7.4.7 Harvest and Post-harvest 
A. cherimola fruits ripen at different moments in time, so farmers have to judge each fruit’s 
ripeness individually before harvesting them (Van Damme et al., 1999). In Costa Rica, the 
main harvest season is from the end of June until the end of October. However, often the 
harvest season is extended to the first months of the next year. Harvest time depends 
primarily on climatic conditions. Ripe fruits can be recognized by a change in colour shade to 
a more light green or yellowish green. Also the aroma that emerges from the fruit is used as 
an indicator to determine harvest time. At harvest, the brix value, which indicates the 
sweetness by measuring the sugar content in an aqueous solution, has increased to 21 
(Cerdas Araya et al., 2007). A. cherimola fruits become rapidly overripe after harvest which 
constraints their marketability, although an unripe fruit can ripe well at room temperature 
(Van Damme et al., 1999). If fruits are picked when they are too green, fruits will not ripe 
(Scheldeman, 2002).   
A. cherimola is a climacteric fruit, which can explain the short shelf life. Climacteric fruits 
ripen very quickly due to a rapidly increasing respiration and ethylene biosynthesis rate 
during ripening. These processes influence the marketability, because long transportation or 
storage is difficult when fruits ripen too fast (Scheldeman, 2002).  
A. cherimola fruit contains polyphenoloxidase, which will catalyse oxidation when the fruit 
gets damaged. When the cells are exposed to atmospheric oxygen, as a result of bruises or 
cracks, catalysed oxidation causes fruit pulp darkening and affects the aesthetics of the fruit 
which decreases the marketability (Cerdas Araya et al., 2007). 

7.4.8 Crop ecology 
Temperature and water availability are growth-limiting parameters, which are often found at 
altitudes between 1500 and 2200 m a.s.l. A. cherimola trees are frost sensitive and optimum 
fruit quality development is only possible when the tree grows in areas that are marked by 
annual temperatures between the 17°C and 22°C. If the maximum daily temperature rise 
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above 30°C, pollination will be hampered photosynthesis will decrease. If the temperature 
drops below -2°C leas, fruit and even the trunk can be damaged (Dixon et al., 2014). Annual 
precipitation should must be between 1000 and 1700mm and is considered a crucial factor 
during flowering and early fruit set (Scheldeman, 2002).  
Roots are shallow, with 98% of the root system in the upper 40cm. A wide range of soils 
from sandy to clay loams is possible, but well-drained sandy loam soil is preferred to avoid 
root rot (Dixon et al., 2014).  Soil pH can range between 6.5 and 7.6 (Scheldeman, 2002), 
whereas some books state more alkyl soil with a pH between 7.5 and 8.5 (Dixon et al., 
2014). Organic material content is preferably between 1.7 and 2.7% (Scheldeman, 2002).  

7.4.9 Nutritional value 
The nutritional composition of A. cherimola is generally the same as that of other sweet 
fruits: high carbohydrates content and low amount of acids. It has a high value of vitamins 
thiamine, riboflavin and niacin and can be an important source of iron, calcium and 
phosphorous (Scheldeman, 2002).  

7.4.10 Market 
A. cherimola fruit is appreciated for its delicious taste and aroma and appears in a variety of 
botanical forms. Consumers and sellers prefer the smooth skin types because they are less 
vulnerable to damage during transport. This ‘lost crop of the Incas’ became less important 
for trade after the Spanish conquest (Cherla, 2006). Because of the short shelf life, 
marketing strategies such as a closer partnership between retailers and producers and 
improved market places and facilities (storage and transport) were proposed by Van Damme 
et al. (1999). Apart from a short shelf life, fruit fly  (Anastrepha spp.) infestation is causing 
the largest losses within the A. cherimola sector in Ecuador, Peru and Bolivia. In these 
countries, the success of one cultivar, Cumbe Cherimoya, was at the expense of other 
cultivars that were less cultivated and propagated, thus decreasing their genetic diversity 
(Vanhove et al., 2013). 
At this time, A. cherimola is produced on commercial plantations in many countries in the 
world like Argentina, Peru, Bolivia, Ecuador, Colombia, South Africa, New Zealand, Spain, 
the US, Chile, Australia and India. In 1990, Chile had more than 1110 ha of A. cherimola and 
an internal market that could absorb the entire production. As from 2006, Chile exported 
73.4 tons of A. cherimola fruits to Argentina, France and Italy. With 3000 ha of A. cherimola 
orchards, Spain is the biggest A. cherimola producing country in the world. This huge 
increase in production decreased the price of A. cherimola due to an oversupply. In Spain, 
A. cherimola is mostly marketed domestically. Only 12% of Spanish A. cherimola is exported 
(Cerdas Araya et al., 2007).  
In Costa Rica, production for the domestic market remains relatively constant since 2003, 
but according to the Costa Rican Ministry of Agriculture and Animal Husbandry, A. cherimola 
prices tend to increase. In Cost Rica, the main A. cherimola production areas are Aserri and 
Los Santos. In the region Los Santos, the majority of A. cherimola is produced in the 
communities of San Antonio, Santa Cruz de Leon Cortés, Copey de Dota and on the slopes 
of the Poás volcano (Cerdas Araya et al., 2007). 
The A. cherimola producers sell their fruits directly at supermarkets or at farmers markets or 
sell their fruits to intermediaries who will then sell the fruits again to supermarkets or other 
sellers. People in Costa Rica can buy A. cherimola fruits at the biggest wholesaler of Costa 
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Rica (El Centro National de Abastecimiento y Distribución de Alimentos, CENADA), at 
farmers markets, at traditional markets and at supermarkets that sell smaller volumes 
(Cerdas Araya et al., 2007). On the farmers markets A. cherimola is not very popular with 
consumers. Most people prefer guanábana (Annona muricata) instead of A. cherimola, 
because of its lower seed content and its cheaper price (Beushausen et al., 2017).  

7.4.11 Centre of diversity  
The Andean valleys of southern Ecuador and northern Peru were long time considered to be 
A. cherimola’s centre of origin and as a result, protection strategies, mainly germplasm 
conservation, were set up in these areas (Larranaga, 2017).  
Larranage (2017) showed that Central America, more specifically Honduras and Guatemala 
are A. cherimola’s centre of origin, and the Andean area as a secondary centre of origin. 
Although genetic diversity in South America is lower than in Central America, phenotypic 
diversity in the Andes region is remarkably high, most probably because of the 
domestication process in which humans selected morphological variations. Only a few 
generations separate wild ancestors from human-selected varieties, which is typical for fruit 
trees with a high genetic diversity found in the wild relatives. In the main cultivation areas in 
Central America climate change is expected to have a large negative impact on A. cherimola 
cultivation, which increases the urge for germplasm conservation management efforts. The 
study showed that the optimal area for A. cherimola would be reduced to higher elevations in 
the future. Some new areas will be gained in western Guatemala, central Mexico and Costa 
Rica. Whereas, the areas now hosting the populations with the highest diversity will in the 
future be exposed to circumstances that could threaten the A. cherimola existence.  This 
indicate that conservation mechanisms should be put in place to conserve Central American 
germplasms, because these are not highly represented within ex situ collections and are 
under threat due to climate change within the area of diversity (Larranaga, 2017). 

7.5 Biodiversity management 
Land use and environmental changes decrease plant genetic diversity, which has raised the 
demand for new use strategies and better conservation management practices (Vanhove et 
al., 2013). This thesis is based on the paper of Wallace from 2012, which describes a 
framework to set up biodiversity management.  

7.5.1 Theory of Wallace (Wallace, 2012) 
In the present thesis, the theory of Wallace (2012) will be used to set up a biodiversity 
management strategy. The latter theory considers the values that humans place on 
biodiversity as the key factors for biodiversity management planning. Wallace (2012) 
addresses the need for improved planning and a better comprehensive framework for the 
outline of biodiversity management. The role of human values within the planning of natural 
resource use and conservation is widely acknowledged according to Wallace (2012), but is 
not used generally as the starting point of management outlines. The use of these values will 
have an effect on the goals that will be set and on the actions that will be planned. The main 
problem of the current biodiversity management strategies, according to Wallace (2012), is 
that the lack of a fixed set of planning steps and strict definitions of these steps, this leads to 
problems like double counting and inappropriate trade-offs when taking decisions, which will 
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be further explained later. To solve this, Walace (2012) analyzed 5 planning 
components/steps that should be used as the basis for policy planning. 
The 5 components are: i) definition of human values, ii) conservation goals, iii) biodiversity 
assets, iv) ecosystem processes, and v) management action (Wallace, 2012). These 5 
components are each connected to a crucial question (Figure 5). 
 

 
 
Figure 5: Visualization of the 5 steps to set up a biodiversity management according to  
Wallace (2012), each accompanied by some crucial questions and a list of examples.  

7.5.1.1 Human values 
Human values are the ultimate endpoints of biodiversity management. They are defined as a 
set of end-states needed for human well-being, survival and reproductive success. They 
include both economic value of natural resources and biodiversity, as well as social values. 
Within the remaining part of this thesis the use of the word “value” will be assumed to point 
back to the latter definition of the word by Wallace (2012). Different values will induce 
eventually a different set of management action. For example a group of people could want 
to conserve biodiversity because of the esthetic value, which could motivate them to 
conserve the phenothypical variety of plants in their own gardens. An other group of people 
could be interested in conserving the diversity of trees and forest species within their region 
for recreational use; like taking walks in woods, which could result in establishing a national 
park. More examples are listed in Table 2. It is important that all values are clearly defined, 
to avoid that some values aim to reach the same endpoint. Ideally all stakeholders should be 
involved in listing the values, which helps to create a ranking to distinguish the importance of 
the different values. If the values get ranked, this ranking should be considered as a 
subjective list influenced by individuals and their culture. The ranking will in a later step also 
influence the allocation of financial resources to set up the biodiversity management. 
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Table 2: Overview of possible values, subcategories of values and ecosystem benefits 
(Wallace, 2012).  

 
 
Wallace (2012) warns for socio-political friction during the planning process, even though the 
framework includes human values as a first step and emphasis that as many stakeholders 
should be involved in the process. When values are non-compatible or stakeholders rank the 
values differently, it will be difficult to separate politics from the planning process. The paper 
explains this problem with the example of conserving an extensive woodland and forest. The 
forest can be conserved because of the spiritual/philosophical value the community puts 
upon it. The structure and composition of biodiversity within this forest could in that case be 
conserved as a policy matter. This policy could ensure that native taxa and genetic variants 
can be conserved. If the management would only focus on esthetic values, policies to 
conserve the mature trees could be put in place. As a result, the forest will look differently 
according to the values that are selected by the conservation management planners 
(stakeholders) and the management strategies that are needed to achieve the preferred 
end-state. Wallace (2012) also states that management driven by a single value will almost 
always marginalize communities’ interests in biodiversity conservation.  

7.5.1.2 Goals 
The values that get selected at the end of step 1 are those who scored high in the overall 
ranking by the stakeholders and it will be these values that will be translated into a set of 
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goals of the biodiversity management. Stating clear goals for the biodiversity management 
will decrease misunderstandings within the planning process.  
Biodiversity management goals are described as desired outcomes or benefits of the 
biodiversity management and are constrained in space and time. The outcomes of pursuing 
the goals are explicitly connected to the values. When the complexity of the planning 
increases, the set of goals can be ranked into a hierarchy to increase structure in the 
biodiversity planning process.  
Wallace (2012) reasons that humans measure their wellbeing in terms of tangible or abstract 
benefits. Tangible benefits could be food, water, gold, goods, … whereas abstract benefits 
could be friendship, a sense of satisfaction, … To connect to a wide range of people the 
benefits or outcomes of the biodiversity management should be relevant for all actors, who 
should feel engaged to this management or the proposed policies. This also means that 
language plays an important part to research the values and to communicate about the 
goals of the biodiversity management. Wallace (2012) explains that management can go a 
step further than the a priori defined goal. In the earlier case of forest conservation, the goal 
can be formulated to conserve only the forest, whereas the actual management can aim to 
protect the whole area of forest and its near surroundings (Wallace, 2012).  

7.5.1.3 Biodiversity assets 
After setting the goals, the key biodiversity assets that should be restored or maintained will 
be listed as the third step Wallace’s biodiversity management framework (2012). Biodiversity 
assets are typically genes, taxonomic units, biological communities, …  
In the previous forest conservation example two different assets can be selected: the 
spiritual value could be connected to conserving the native gene pool, whereas the esthetic 
value could aim to focus on a community of mature trees (Wallace, 2012).  

7.5.1.4 Ecosystem processes 
After the assets are defined, the ecosystem process that should be managed will be 
identified as the fourth step of the theory of Wallace (2012). Ecosystem processes are 
defined as interactions between biotic and abiotic elements of the ecosystem. The abiotic 
elements can vary from social to political or economic processes. By managing a certain set 
of ecosystem processes the predetermined goals should be achieved. Time and spatial 
scale are very important when defining the assets. The management of an invasive plant will 
be different if the area is 1 ha or 100 ha or if the considered time scale is 5 or 50 years to 
establish an eradication management. Ecosystem properties are attributes that are part of 
the ecosystem. An important property could be ‘resilience’, which is a measure of an 
ecosystem’s capacity to cope with shocks and changes. Other properties could be health, 
integrity and condition, which all have to be connected to the goals and values. 
In defining the relevant ecosystem processes, Wallace (2012) highlights the importance of  

1. the cause-effect relationship within processes. All events that contribute to an 
ecosystem process should be taken into account. Pooling different events can 
increase the probability of overlooking some sources that contribute to a process. 
For example; a decrease of species from a certain cultivar could be caused by a 
specific pest, but could also be caused by climate environmental changes. These 
causes can be active at the same time and can both have an overlapping affect, but 
will need to be managed in different ways.  
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2. the difficulty of classifying ecosystem processes that affect organisms. Possible 
categories could be human activities (mining, agriculture, etc.), operational 
management (invasive species management, pollution, etc.) or natural processes 
(e.g. volcanism). Classification is crucial to evade overlap of processes and double 
counting them. By avoiding this overlap, it is possible to enable quantitative 
measurements and creating feasible policies and interventions.  
 

Wallace (2012) recommends using the cause-effect approach and selecting the effects that 
affect the survival most directly to categorize the key processes.  

7.5.1.5 Management actions 
The fifth step is setting the management actions, followed by a feasibility analysis. These 
management actions could be new legislation/regulation, new technology or research, 
economic instruments or education. More direct action could be eradicating invading 
species. The actions are related to the selected processes and target the biodiversity asset. 
Conceptual and numerical models can be fundamental to select the right intervention.  
Also cognitive mapping and event trees can be used to develop the required actions. Models 
could also make it possible to predict the success rate of the execution of the management 
actions. If the feasibility is too low, proceeding with the action as planned is undesirable. 
Important considerations include i) the availability of knowledge and technical capacity to 
implement the action; and ii) the cost of implementation. Finally, socio-political support from 
all stakeholders has to be assessed. If there is no socio-political support for the conservation 
actions within the community, it can be important to set new goals or analyse the values for 
the different stakeholders. Monitoring and evaluation has to be done from the start of the 
planning until the end of the implementation of the management actions, to be able to adjust 
things at any moment (Wallace, 2012). 
Although the 5 steps are mentioned chronologically, new info can urge the planning to take 
some steps back.  
Wallace (2012) states that his planning framework could in general be improved by a better 
classification of the values. He concludes that creating this framework will need more cross-
disciplinary work and higher involvement of the community (Wallace, 2012).  

7.5.2 Community Biodiversity Management  
Community Biodiversity Management (CBM) is a community driven participatory approach 
that empowers farmers and communities to develop livelihood strategies that support the on-
farm management of agrobiodiversity (Sthapit et al., 2012). 
CBM integrates local knowledge and practices within a social system to create a more 
dynamic and sustainable strategy. A committed governmental agency or NGO can be 
involved, but only as facilitators or mentors in the decision making process with a focus on 
capacity building. CBM is often linked to on-farm conservation management (see § 
7.5.3.2.2), but less with ex situ conservation because of the lack of connection between ex 
situ plant collections and the original, natural context in which these plants prevailed (Sthapit 
et al., 2012).  
Key within CBM is community empowerment, which refers to the process of increasing 
communities control on the decisions that shape their lives (Sthapit et al., 2012).  
CBM can also be placed within the broader framework of community-based conservation, 
which centres on the idea that conservation and human development could be achieved 
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simultaneously. According to Berkes (2004), this is still a controversial topic, although 
community-based conservation approaches have become more popular mainly as a reaction 
against the failures of other conservation projects that did not include socio-economic factors 
in the management process (Berkes, 2004).   

7.5.3 In situ vs. ex situ conservation 
Crop genetic conservation involves generally 2 optional strategies: in situ or ex situ 
conservation. Ex situ conservation is the preservation of germplasm in gene or seed banks 
off site, outside of its natural cultural-ecological environment (Altieri et al., 1987). In situ 
conservation - i.e. maintenance of plant genetic material inside its natural cultural-ecological 
context – does not only conserve crop genetic resources, but also the complex ecosystems 
in which these occur (Di Falco et al., 2003). This conservation strategy allows continued, 
dynamic adaptation of the plant to the environment (Altieri et al., 1987).  
On-farm conservation is an example of in situ conservation and can be seen as 
‘conservation through use’ (Vanhove et al., 2013).  

7.5.3.1 Ex situ conservation 
Ex situ conservation in gene banks or botanical gardens is the result of removing the species 
form their natural ecological and evolutionary context. This can be seen as static 
conservation, because the evolutionary and adaptive processes in the natural or agricultural 
environment are stopped. Only one third of the species in gene banks are landraces or 
primitive cultivars, but also underutilized species and wild relatives are underrepresented 
within these systems of conservation (Galluzzi, 2010).  

7.5.3.1.1 Different ways to conserve ex situ 

Trees, which have a long regeneration time, often call on ex situ conservation as a last 
resort. They are at increased risk because of deforestation, which increased the urge for 
genetic conservation. Ex situ conservation can be done by storage of seeds, pollen, in vitro 
culture tissue or DNA. However, ex situ conservation can also consist of orchards of living 
trees or seedling nurseries. The goal is always to conserve genetic diversity and to maintain 
the physiological quality of the germplasm that were collected (Theilade et al., 2003).  
Seed storage is often only suited for short to medium term ex situ conservation. The 
procedure of seed handling contains collection, processing and storing. Most agricultural 
crops have so-called orthodox seeds; i.e. seeds that can be stored at low temperature and 
low moisture content for years until they lose their germination power. Many tropical trees 
instead have recalcitrant seeds, i.e. seeds that are not tolerant to drying. Seeds that do not 
fit in the latter two categories, called intermediate seeds and are often chill sensitive, with 
rapid loss in seed germinability (Theilade et al., 2003).  
Storage of orthodox seeds is the most widely used method to conserve genetic plant 
material worldwide. Seeds are dried to 3-7 % of the fresh weight and cooled to a 
temperature of -18°C or cooler. Non-orthodox seeds have relatively high moisture content 
(higher than 40-50% of fresh weight) at shedding and are sensitive to drying and are often 
sensitive to chilling.  
Techniques to store non-orthodox species include (Theilade et al., 2003): 
1) Cryopreservation of the seed, which can be described as conservation at ultra-low 
temperature (often -196°C) by using liquid nitrogen; 
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2) Conservation via cryopreservation of embryos or embryonic axes (which have to be at the 
right development stage to guarantee successful conservation); 
3) Seedling conservation, which stores young seedlings at low temperature and/or low light 
intensity (Theilade et al. 2003). This process slows down the growth rate over the period of 
several months (Krishnapillay, 2000).  
In vitro conservation can be defined as storage of explants in a sterile, pathogen-free 
environments (Kasso et al., 2013). This technique has been used for collection, 
multiplication and storage of ‘problematic’ species, e.g. trees that do not produce viable 
seeds or can be propagated vegetatively (Thomas et al., 2016). Different in vitro or tissue 
culture techniques are used, depending on the storage duration (Kasso et al., 2013).  
Pollen storage consists of drying pollen to below 5 % moisture content and storing them at 
temperatures below 0 °C. Not all species produce pollen that can be exposed to these 
conditions and pollen have often a much shorter life than seeds in storage (Theilade et al., 
2003).  
With the development of PCR, DNA from nucleus, mitochondrion and chloroplast can be 
extracted and can be stored in genome banks (Theilade et al., 2003). A new plant can 
currently not be retrieved via this technique. As a result, it can only be considered to be 
complementary to germplasm conservation, in which the whole germplasm of the plant is 
conserved instead of only some genomic material (Thomas et al., 2016). 

7.5.3.2 In situ conservation 
In situ conservation is defined maintenance of plant genetic material inside its natural 
cultural-ecological context (Di Falco et al., 2003). It can be seen as a dynamic system, which 
ensures the possibility of species adaptating to the changing local environmental conditions 
(Galluzzi, 2010). Conservation within home gardens and on-farm conservation can both be 
considered as ways to conserve plants in situ.  

7.5.3.2.1 Conservation within home garden 

On-farm conservation or conservation in home gardens, is a particular form of in situ 
conservation. The conservation in home gardens is described by Galluzzi (2010) as a 
stratified and dynamic architecture that normally captures different species into a sustainable 
and resilient ecosystem. ‘Stratified’ emphasis on the variety of layers in the garden (trees, 
shrubs, tubers and smaller plants), whereas ‘dynamic’ accentuates the diversity of plants 
and cultivars that grow in the garden over the course of many years. The use of different 
plants also means different root structures, which will utilize nutrients from different levels 
within the soil. This increases the efficiency of the use of the ground and the air within the 
soil. The different root structures of plants often minimize soil erosion and increases fertility. 
The lower use of chemical fertilizers and pesticides in home gardens protects natural habits, 
wild flora and fauna and micro-organisms (Galluzzi, 2010).  
Home gardens can preserve agrobiodiversity on multiple levels and on rather small surfaces. 
They can collect species with different life cycles and domestication statuses (wild, semi-
domesticated to domesticated). They can be used for different purposes: ornamental, food, 
fodder, medicinal, fuel, fiber, ritual, … In several countries, crops which are no longer 
commercially cultivated, can still be found in home gardens: e.g. sponge gourd in Nepal, 
Panicum miliaceum L. in Poland, Lavatera arborea L. in Linosa (island close to Sicily), lima 
bean (Phaseolus lunatus) in Cuba, … (Galluzi, 2010). Also the intra-specific diversity is high 
in home gardens by maintaining wild species, indigenous crops as well as traditional 
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varieties. This increases the possibility for adaptation and survival of the species over time 
and delivers genes for future breeding programs (Trinh et al., 2003).  
Galluzzi (2010) further stresses the importance of home gardens for the conservation of 
cultural and ethnobotanical plant knowledge. In the research on the contribution of home 
gardens to agrobiodiversity conservation, the minimum size of the conservation unit to 
conserve a species should be determined, after which a monitoring system can be installed 
to follow the gene flow. Because of high inter- and intra-specific diversity, most scientists 
suppose that within one region preferable a number of gardens should be selected for 
conservation (Galluzzi, 2010). 

7.5.3.2.2 On-farm conservation 

On-farm conservation can be seen as the oldest form of agrobiodiversity conservation by 
humankind. Farmers maintain a set of crop through cultivation and contribute to the 
safeguarding of local varieties, most of the time without being aware of genetic diversity. On-
farm conservation is sometimes described as ‘conservation-through-use’. Conserving local 
crops via on-farm conservation is challenging because these crops sometimes only are 
valued on a local level. This explains the lack of investments and resources these crops are 
able to attract to develop a value chain or to support the production (Padulosi, 2011).  
An important example of on-farm conservation is the community genebank, which can be 
described as diversity conservation by one or more custodian farmers on behalf of a 
community and its members (Padulosi, 2011). This process to reverse genetic erosion is 
described by Rojas et al. (2011) for in situ conservation of quinoa (Chenopodium quinoa 
Willd.) and cañahua (Chenopodium pallidicaule Aellen), two crops with a high value for food 
security in Bolivia (Rojas et al., 2011).  
Each community that participated in the research of Rojas et al. (2011) was assigned a plot 
to establish a community genebank. Each community selected the varieties they want to 
conserve. The plants on the plots provided the community members with seeds, which they 
could use for planting after bad years with low yield. Even low production varieties were 
used, for their external appearance (e.g. bright plant color) or different traits (for example low 
yielding ‘Acu Juire’ quinoa to produce toasting flour). Seeds from the community seed bank 
could also be distributed to farmers who wanted to start their own production in the area. 
This idea relies on the assumption that different communities will have different preferences 
and therefore conserve other varieties in their community seed banks (Rojas et al., 2011).  

8 Material and Methods 
The goal of this thesis is to propose possible management actions as part of a biodiversity 
management strategy that aims to conserve Annona cherimola in Costa Rica. To achieve 
this goal, all relevant stakeholders must be included (Wallace, 2012). We therefore used a 
participatory research approach. First, I will provide more information on the region where 
this research was conducted. Then, all steps with this research method will be precisely 
described to give an overview of how information and data was collected for this thesis and 
how it was analyzed.  
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8.1 Area of the investigation 
van Zonneveld et al. (2012), after mapping the genetic diversity of A. cherimola, discovered 
that against expectations not South America, but Central America hosts the centre of origin 
of A. cherimola. Costa Rica was chosen as a study area, because the countries pioneer 
position in programs likes the payments for environmental services (PES) and its extensive 
legislation concerning biodiversity, conservation areas and deforestation (Pagiola et al., 
2008). The Costa Rican government invested a lot of financial resources into the 
conservation areas and conducted research and drew laws concerning biodiversity, which 
made Costa Rica an interesting study area compared to the neighbouring countries in which 
farmers are less acquainted with biodiversity research and measures. Within Costa Rica, 
van Zonneveld et al. (2012) marked the Los Santos region as one of the hotspots of A. 
cherimola diversity, with a peak in the regions of Copey and Santa Maria (Figure 6).  

 
Figure 6: Locations with high genetic diversity within the Los Santos region, identified by van 
Zonneveld et al. (2012). 
 
Santa Maria and Copey are 2 of the 3 districts within the canton of Dota, based within the 
Los Santos region, which is part of the province San José.  
The Los Santos region has two seasons: a dry season from January until April and a rainy 
season from May until December. Average annual precipitation is 2400 mm and average 
annual temperature is 19°C (Guerra Arévalo, 2014). Average relative humidity of the region 
is 54%. Los Santos’ altitude ranges from 300m above sea level (m a.s.l.) to 3481 m a.s.l. 
(Salazar Zapata, 2013). The landscape is characterized by the Pirrís River (1275 km2), 
which flows between the steep slopes and the valleys of an entirely mountainous area. Los 
Santos inhabitants have a life expectancy of 74 years. Furthermore, the region has an 8% 
unemployment rate and 7% of the citizens are illiterate. It contains 25% of the Costa Rican 
coffee production area (Guerra Arévalo, 2014). Climate is strongly influenced by the 
Intertropical Convergence Zone of the Pacific and the Caribbean, characterized by northeast 
winds and weak rains (Solano et al., 2012).  
More than half of Los Santos region (63,304 ha) is listed as protected area. Among these 
areas are the Quetzal National Park, the Vueltas Biological Reserve and the Los Santos 
Forest Reserve in Copey, which accounts for 45,929 ha (Instituto Costarricense de Turismo, 
2016).  
In Santa Maria, studied coffee farmers were members of the coffee cooperative 
“Coopedota”. These farmers also produce a wide range of fruits like avocado (Persea 
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americana), banana (Musa sp.) and A. cherimola. The Costa Rican Ministry of Agriculture 
and Livestock (Ministerio de Agricultura y Ganadería, MAG) states that the majority of the 
farmers often intercrops A. cherimola with coffee and states that during years with bad 
coffee prices A. cherimola is more likely to be harvested and provide then the needed extra 
income. During years with high coffee prices the focus would shift back to the cultivation of 
coffee and in those years some farmers will not invest in harvesting A. cherimola fruits 
(Cerdas Araya, 2007). In Copey, the selected farmers were mainly producing fruits, like 
avocado and apples (Malus domestica), but also various berries and A. cherimola.  

8.2 Research plan 

As the first step of this research focus groups of farmers were hosted within the selected 
communities to find out the current and desired management of A. cherimola and the values 
connected to the crop. Afterwards personal interviews were conducted to i) obtain 
quantifiable information about the values mentioned during the focus group discussions; and 
ii) verify if and how farmers would prefer to conserve genetic diversity of A. cherimola.   
To know better if the genetic diversity as documented by van Zonneveld (2012) is also 
visible in the landscape as phenotypical diversity, a pomological study was conducted.  

8.2.1 Focus groups 
“Human values” are the first factor that should be analysed according to Wallace (2012). To 
that end, 4 respondent groups were selected: men from Copey, men from Santa Maria, 
women from Copey, and women of Santa Maria.  
In Santa Maria, the people who participated in these sessions were contacted via the 
member list of the cooperative, Coopedota, because most of the coffee farmers are known 
to have A. chermola on their property to provide shade to their coffee production. Because 
Copey farmers do not have a well working fruit cooperative, farmers in this region were 
contacted with the help of one of their peers, whose contacts were provided to us by the 
Costa Rican Ministry of Agriculture (MAG). Groups were during the session separated 
according to gender. In Copey no female producers who were willing to join the research 
were found and unfortunately the wives of male producers also were not interested in joining 
the research because they stated not to be involved in any way in the production process of 
A. cherimola. This meant that only 3 sessions could be organized instead of 4. Our 
hypotheses states that values for women will differ from those of men.   
 
The first focus group was hosted in Santa Maria on the 16th of August with 12 men and 2 
women attending. Because this thesis wants to compare the responses according to gender, 
the 2 women formed a separate group during the entire session. The second focus group 
was organized on the 20th of August with 3 women in Santa Maria. To the 3rd focus group, 
organized on the 24th of August in Copey, 7 men attended.  
Focus groups were organized in 2-hour sessions that were moderated by the thesis author 
who acted as focus group facilitator. The facilitator ensured to include all participants so 
everybody was heard.  
The session was composed out of three blocks. The first block consisted of a welcoming 
game in which the farmers presented themselves and answered a short question about 
typical customs in Costa Rica (what is the national song, what is the national drink, what is a 
traditional dance of Costa Rica, etc.). This game was included to create a positive 
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atmosphere. Next, the rules of the session (listen to each other, no use of mobile phones 
and only speak if you are given the floor) were presented to the participants to increase 
productivity. Afterwards, using a MS-PowerPoint presentation, the facilitator provided extra 
information about earlier research on A. cherimola diversity in Costa Rica and the diversity 
within their region. The main goal of this presentation was to set the context of the session 
and give them more information about the goals of the research they were participating in. 
The map of Larranaga et al. (2017), which visualizes the heterozygosity, was shown to 
indicate the high biodiversity of the region.   
In the second part of the focus group session, a conversation was started on the values that 
participants connect to A. cherimola. Farmers were asked to spontaneously form 3 or 2 
subgroups of 3 to 5 people (depending on the total group size).  
The farmers were asked to discuss within the small groups how they would complete three 
sentences:  
- (No) me gusta anona porque … (I do or don’t like A. cherimola because … ) 
- Cultivo anona porque (I cultivate A. chermola because …) 
- Uso la fruta para … (I use A. cherimola for …)  
With these statements the farmers discussed the values connected to the fruit, the role of A. 
cherimola on the farm and the use of the fruit and tree during 20 minutes.  
Afterwards, the subgroups wrote their final statements on post-its and each group chose one 
person to present their answers to the entire group. The other groups were given the 
opportunity to express their thoughts on the values that were mentioned by the other group 
and indicate whether they agreed or not.  
The facilitator tried to paraphrase the answers at the end of the presentations to give a short 
overview on the values that were mentioned up to that moment.  
The third block consisted of an exercise to visualize current and future management, 
production and use status of A. cherimola. Farmers were asked again to form subgroups, 
but with another composition so that the participants had different discussion partners for 
this exercise. The new subgroups were asked to describe the past (20 years ago), present 
and future (in 20 years) management of A. cherimola. They were asked to discuss following 
topics within their group:  
- Role of A. cherimola on their fields during these 3 different moments in time; 
- Management of A. cherimola during these 3 different moments in time; 
- Desired future status of A. cherimola (conservation, use, management and market).  
 
Participants were allowed to sketch, make a list of bullet points or write a short description 
about their thoughts concerning the 3 above-mentioned topics. To create more structure and 
make it easier to afterwards compare the groups, farmers were asked to report their 
discussion on a poster, using a structure with columns (Figure 7).  
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Figure 7: Visuals used during focus group sessions: flipchart listing questions of exercise 1 
on the left and flipchart structuring the answers on exercise 2 on the right (Santa Maria, 16th 
of August 2017). 
 
Afterwards, subgroups presented their poster to each other and elaborated on what they 
discussed in the smaller groups. Other groups were asked to share their remarks.  
The groups were then asked which changes are needed to achieve the desired status that 
they described in the last column. 
Results of the 3 sessions were afterwards compared between the genders and between the 
communities to distil the different values the farmers mentioned. Comparison between past 
and present allowed to verify changes in A. cherimola use, conservation and management 
status during the past 20 years and whether values connected to the fruit have changed 
accordingly. Results of the last discussion on possible paths to achieve the desired status of 
A. cherimola were used to feed a further discussion on solutions to conserve the A. 
cherimola diversity.  
After the focus group use, management and conservation values were rephrased to the 
values as described in the paper of Wallace (2012).  

8.2.2 Personal interviews 
Following focus group discussions, individual interviews were held with men and women 
from the same 2 communities to obtain more in depth and quantitative information on the 
values the respondents connected with A. cherimola during the focus groups. During the 
interviews, also personal data was gathered to link answers on A. cherimola to personal 
characteristics of the farmer and his farm.  
In Copey, 14 farmers were interviewed from the 28th of August to the 9th of September. In 
Santa Maria the same number of farmers was interviewed in the period of the 11th of 
September until the 3rd of October.  
Interviews took 45 to 120 minutes, including fruit collection on the farms. 

8.2.2.1 Questionnaire 
First, questions were presented to farmers as a written questionnaire, which they had to fill 
out without interviewer interference. This part of the personal interview took 10 to 20 minutes 
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(Appendix 12.1.1.: original questionnaire). Each statement with the questionnaire was 
connected with one or two values that were synthesized out of the focus groups.  
The questionnaire consisted of 2 series of statements about which people should indicate if 
they agree or not on a scale of totally disagree until totally agree (on a scale from -2 to 2). 
The first series of 23 statements assessed the motives for having A. cherimola on their 
property and included both values mentioned during focus group sessions and values from 
the paper of Wallace (2012). The second series included the same 23 statements, but this 
time concerning the production of avocado. This because avocado is a major fruit crop for 
both the coffee producers in Santa Maria and the fruit producers in Copey. Comparison of 
the answers on A. cherimola with those on avocado allowed to verify whether highly ranked 
values were solely connected to A. cherimola or if also other crops on the farm have the 
same purposes, uses and values. The present thesis assumes that some values (indigenous 
value, health contribution, agronomical value, etc.) will exclusively be connected to A. 
cherimola and can be selected to create the conservation management strategy.  
Afterwards, the farmers were asked to mark those statements to which they agreed as part 
of the 3rd, 4th and 5th set of statements within the questionnaire. These statements 
concerned:  
- Reasons why they would or would not maintain A. cherimola on their property (3rd set of 
statements);  
- The current post-harvest use of A. cherimola (4th set of statements); and 
- Incentives required to invest in A. cherimola production (5th set of statements).  

8.2.2.2 Questionnaire analyses 
The cumulative value and the average values of the first set of statements were calculated 
for both communities and compared. The cumulative value was obtained as indicated below: 
Cumulative value= A * -2 + B*-1 + C*0 + D*1 + E*2 
A= number of people totally not agreeing with the statement 
B= number of people not agreeing with the statement 
C= number of people indicating to be neutral about the statement 
D= number of people agreeing with the statement 
E= number of people totally agreeing with the statement 
Average values were obtained by dividing the cumulative value of each statement by the 
number of people who answered the statement. 
The answers on the statements concerning avocado (set 2) were compared to those of A. 
cherimola (set 1) by calculating the absolute difference in cumulative value per community.  
For the 3rd, 4th and 5th set of statements, the share of respondents agreeing per statement 
was linked to the values and compared between the 2 communities.  
Afterwards, the average cumulative value for set 1 and the average share of people agree to 
the questions in sets 3 to 5 were calculated per value and compared.   

8.2.2.3 Structured interview 
After the questionnaire, some open-ended and closed-ended questions were asked to the 
farmers as part of a structured interview. This interview took on average 15 minutes and 
gathered information on (Appendix 12.1.2.: list of the original questions):  
- Personal data: farmer age, his/her role on the farm (owner, seasonal worker, etc.), level of 
education and civil status; 
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- Coffee production and sales (in Santa Maria): plantation age, size (ha), yield (kg green 
beans per ha per year), share (%) of trees used for providing shade, coffee buyers, coffee 
price (per kg); in Copey, farmers were asked about their fruit production and sales: fruit tree 
species, number of trees of each species, fruit buyers; 
- A. cherimola production: tree number, age and location (i.e. in groups, between the other 
crops on the farm, in rows, etc.); tree origin (planted, naturally occurring, replanted, etc.), 
fruit yield per tree (kg); 
- A. cherimola management: pruning frequency, criteria to prune, irrigation system, fertilizer 
type (oganic, chemical or both) and application frequency, pesticides used (targeted pests or 
diseases), pesticide use frequency, weeding procedure and frequency; 
- A. cherimola harvest: harvest time, fruit loss percentage and causes of fruit loss and fruit 
harvest quality (scale: very bad, bad, neutral, good, very good); 
- Economic information about A. cherimola: share of fruits consumed and share of fruits sold, 
fruit market chain, fruit sales prices;  

8.2.2.4 Analyses of the structured interview  
The link between personal information about the farmer (education and age) and the 
performed management actions was researched. This could provide us with a target group 
(for example certain generation which is actively maintaining A. cherimola) to conserve A. 
cherimola.  
The information about the production of the main crop (coffee in Santa Maria or other fruits 
in Copey) on the farm was compared with the management actions to evaluate if there is a 
link between the total farm size and the current A. cherimola management. This also aimed 
to evaluate if there is a target group that would be more interested in the conservation 
practices.  
Because coffee can be produced under shade, the link between shade percentage and the 
amount and yield of A. cherimola is researched. Furthermore, the management practices to 
maintain A. cherimola trees and coffee yield are connected to the shade percentage. Shade 
cover was categorized in two groups: i) < 20% of the trees on the property used to provide 
shade; and ii) > 20% of trees used to provide shade. For farmers in Santa Maria, positive 
correlations between shade percentage and coffee and A. cherimola yield could be an 
incentive to grow more shadow providing trees like A. cherimola. We hypothesize that a 
higher share of shade trees on the farm, results in a higher share of A. cherimola on the 
property. The number of farmers in both categories and their respective A. cherimola 
maintenance practices are compared to find the target group for A. cherimola conservation.  
For both communities, the A. cherimola tree numbers were compared with the frequency of 
pesticide and chemical fertilizer use. This to analyse if A. cherimola can be planted to reduce 
the use of pesticides and chemical fertilizers, which could be an incentive for farmers who 
want to produce more organically. This analyses can be linked to the value ‘Physical and 
chemical environment’ (Wallace, 2012). 

8.2.2.5 Semi-structured interview 
The last part of the personal interview was a semi-structured interview in which 9 open-
ended questions were presented to the farmers (Appendix 12.1.3: list of the original Spanish 
questions): 
− What is the value of the diversity of A. cherimola en your property? 
− What are the main problems within the production of A. cherimola? 
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− How would you resolve the before mentioned problems within the production process? 
− What are the main problems concerning the sale of A. cherimola? 
− How would you resolve the before mentioned problems concerning the sale of A. 

cherimola? 
− How do you see the future? What is your vision concerning A. cherimola? 
− What would be the main measures to conserve A. cherimola? 
− In which way would you like to contribute to the conservation of the diversity of A. 

cherimola in Costa Rica? 
− What do you think about the conservation of A. cherimola on your property? Under which 

conditions do you think that the conservation of A. cherimola would be viable? 

8.2.2.6 Analyses of the semi-structured interview 
The values specifically connected to the diversity of A. cherimola were listed and the amount 
of people per community mentioning these values was counted to be able to rank the main 
reason for maintaining the diversity.  
The most common problems of the production and sale are ranked for both communities and 
compared to analyse if both communities are facing the same problems.  
The possible solutions for the mentioned problems are listed per problem and ranked 
according to the highest amount of people mentioning it to define the solutions, which are 
supported by most of the members of each of the two communities. The solutions are 
compared to evaluate if both communities envision the same possible resolutions.  
The last four questions aimed to stimulate the farmer to think about ways to conserve A. 
cherimola and how he or she as an individual could contribute to the conservation of the 
diversity of this tree. The answers were seen as proposed management actions and were 
connected to the values mentioned during the focus groups and the rest of the personal 
interview.  

8.2.3 Creating the management to conserve biodiversity 
The values which were obtained out of the analyses of the focus groups and the personal 
interviews were translated into goals by the author of this thesis as the second step of the 
creation of a sustainable management to conserve biodiversity, as stated by Wallace (2012).  
After setting the goals, the key biodiversity assets that should be restored or maintained 
were listed. Followed by identifying the ecosystem processes that should be managed.  
Afterwards, the management proposals which were retrieved out of the last four questions of 
the personal interview were connected to the list of values, goals, assets and ecosystem 
processes. To gain further management actions, especially for the values that were highly 
important for the communities but for which they had not mentioned solutions during 
interviews, other actors were interviewed and literature was consulted to obtain the first draft 
of 20 proposed management actions.   

8.2.4 Pomological information 
During personal interviews pomological information on the A. cherimola trees that occur on 
the interviewees’ properties was collected. This was done to get more information on the 
phenotypical diversity within and between farms and between and within the two study 
regions. 
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The “Wisdom of Crowds” theory (Steinke et al, 2017), stating that many independent 
observations from a diverse group of people will often lead to an accurate result when taken 
as a whole, was used to rapidly access the phenotypical A. cherimola diversity on the 
respondents’ farms.  

8.2.4.1 Collecting and ranking of the fruits  
Three trees ere randomly selected on the properties of the farmers who participated in 
interviews. On each tree 2 or 3 fruits were randomly selected. Only a total of 18 farmers 
participated within this part of the research out of the 28 that were interviewed. The 10 
remaining farmers did not have fruits on their trees at the moment of our visit, so collecting 
fruits was not possible on these farms. Nine out of these 18 farms were from Copey, 
whereas the other 9 were in Santa Maria. In Copey, we harvested fruits between the 28th of 
august and the 9th of September. In Santa Maria, we collected fruits between the 11th of 
September and the 3rd of October. 
Tree geographical coordinates were determined by a GPS and each tree got a unique ID-
number that was linked to the coordinates. Out of the 2 or 3 fruits picked per tree, one was 
selected for comparison with the other fruits from the other trees of the farm according to a 
set of fruit characteristics.  
Farmers were asked to describe the properties of these 3 selected fruits by means of a 
questionnaire in which the farmer had to rank the fruits according to: 
- level of sweetness (which fruit is the sweetest);  
- taste (which fruit tastes the best); 
- marketability (which fruit is the easiest to sell);  
- yield (which tree provides the highest yield);  
- agronomic traits (which fruit is the easiest to produce); 
The first farmer was visited on the 28th of August and was selected as a custodian farmer 
because this farmer started a plantation of 1200 A. cherimola trees from 3 selected cultivars, 
while maintaining a group of older trees with different phenotypical appearances on his 
property. On the custodian farm, 5 trees (ID number 106, 107, 108, 109, 110) were randomly 
selected from the group of older trees. Of each of the five trees 2 or 3 fruits were randomly 
selected. One of the fruits of each of the five trees were used to rank according to overall 
favourability, first by the custodian farmer and later by all other 17 farmers. Initially, the real 
fruits were ranked, but later on they were ranked via photos of the original fruits to avoid 
colour and fruit appearance change over time.  

8.2.4.2 Pomological data 
After collecting and ranking the A. cherimola fruits on the farm pomological data was 
collected. Due to the length of the process of characterisation and measuring, this was not 
done on the farm. Seven fruit characteristics were recorded:  
- Fruit shape; 
- Botanical form (peel type); 
- Fruit weight; 
- Pulp weight; 
- Fruit size; 
- Number of seeds per fruit; 
- Total seed weight per fruit.  
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We used the same descriptors as Scheldeman (2002), who looked at the distribution and 
cultivation potential of A. cherimola in Ecuador. These descriptors were based on the 
Tropical Fruit descriptor of the International Plant Genetics Resource Institute (IPGRI, 1980).  

Fruit shape characterization was based on classification into 5 botanical forms (Vanhove, 
2008) (Figure 8). 

 
Figure 8: Descriptor for fruit shape of A. cherimola: 1: ‘round’; 2: ‘oblate’; 3: ‘cordate’; 4: 
‘broadly cordate’; 5: ‘oval’ (Vanhove, 2008). 

Botanical forms (Figure 9) are distinguished based on skin type (Safford, 1974):  
-  ‘laevis’ (smooth): smooth fruit skin, difficult to discern areoles  
- ‘impressa’ (fingerprinted): areoles are U-shaped depressions  
-  ‘umbonata’: small points at the apex of each areole  
-  ‘tuberculata’: large sharp points at the apex of each areole  
-  ‘mamillata’: areoles form large blunt protuberances  

Figure 9: Different botanical forms of A. cherimola fruits: forma a: ‘laevis’; b: ‘impressa’; c: 
‘umbonata’; d: ‘tuberculata’; e: ‘mamillata’ (Scheldeman, 2002).  

Fruit size was measured with a calliper, with a precision of 1 mm. Fruit weight was measured 
with an analogue kitchen scale with a precision of 5g. Fruits skin and seeds were removed to 
weigh the pulp. Afterwards, seeds were counted per fruit and all fruit seeds were weighted 
together.  

8.2.4.3 Analyse of the pomological data and ranking 
First, average fruit and pulp weight, fruit length, total seed weight and total seed number was 
calculated from the 2 or 3 fruits collected per tree. Total seed weight per fruit and total 
number of seeds per fruit were divided by the average fruit weight and multiplied by 100 to 
calculate seed weight and seed number per 100 g of fruit, because farmers stated that the 
fruit seed ratio is important for the customers. Averages and variations of fruit weight and 



 42 

length, pulp weight, seed weight and seed number were calculated for the whole fruit sample 
as well as for each individual community. Results were compared per property between the 
two communities to investigate if these properties on average differ between the two 
communities.  
Furthermore, the frequencies of the combinations skin type and form type were listed, 
visualised and discussed for the whole population and per community. The frequencies 
found in the communities were compared with a given expected set of frequencies that 
assumed that all combinations occur equivalently via a chi-squared test.  
Farmers’ fruit rankings were discussed per community. The correlation between the average 
fruit parameters of the three fruits and their ranking was calculated. Also the association 
between fruit ranking order and skin type and form type was studied per community.  
Finally, the overall rankings of the five fruits of the custodian farmers were analysed for all 
farmers, the farmers from Copey and the farmers from Santa Maria. Therefore, the 
cumulative value and average value was calculated as following:  
Cumulative value= A* -2 + B* -1 + C* 0 + D* 1 + E *2; 
A = number of people ranking the fruit as a 
B = number of people ranking the fruit as b 
C= number of people raking the fruit as c 
D= number of people ranking the fruit as d 
E= number of people ranking the fruit as e 
If the ranking is a<b<c<d<e 
Average value= cumulative value / N 
N= amount of farmers that ranked the fruits 
 
Cumulative values and average values of the five fruits were compared and connected to 
their seven fruit characteristics. This results in general rankings of the 5 fruits for the whole 
population and per community. The general rankings of the fruits can be connected to the 
seven fruit characteristic to find the preferred characteristics for the whole population and per 
community.  

8.2.5 Feedback session on the management proposal 
To check feasibility of the management actions as last step of the process of Wallace 
(2012), two groups of people were interviewed. Firstly, a set of stakeholders (excluding 
famers) were individually interviewed about the specific management actions which could 
include the need for their assistance or on which they had a certain expertise. The remarks 
of these stakeholders were used to improve the 20 management actions. The mentioned 
difficulties and concerns of the stakeholders were included in this thesis as well as the way 
in which the stakeholders would like to contribute or support the management actions. 
Secondly, a new focus group session was organized with the farmers that attended the first 
set of focus groups and those who were interviewed. During this session the 20 
management actions were presented, discuss and evaluate. Only in Santa Maria a focus 
group could be organized, with 9 farmers on the 11th of October 2017.  
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Figure 10: Visuals of all proposed management actions during the focus group (left) and 
coffee farmer presenting the 3 selected management actions of his group to the others 
(Santa Maria, 11th of October 2017).  
 
The focus group lasted two hours and consisted of a presentation of 30 minutes during 
which the 20 management actions were presented, while farmers could ask questions with 
the sole purpose of clarification. Every management was displayed as a visual on the wall 
with key words and some supportive drawing. Afterwards the farmers formed two groups 
and discussed within the groups for 20 minutes which 3 management actions they would 
prefer. They were explained that after the discussion they should present the chosen 
proposed actions, as well as how and if they would modify the proposed actions and who 
would execute the proposed management actions. The other group could then ask questions 
to clarify the chosen proposed actions and could give comments to express if they agreed or 
not and clarify why. The ideas and remarks of the farmers were further integrated in the 20 
management actions.  
As the last part of the session the farmers were asked to each divide 3 stickers over the 20 
visuals with management actions, they could emphasis on one of the actions by choosing to 
stick more than one sticker on the visual. The results of the voting by the farmers determined 
the ranking of the proposed management actions. 
To increase the amount of feedback the focus group was repeated on the 12th of October 
2017 with 27 students and researchers who resided on the campus of CATIE (Center for 
Tropical Agriculture Research and Education) in Turrialba, Costa Rica. Before the session 
started, a small PowerPoint presentation was given about the goal of the research and the 
past studies about the genetical diversity of A. cherimola in Costa Rica. The students were 
for the discussion divided randomly in 4 groups instead of two, but followed the exact same 
process. Each student also distributed 3 stickers over the visuals to indicate their preference.  
The results of the group session in Turrialba were compared with those of the farmers in 
Santa Maria.  

8.2.6 Feasibility analysis of the management proposals 
The feasibility of the execution of the measures was visualized by allocating a number 
between 1 and 4 based on the level of difficulties to implementation and level of costs as 
proposed by Wallace (2012). 
For the implementation difficulty the level should be interpreted as following:  
1: easy; 
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2: moderate; 
3: difficult; 
4: impossible without governmental changes; 
Level 1 to 4 of the finances needed to implement the measures means the following:  
1: cheap; 
2: requires moderate funding; 
3: requires big private investments; 
4: requires big public investments. 
When the numbers of the feasibility analysis or higher, it will take more time, effort and 
funding to implement the measures. This can be due to a current lack of knowledge, 
experience, facilities or interaction between actors. Level 3 (private investments) of the cost 
analyses is not considered always to be more expensive than 4 (public investments), but we 
consider that public investments lower the amount of independence the farmers has about 
the execution of the project.  
The numbers were allocated according to the information provided by the stakeholders, 
farmers and literature.  
The ranking according to the feasibility analyses was compared with the ranking received 
from the feedback session of the farmers, to check if there is a link between those measures 
that are considered easy and cheap to implement and those that are preferred by the 
farmers.  

9 Data and discussion  
The following paragraphs will state and discuss the information gathered during the focus 
groups, the interviews and feedback session. It will analyse and discuss the collected 
pomological data for each community. Furthermore, the information will be connected to the 
Wallace framework (2012) at all time.  

9.1 Discussion of the focus groups 
Table 3: Overview of the discussions about the completion of the different statements 
(shown in bold) as the first exercise during of the focus groups per group (men from Santa 
Maria, women from Santa Maria and men from Copey).  
Men from Santa Maria Women from Santa Maria Men from Copey  
I do like A. cherimola 
because … 
- it has a high nutritional 
value 
- it is very tasty 
- healthy fruit 
- because it is part of the 
environment  

I do like A. cherimola 
because … 
- it has a pleasant taste 
- it has a high nutritional 
value 
- it is a very sweet fruit 
- it is a healthy fruit  
- traditional crop  
 

I do like A. cherimola 
because … 
- it is very tasty  
- it is very healthy  
- it has a high nutritional 
value 
- traditional crop 

I don’t like A. cherimola 
because … 
- there is a lot of theft of the 
fruits 
- the number of pests is 
increasing  

I don’t like A. cherimola 
because … 
- there is a lot of theft  
- the amount of pests is 
increasing  
 

I don’t like A. cherimola 
because … 
- there is a lot of theft 
- there is lack of technical 
knowledge about the 
production (pruning, etc.)  
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I don’t like A. cherimola 
because … 
- there is a lack of technical 
knowledge about the 
production (pruning, 
diseases) 
- fruit oxidizes rapidly 
(difficulty to transport) 
 

I don’t like A. cherimola 
because … 
- there is a lack of technical 
knowledge about the 
production (pruning, 
diseases)  
- fruit oxidizes rapidly 
(difficulty to transport)  
 

I don’t like A. cherimola 
because … 
- high variation in yield over 
the years  
- quality on the market varies 
a lot, which suppresses the 
price low  
- no national market  
- short harvest period 
- fruit oxidizes rapidly  

I cultivate A. chermola 
because … 
- it generates an alternative 
income 
- it provides shadow for the 
coffee production 
- it is easy to produce 
- it has a large market 
- it is easy to market  
- the crop is resistant to 
diseases 
- it has always been present 
on the farm  

I cultivate A. chermola 
because … 
- it generates an alternative 
income 
- it provides shadow for the 
coffee production 
- it is easy to produce  
- it has always been present 
on the farm 

I cultivate A. chermola 
because … 
- it generates an alternative 
income  
- it can be sold on local 
markets  
- it is easy to harvest and 
easy to sell 
- it has a high pest resistance  
- production costs are very 
low 
- it is easy to produce  
 

I use A. cherimola for … 
- medicinal value 
- own consumption 
- selling purposes  
- family consumption 

I use A. cherimola for … 
- medicinal value 
- family consumption 
- selling purposes  
- the production of other 
products 

I use A. cherimola for … 
- family consumption 
- the production of pulp for 
juice  
- selling purposes  
 

 
There were no huge differences between the answers of the three groups. Unlike what we 
expected, there was no difference between the answers of the men and women in Santa 
Maria. The most important value for all communities was extra income generation. In Santa 
Maria A. cherimola sales take place from September until December in which there is no 
income from the coffee production. Some farmers from Santa Maria admit that if the coffee 
harvest were really successful, they will not be so interested in putting a lot of energy in 
harvesting the A. cherimola trees on their fields.  
In Copey also other fruits such as avocados are harvested during these months. However, if 
yield of other fruits is low A. cherimola can provide the farmer with a necessary extra 
income. We noticed that all groups put emphasis on the positive health benefits of A. 
cherimola, but also state that knowledge about this benefits is being forgotten, especially by 
the younger generation. In all communities, A. cheirmola is considered a traditional crop that 
is being cultivated for many decades in the area and in many cases has been on the farm for 
several generations.  
In Santa Maria, the coffee farmers stated that A. cherimola is often produced within the 
coffee plantations, because it provides the coffee trees with shade but also conserves the 
groundwater, increases soil fertility and has other positive impacts on the coffee production 
like suppressing diseases.  
Fruit theft and new pests were noted as the biggest reasons to stop producing A. cherimola 
the past few years. The last couple of years organized thieves started stealing fruits 
(avocados, apples, A. cherimola, etc). They especially target properties that are located in 
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the mountains further away from the houses of farmers. Some farmers decided to build small 
houses on their property for wageworkers to live in during harvest season to prevent the 
thieves from stealing their whole harvest. The thieves do not steal small quantities but 
harvest mostly the whole orchard, leaving the farmer with huge financial losses.  
The high genetic diversity in the area, results in highly variable fruit quality on the market, 
which is suppressing the market price. That makes A. cherimola less interesting to invest in. 
All three focus groups expressed the need for more technical information to increase the 
quality and decrease fruit losses due to the newly occurring pests.  
 
Table 4: Overview of the discussion during exercise two which asked the farmers to describe 
past, current and desired A. cherimola production and market. Responses are listed per 
focus groups (men from Santa Maria, women from Santa Maria and men from Copey).  
Men from Santa Maria  Women from Santa Maria  Men from Copey  
Past production:  
- High harvest 
- Less pests 
- Less theft  
- More wild trees 
- Only little commercialization  
- Lot of organic production 

Past production:  
- Less trees 
- Less commercialized  
- Small market  
 
 
 

Past production: 
- More trees 
- More varieties 
- No structured management 
- Small, but good market  
- Less pests 

Current production: 
- More pests 
- Stagnating prices 
- More competition between 
farmers 
- Lower quality of the fruits 
- Economically more 
important  
- Better commercialization  
- Intercrop with coffee 
 

Current production: 
- More theft 
- Big market 
- More pests 
- Lower yield 
- Lack of technical 
information about the 
production  
- Important economic value 
- Grown on coffee 
plantations 

Current production: 
- Lots of old A. cherimola 
trees 
- Lower yield  
- Lots of theft 
- New pests 
- Lack of technical 
information about the 
production  
- Fruit is less popular 
(especially with youth)  

Future production:  
- Improved market 
- More research on pests 
- Consultable pool of 
technical knowledge about 
the production of A. 
cherimola  
- Higher prices 
- Export  
- Better traceability of the 
fruits to decrease robberies 
- Available technical training 
for farmers to increase yield 
- Genetically improved 
varieties 

Future production:  
- More research on the 
production of A. cherimola  
- More alternative products 
created from A. cherimola  
- Better network within the 
coffee cooperative to share 
information between farmers 
about the production of A. 
cherimola  
- Better regulation to reduce 
robberies  
- Genetically improved 
varieties  

Future production:  
- Management based on 
more technical knowledge 
- Uniform sale (improve 
quality)  
- Higher yield 
- Improved market  
- Create germplasm bank to 
conserve local varieties 
- Promote nutritional value 
 

 
Also in exercise two, we found that there were no remarkable differences within the answers 
of the men and women within Santa Maria. For the future, some desired changes were 
mentioned by all three groups; more technical information on the A. cherimola production, an 
improved market and higher prices. In Santa Maria, both men and women expressed the 
need for better regulation to reduce theft. More directly connected to the conservation of 
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genetic diversity, the focus group in Copey proposed to install a germplasm bank to 
conserve local A. cherimola varieties. The community in Santa Maria is more interested in 
having genetically improved varieties, especially to guarantee better quality on the market. 
The farmers mentioned that they assume that to create these improved varieties, a collection 
of local varieties should be installed that can be tapped from to breed new varieties that can 
better cope with changing climate in the future.  
Out of these three focus groups the values as described by Wallace (2012) were analysed 
and included as statements within the questionnaire that was filled in by the farmers during 
the personal interviews. Ten different values (Table 5) were mentioned during the focus 
groups.  
 
Table 5: Overview of the values mentioned during the focus groups and the summary of the 
context in which their were mentioned per group (men from Santa Maria, women from Santa 
Maria and men from Copey).  
 
Value 

Men Santa Maria Women Santa Maria Men Copey 

Health promoting 
value 

Fruit is healthy, 
nutritional 

Fruit is healthy, 
nutritional 

Fruit is healthy, 
nutritional 

Agrotechnical Shadow for coffee 
trees 

Shadow for coffee 
trees 

High pest resistance  

Economical Easy way to generate 
extra income  

Easy way to 
generate extra 

income 

Easy way to 
generate extra 

income 
Genetic diversity  Conserving genes as 

source for creating 
genetically improved 

varieties  

Conserving genes as 
source for creating 

genetically improved 
varieties 

Need germplasm 
bank to conserve 

local varieties  

Physical and 
chemical 
environment 

Positive influence on 
soil fertility, water 

management 

Positive influence on 
soil fertility, water 

management 

Positive influence on 
soil fertility 

Recreational  Part of the natural 
landscape  

Part of the natural 
landscape  

Part of the natural 
landscape  

Cultural heritage Has always grown on 
the farm and eaten by 

the farmers 

Has always grown on 
the farm and eaten 

by the farmers 

Has always grown on 
the farm and eaten 

by the farmers 
Adequate resource  Family consumption  Family consumption Family consumption 
Socio-political 
fulfilment_ justice  

Theft  Theft Theft 

Socio-political 
fulfilment  _ 
education 

Loss of knowledge on 
A. cherimola 

production + lack of 
information on how to 

control newly 
introduced pests 

Loss of knowledge 
on A. cherimola 

production + lack of 
information on how 

to control newly 
introduced pests 

Loss of knowledge 
on A. cherimola 

production + lack of 
information on how 

to control newly 
introduced pests.  

Loss of the 
knowledge about 
health promoting 

values 
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Quantitative information about the above-mentioned values was collected by a set of 
statements within the questionnaire (Appendix 12.1.3) that was conducted as first part of the 
personal interview. Every value was connected with one or more statements within the 
questionnaire (Table 6), although it was not possible to link all statements to values. 
Statement 7 (“I do not use the fruit”) of question 4 and statements 1 (“always”), 2 (“never”) 
and 9 (“I do not know”) of question 5 were not mentioned within Table 6, because they can 
not be connected to any certain value.  
 
Table 6: Overview of the values and the statements from the questionnaire which 
correspond with it, listed per value and per question. The statements connected to numbers 
within this table can be found back in Appendix 12.1.3.  
Values  Question 

1&2 
Question 3 Question 4 Question 5 

Health promoting value 7, 9 7 8 / 

Agrotechnical 2, 10, 14, 15, 
17, 19, 20, 23 

6, 8 / 4, 5 

Economical 3 2, 3, 4  / 3 
Genetic diversity  4 5 / /  
Physical and chemical 
environment 

12, 13, 20, 21 5, 9, 10, 11 / 6, 7, 8 

Recreational  1, 18 1 4 /  
Cultural heritage 6, 8, 11 1  2, 3,  / 
Adequate resource  5, 15 4 1, 5, 6 / 
Socio political 
fulfilment_ justice  

/ 12 / / 

Socio political 
fulfilment  _ education 

/ 13 / / 

 
“Agrotechnical value” was added to the values proposed by Wallace (2012) and defined as 
the positive influence of A. cherimola on the cultivation of other crops on the farm. On coffee 
plantations A. cherimola was valued during all focus groups in Santa Maria because they 
provide shade to coffee trees. Socio-political fulfilment was divided in two sub-values: justice 
and education. In the past there were less thefts and farmers had the opportunity to eat the 
fruits that were growing on their land. Currently, they feel this right is violated because law 
enforcement is doing not enough to protect their property. Socio-political fulfilment _ 
education concerns the lack of technical knowledge on A. cherimola production, which 
according to farmers in Santa Maria decreased because of the shift to coffee and avocado 
cultivation. As a result, e.g. A. cherimola pruning is nowadays often neglected.  Some 
farmers are trying to educate themselves, but it is also suggested that the local entity of the 
MAG should provide training in the A. cherimola cultivation. In Copey, farmers also stated 
that the knowledge on the health benefits of eating A. cherimola fruits is being lost. They 
explained that in the past, people ate the fruit to protect them from cancer or other diseases, 
but nowadays children and young adults are eating more non-native fruits such as apples.  
Wallace (2012) classified the sub-value of biodiversity under spiritual and philosophical 
value, the three focus groups described the value of biodiversity rather as a technical tool to 
protect themselves against the effects of climate change and the occurrence of new pests. 
So in this thesis we chose to create an additional value “genetic diversity”, which was 
confirmed to be important by all focus groups in Santa Maria and Copey.   
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9.2 Data and discussion of the questionnaires 
The following paragraphs will discuss the results from the questionnaire per question. They 
will compare and discuss the results between the two communities and link the results to the 
values that were discussed before.  

9.2.1 I have A. cherimola on my property because 
The tables A to D (Appendix 12.2.) provide the overview of how many farmers have 
indicated per step of the scale (-2 to 2) per statement and per community (Copey and Santa 
Maria) for questions 1 and 2 of the questionnaire. The last two columns indicate the 
cumulative score and the average score.  
For 3 statements; 4 (‘because I believe it is good to have a variety of species on my 
property’), 5 (‘because I like the taste’) and 6 (‘because I think it is a fruit native to my 
country’) 11 out of the 14 questioned farmers in Copey answered “totally agree”. The highest 
cumulative value and average value is obtained by statement number 5 (‘because I like the 
taste’), respectively 24 and 1.71. These 3 statements represent the values ‘adequate 
resource’, ‘genetic diversity’ and ‘cultural heritage’.  
In Santa Maria, statements 5, 6 and 11 (‘because it has always grown on my property’) also 
obtained a high score, as was earlier also observed for the community in Copey, with 
cumulative scores of respectively 24, 24 and 22 and an average score of 1.71, 1.71 and 
1.57. The statements are connected to the same 3 values as the once that achieved the 
highest score in Copey.  
The statements with the lowest cumulative value in Copey were number 2 (‘positive 
influence on other crops’) and 18 (‘because children play with it’), with a cumulative value of 
-6 and -11. In Santa Maria the cumulative values of the statements that scored the worst 
were less negative; statements 15 (‘because I use the bark for firewood’) and 19 (‘because it 
provides shade’) had a cumulative scores of respectively -2 and -1.  
On average statements concerning the agrotechnical value had a cumulative score of 6.57, 
we can conclude that the farmers in Copey consider that A. cherimola does not have a 
distinct positive influence on other crops on the farm.  

9.2.2 I have avocado on my property because 
For question 2 concerning avocado, the statements 3 (‘because it provides an additional 
income’), 4 (‘because I believe it is good to have a variety of species on my property’), 5 
(‘because I like the taste’) and 9 (‘because then I am a more healthy person’) scored 20 or 
higher in Copey and the statements 3, 4, 5, 14 (‘because they provide shadow and a more 
favourable environment’) and 20 (‘because it decreases erosion’) achieved a cumulative 
score of 20 or higher in Santa Maria. Table 7 states the absolute difference between 
cumulative score of A. cherimola and avocado per community. For both communities there 
are huge differences for statement 6 (‘because I think it is a fruit native to my country’) and 
11 (‘because it has always grown on my property’). In Santa Maria and Copey both of these 
statements have a high score for A. cherimola, so it is possible to conclude that the “Cultural 
heritage” is an important value solely connected to A. cherimola. Statements 2 (‘because of 
the positive influence on the production of coffee or other crops’) and 18 (‘because children 
like to play within it’) in Copey and statements 3 (‘additional income’) and 15 (‘because I use 
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the bark for firewood’) in Santa Maria scored very low for the first question concerning A. 
cherimola and also for the second question the cumulative score was low with only a 
difference between 0 and 4. So the negative result cannot solely be connected to A. 
cherimola, but can be considered as a value that is in general less important for the farmers.  
 
Table 7: Absolute difference between the cumulative scores given for the statements about 
A. cherimola and those about avocado per community per statement.  
 Statement C

opey 

Santa 
M

aria 

1 For its scenic beauty 5 3 
2 Because it has a positive influence on the production of coffee or 

other crops 
4 3 

3 Because it provides me with an additional income 6 1 
4 Because I believe it is good to have a variety of species on my 

property 
0 2 

5 Because I like the taste 0 1 
6 Because I think it is a fruit native to my country 13 11 
7 For its medicinal value 1 2 
8 For the heritage of the indigenous culture 5 0 
9 Because when I eat A. cherimola I am a more healthy person 1 4 
10 Because this fruit helps to control pests on my property  4 13 
11 
 

Because it has always grown on my property 9 19 

12 Because this tree helps me to conserve water in the soil 0 1 
13 Because with this fruit the soil more fertil 1 0 
14 Because the trees provide shadow and so create a more favourable 

environment for the crops on my property 
3 0 

15 I use the bark for firewood 1 4 
16 The tree decreases the wind on my property 6 1 
17 Because these trees create a microclimate 1 1 
18 Because children play with the fruit 4 8 
19 because it provides shadow 0 0 
20 Because it decreases the erosion of the soil 1 0 
21 Because the tree has a positive influence on the nutrient cycle on 

my property 
9 2 

22 Because A. cherimola prevents the soil from drying out 5 5 
23 Because it prevents weeds 4 3 

9.2.3 Reasons to plant A. cherimola 
The percentage of people agreeing with the statements of question 3, which indicated the 
possible reasons to maintain A. cherimola on the farmers’ property, were added in appendix 
12.2 as table E. This table shows that in botch communities all farmers agree to maintain the 
A. cherimola cultivation if the cultivation and consumption are promoted (to e.g. tourists or 
students). Also ‘contribution to the biodiversity on the plantation’ scored very high in both 
Santa Maria and Copey, with 92,86% of people agreeing this is an important reason to 
maintain the trees. In Santa Maria statements 6 (‘only if the crop has a positive impact on 
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other crops on the farm’), 7 (‘for the nutritional value of the fruit’) and 11 (‘only if it protects 
the soil from erosion’) also were agreed upon by 93% of the farmer. An improved market 
(statement 3) scored high in both communities, but especially in Copey as a reason to keep 
producing A. cherimola in the future. Interestingly, nobody in Copey would keep growing A. 
cherimola if the government would financially reward him or her for it. If the current situation 
would not change, 64% of interviewed farmers in Copey and 71% interviewed farmers in 
Santa Maria would keep maintaining their trees.  

9.2.4 Use of A. cherimola  
The share of people agreeing with the statements in question 4, which assessed how the 
farmers use A. cherimola, were added as table F to appendix 12.2. The answers to these 
statements are very similar for both communities: high scores for statements 1 (‘I eat the 
fruit’) and 8 (‘consumption to improve my health’), which corresponds to values ‘adequate 
resource’ and ‘health promoting’. Religious reasons, non-edible products and not using the 
fruit at all scored very low in all communities. The recreational value, as described in 
statement 4 as “using the tree for ornamental reasons”, scored in both communities over 50 
%.  

9.2.5 Reasons to invest in the production of A. cherimola 
In both communities, 92.86% of interviewed farmers would invest in the production of A. 
cherimola without any specific incentive. In Santa Maria, 92.86% of the farmers also 
indicated they would invest in the production if this would provide economic benefits 
(statement 3) and if this would mitigate climate change (statement 7). These statements 
were agreed upon in Copey by respectively 78% and 71% of the farmers. The other 
statements; 6 (‘if the tree helps conserving water in the soil’) and 8 (‘if the tree has a positive 
influence on the nutrient cycle’) were also highly ranked in Santa Maria and could both be 
connected to the value ‘physical and chemical environment’, meaning the farmers value the 
positive influence of the tree to the surrounding environment.  

9.2.6 Summary of results 
In all communities the values ‘Health promotion’, ‘economic’ and ‘genetic diversity’ scored 
high on all questions with a cumulative score higher than 17 and percentage higher than 
60% on all questions (Table 8).  
 
‘Adequate resource’ value consists of 2 different topics captured by a single value: direct 
consumption (eating the fruit) and the use of the bark as firewood. Both statements have 
very different cumulative scores for question 1 (‘reasons to maintain A. cherimola on the 
farmers property’).  In Copey ‘use as firewood’ scored 6, whereas ‘use for consumption’ 
scored 24. In Santa Maria, cumulative scores for those statements were respectively -2 and 
24. We therefore chose to separate the value ‘adequate resource’ in sub-values ‘adequate 
resource – food’ and ‘adequate resource – firewood’. The value ‘adequate resource –food’ 
can be considered as important in both communities.  
In Santa Maria, statements linked with ‘agrotechnical value’ and ‘recreational value’ scored 
high. The agrotechnical statements that scored high in Santa Maria were ‘A. cherimola has a 
positive impact on other crops on my farm’, ‘A. cherimola helps me cope with pests’ and ‘A. 
cherimola increases the yield of other crops on my property’.  
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Table 8: Overview of the average cumulative scores per value per community on question 1 
and the average percentage of farmers agreeing per value on the statements of question 3, 
4 and 5 per community. Question 2 did not enquire information about A. cherimola, so was 
not added to this overview. The grouping of the statements per value was shown in the 
previous Table 6. 

Values 
Copey Santa Maria 

Q 1 Q 3 Q 4 Q 5 Q1 Q3 Q4 Q5 
Health promoting 
value 

17,5 78,57 71,43  20 92,86 92,86   

Agrotechnical 5,71 42,86  25,00 11,13 78,57   50,00 
Economical 20 61,90  78,57 19 76,19   92,86 
Genetic diversity  22 92,86   19 92,86     
Physical and 
chemical 
environment 

8,25 69,64  57,14
% 

16,5 80,36   88,10 

Recreational  1 64,29 21,43  4,5 71,43 64,29   
Cultural heritage 17,3 64,29 78,57  18,67 

 
71,43 21,43   

Adequate 
resource  

15 92,86 54,76  11 100 42,86   

Socio political 
fulfilment_ justice  

 21,43     57,14     

Socio political 
fulfilment  _ 
education 

 71,43   

  78,57     
 

9.3 Data and discussion of the structured interview 
Farmers in Copey and Santa Maria were on average respectively 45 years and 50 years old. 
If we compare the education level of farmers in both communities, the majority in Copey (8 
out of 14 farmers) finished primary school, whereas in Santa Maria 71% had a high school 
diploma and 33% out of those also graduated from university. Although in Santa Maria there 
were more people who frequently performed management practices like pruning, weeding, 
fertilizer and pesticide application, there is only a small correlation between the level of 
education and the maintenance of the A. cherimola trees. If performing every maintenance 
action got 1 point, farmers with only a primary school diploma scored 13 out of 20 (all 
farmers performed 13 of the total 20 maintenance actions on all the farms) or 65%, Santa 
Maria farmers with a high school diploma scored 64%, whereas farmers with a university 
degree scored 80%. There is also no correlation between the age of the farmer and the 
current management they perform.   
In Copey, 2 groups were made depending on farm size respectively less than 1000 fruit 
trees in total and more than 1000 fruit trees in total. Out of the 14 farmers in Copey, 6 had 
more than 1000 fruit trees, mostly avocado and apples. These larger farms also had a 
relative higher amount of A. cherimola trees on the property. Farmers with more than 1000 
other fruit trees have an average of 458.33 A. cherimola trees, whereas farms with less than 
1000 other trees only have 31 trees on average. Pruning is less performed on the large 
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farms compared to the small farms. However, the latter famers more frequently use 
fertilizers. On all large farms weeding is practiced at least one a year, whereas this was the 
case in only 62,5% of the smaller farms. A. cherimola fruit prices per kg were on average 
higher for farmers with bigger farms than for those farmers who had less then 1000 trees, 
respectively 1.44 and 1.07 euro per kg fruit. Out of the 8 smaller farms, two farmers also 
chose not to sell their A. cherimola fruits, but keep everything for family consumption.  
In Santa Maria, all interviewed farmers, own coffee plantations. Only one farmer was not 
connected to the coffee cooperative Coopedota, but was affiliated with Coopetarrazú.  
The median of the amount of hectares coffee production per farmer in Santa Maria was 5ha. 
As a result, farms were divided in ‘smaller farms’ if they had a maximum of 5 ha and ‘bigger 
farms’ if the coffee plantation had more than 5ha. Larger farms had more A. cherimola trees 
in total, but when the amount of A. cherimola per ha was calculated large farms had only 
19.5 fruits per ha whereas small farms had 22.7 trees per ha. Unlike Copey, in Santa Maria 
no link between the maintenance of the farm and the farm size could be found. Farmers in 
Santa Maria expressed that they performed pruning, fertilizing, weeding, … simultaneously 
for the coffee trees and the A. cherimola trees. This could be connected to the fact that 
almost all farmers (13 out of 14) answered their A. cherimola trees were planted ‘intercalado’ 
or ‘between other trees’.  
In Santa Maria farm categories were also considered according to the shade tree coverage. 
The median percentage of shade on the farms in Santa Maria was 20% (Table 11). Six out 
of 14 farmers had more than 20% of trees planted with the purpose of providing shade to the 
coffee trees. We found that there was a higher average coffee yield per ha when there was 
less than 20% shade. A higher shade cover (> 20%) resulted in a significant higher share of 
A. cherimola trees per ha. Average A. cherimola fruit yield per tree is lower if shade tree 
coverage is higher. If we again give one point per performed management action, the 
farmers with more than 20% shade score 67%, whereas those with less than 20% shade 
perform 73% of all management actions. Thus, a lower percentage of shade increases 
slightly the chance that more farmers will perform the management actions (Table 9).  
 
Table 9: overview of amount of people performing management practices per community 
and per management practice (pruning, applying fertilizer, applying pesticides, weeding).  
 Copey (out of 14) Santa Maria (out of 14)  
Pruning 10 13 
Applying fertilizers 9 13 
Applying pesticides 5 9 
Weeding 11 14 
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Table 10: average amount of trees, average share of fruit loss and average score of fruit 
quality (score between -2 to 2) per group (pesticide use in both communities. 
 Farmers using no 

pesticides use in 
Copey 

Farmers using 
pesticides in 
Copey 

Farmers 
using no 
pesticides in 
Santa Maria 

Farmers 
using 
pesticide in 
Santa Maria 

Average amount of 
A. cherimola trees 
per farm 

153,9 322,6 
 

76 125.6 

Average fruit loss 
(%) 

17,1 14,4 
 

15 25.8 

Quality (between -2 
and 2)  

1,66 1,2 1,8 1.4 

 
Table 11: Column 1 to 5 present the amount of farmers performing the management actions 
per group (less than 20 % of shade trees, more than 20% of shade trees). The last column 
calculates the % of management actions executed. 
 pruning irrigation fertilizations pesticides weeding Number of 

performed 
management 
actions (%) 

Shade 
trees 
<20% 

7 0 8 6 8 66.7 

Shade 
trees 
>20% 

6 0 5 3 6 72.5 

 
Farmers in Copey who use pesticides usually have larger farms (with relatively more A. 
cherimola trees). The loss is higher if no pesticides are used but only by less than 3% (Table 
10). The farmer was asked to describe the fruit quality from really bad to really good. 
Farmers stated fruits more often as good and really good if they did not use pesticide users 
(Table 10). Although it can be determined that this is a decisive factor when grading the 
fruits and other factors could influence their decision-making. In Santa Maria, the average 
amount of A. cherimola trees is again higher if pesticides were used, but here the loss is 
larger when pesticides were used. When looking at the cause of losses, in Santa Maria theft 
was frequently mentioned whereas in Copey this was not the case. In Santa Maria, farmers 
who did not use pesticides often state their fruits are good or really good than those who do 
use pesticides. It can be concluded that in both communities the fruit quality was considered 
higher by those farmers who do not use pesticides.  

9.4 Discussion of the semi-structured questions 
 
Both communities state to want to conserve the diversity of A. cherimola mainly to improve 
the varieties in the future (Table 12). Followed, by many farmers conserving this diversity for 
economical reasons, but also some not having a specific idea about why to conserve the 
diversity.  
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Table 12:  Overview of the reasons to maintain the diversity of A. cherimola and the number 
of people mentioning these reasons per community (Copey and Santa Maria). 
Sub-value Number of people 

mentioning this sub-
value in Copey  

Number of people 
mentioning this sub-
value in Santa Maria  

To be able to improved varieties (in general)  5 5 
To combat climate change 0 0 
To combat new pests 1 0 
Economical  1 3 
Medicinal value 2 2 
No value 1 1 
No idea 3 2 
To enjoy taste of different varieties  1 0 
Heritage 0 1 
 
The two main issues mentioned by both communities are the increase of pests and diseases 
(mainly anthracnose and a wasp which infects the fruits) and secondly the decreasing yields. 
In Santa Maria, farmers connected this yield decrease not only with the increasing pests but 
also with climate change. According to farmers, climate change increased the amount of rain 
during the rainy season and its duration, thus decreased pollination and created an 
environment in which fungi could thrive.  
The farmers in both communities stated that more knowledge about pests and pest 
management practices should be more easily available to increase yield in the future. 
Improved varieties were mentioned in both communities but were a more popular solution in 
Santa Maria, compared to Copey.  
As main problems of the sale the farmers in Copey stated low price, because this is only a 
temporal product which makes it difficult to find a fixed market and the varying quality of the 
fruits makes consumers less interested in the fruit and decreased the price again. It should 
be noted that out of the 14 farmers in Copey, 5 explained that they did not had any problems 
with the market of A. cherimola or the sale. In Santa Maria, 4 out of 14 farmers stated that 
theft is the main problem that keeps them from making a real profit out of A. cherimola, but 
also decreases market price because so many stores sell stolen fruit, whether or not 
knowingly. Next to theft, low prices due to varying fruit quality and lack of interested 
consumers were mentioned. In Santa Maria, also 4 out of 14 farmers stated that they did not 
experience any problems.  
Although the problems, except of theft, were very similar in both communities the proposed 
solutions were in some cases very differently (Table 13). In Santa Maria, 5 farmers stated 
the need for a cooperative so farmers can sell fruits together, where in Copey only 1 farmer 
mentioned this idea. In Copey, the general solution of a improving the market and increasing 
the prices was often mentioned, but with different ways to achieve this; from help from the 
government, to new products created out of A. cherimola and improved quality. In Santa 
Maria, farmers suggested that promoting the fruit more, increasing quality, exporting the fruit 
and branding it properly should improve the market. To decrease the amount of theft, more 
police during harvest season and systems to check the market chain were proposed.  
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Table 13: Overview of the different management proposals per value per community (Santa 
Maria and Copey).  
Values  Management proposals by 

farmers in Copey 
Management proposals by 
farmers in Santa Maria  

Health promoting value - Promote the health 
promoting factors of A. 
cherimola  

- Promote the health 
promoting factors of A. 
cherimola 

Agrotechnical - Stricter maintenance of the 
trees  

- Stricter maintenance of the 
trees (via more info about the 
A. cherimola production) 

Economical - Increase the amount of 
trees (and so the total yield)  
- Improve the quality of fruits 
available on the market to 
increase prices 
- Create new products to sell 
derived from A. cherimola  

- Increase the amount of 
trees (and so the total yield)  
- Improve the quality of fruits 
available on the market to 
increase prices 
- Create new products to sell 
derived from A. cherimola 

Genetic diversity  - Maintain the trees and the 
tree diversity on the 
plantation 
- Create a gene bank  
- Create new (improved) 
varieties  

- Maintain the trees and the 
tree diversity on the 
plantation 
- Create a gene bank  
- Create improved varieties 
- Economic support to 
maintain the diversity within 
the community 

Physical and chemical 
environment 

- Use fewer chemicals to 
maintain the trees.  

- Use more chemicals against 
new pests 

Recreational  - Promote A. cherimola to 
tourists  

 

Cultural heritage - Promote the local heritage  
- Maintain the trees on the 
plantation as part of the 
culture  

- Promote the local heritage  
- Promote the maintenance of 
the trees 
- Maintain the trees as part of 
the cultural heritage 

Adequate resource  - Create new ways to eat A. 
cherimola (as ice cream, as 
juice)  

- Increase family consumption 
- Create new ways to eat A. 
cherimola (e.g. ice cream) 

Socio political 
fulfilment_ justice  

 - New regulation to decrease 
theft 
- More police during harvest 

Socio political fulfilment  
_ education 

- Increase information about 
the production supported by 
the MAG, university of Costa 
Rica 
- Support new investigations 
about the new pests  

- Increase information about 
the production supported by 
the MAG or a university  
- Support new investigations 
about the new pests 
- Create workshops together 
with the cooperative  
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9.5 Applied Wallace structure 
We can conclude that every value con be translated into a certain goal, which can be 
translated into a set of assets and key processes that should be changed or managed (Table 
14).  
 
To be able to create a brother management strategy that can also be applied in other 
countries in Central America and for other tropical fruit trees, we did not narrow down the 
amount values at this point in the research. We did decide to only select the sub-value 
adequate resource _ food out of the 2 adequate resource sub-values.  

 
Table 14: Overview of the implementation of the Wallace framework; every selected value is 
translated into one or more goals, which are connected to a set of assets and key 
processes.  
Values  GOAL ASSETS  KEY 

PROCESSES 
Health promoting 
value 

Promote nutritional 
qualities (to increase 
consumption)  

Nutritional values in 
fruit  

Promotion/ 
marketing of fruit 

Agrotechnical Improve farm 
management practices  

Yield of trees and 
health status of those 
trees 

Production 
process  

Economical Expand market   - Trees with high 
quality fruits 
- Improved market  

- Local, national, 
international 
market  
- Production  

Genetic diversity  Protect genetic 
diversity in situ  

Genetic resources 
(genes) 

- Maintain 
genetic 
resources 

Protect genetic 
diversity ex situ  

Genetic resources 
(genes) 

Maintain genetic 
resources 

Physical and 
chemical 
environment 

Promote positive 
influences of coffee-A. 
cherimola 
intercropping (to 
increase production 
and management of 
coffee trees)  

- Older trees with good 
shade qualities 
- Chemical compounds 
of trees as repellent 
properties  

Production 
process  

Recreational  Promote local heritage 
to tourists 

- Genetic resources  
- Public image of local 
varieties  
 

Recreation 
 

Cultural heritage Promote local heritage 
(family fruit) within 
local society 

- Local collective 
knowledge about A. 
cherimola and heritage 

Local culture  

Adequate resource 
_ food   

Increase consumption 
(locally)  

- Public image of A. 
cherimola 

Consumption use 
/ food production 

Diversify use  - Trees with fruits with 
good processing 
properties  

Processing  
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Socio political 
fulfilment_ justice  

Decrease robberies  Market  Illegal activities 

Socio political 
fulfilment  _ 
education 

Protect local varieties 
by local players in 
original environment 

Genetic resources Legal protection 
and support of 
custodian 
farmers 

9.6 Pomological data  

9.6.1 Discussion of the pomological data 
Copey fruits were often harvested before they were ripe, which probably explains the lower 
average fruit and pulp weight and a lower average length (Table 15).  
 
Table 15: Average value and variance of the pomolgical parameters (weight, length, weight 
of seeds and amount of seeds) for the whole farmer population and for the communities of 
Copey and Santa Maria separately.  
Property Average 

Overall 
Variation 
between all 
fruits 

Average 
Copey 

Variation 
between 
fruits in 
Copey 

Average in 
Santa 
Maria  

Variation 
between 
fruits in 
Santa 
Maria 

Fruit 
weight (g) 

358.04 29325.97 311,05 9570.14 410.46 47206.84 

Length 
(mm) 

82.32 317.07 80.21 187.09 84.68 464.36 

Weight of 
pulp (g)  

275.87 21969.4221 230.01 7266.54382 327.02 34154.51 

Weight of 
seeds (g) 
/100g fruit 

9.48 22.87 10,71 25.38 8.10 17.24 

Amount of 
seeds per 
100g of 
fruit 

9.89 21.53 11,09 22.96 8.56 17.28 

 
Fruits in Santa Maria were heavier and longer. Furthermore, fruit weight and pulp weight 
variation as well as the fruit length variation were higher between fruits collected in Santa 
Maria (Figure 11).  
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Figure 11: Distribution of the fruit weight of the collected A. cherimola fruits in Copey (left 
graph) and in Santa Maria (right graph).  
 
Average seed number per 100 g and average seed weight per 100 g of fruit does not differ 
that much between the communities. When using two-sided t-test p-values for the seed 
number per 100g and the average seed weight per 100g are respectively 0.038001 and 
0.042175. So we can conclude both parameters differ significantly between the two 
communities. Furthermore, within the communities the parameters also have a rather broad 
range (Table 16). 
 
Table 16: Minimum and maximum seed number per 100g and seed weight per 100g per 
community (Copey and Santa Maria).  
 Minimum  Maximum 
Copey seed number per 
100g 

0.02083 0.24322 

Copey seeds weight per 
100g (g)  

0.02628 0.23243 

Santa Maria seed number 
per 100g 

0.02299 0.18293 

Santa Maria seed weight per 
100g (g)  

0.025 0.18701 

 
Skin type 2 ‘impressa or fingerprinted’ was the most common with 23 out of 56 fruits, 
followed by skin type 1 ‘Laevis’ (14 out of 56) and type 5 ‘mamillata’ (11 out of 56). Similar 
results were obtained when the communities are considered separately, although skin type 5 
is more frequently occurring in Copey (7 out of 29) than in Santa Maria (4 out of 26) (Table 
17).  
 
Table 17: Prevalence of the skin types and fruit types of the collected A. cherimola fruits 
respectively for the total population, Copey and Santa Maria.  
 Total Copey Santa Maria 
Skin type 1 ‘round’ 14 7 7 
Skin type 2 ‘oblate’ 23 10 13 
Skin type 3 ‘cordate’ 1 1 0 
Skin type 4 ‘broadly cordate’ 6 4 2 
Skin type 5 ‘oval’ 11 7 4 
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Form type 1 ‘laevis’ 0 0 0 
Form type 2 ‘impressa’ 3 1 2 
Form type 3 ‘umbonata’ 35 18 17 
Form type 4 ‘tuberculata’ 10 10 0 
Form type 5 ‘mamillata’ 7 0 7 
 
We found that in general form type 3 was much more common (35 out of 56) than the other 
form types (type 4 with 10 out of 56 and type 5 with 7 out of 56). When considering each 
community individually, type 3 was found to be the most common type in both communities, 
but type 4 and 5 were each only present in Copey and Santa Maria respectively. We did not 
find any fruits of form type 1.  

 
Figure 12: Prevalence of the different combinations of skin type x form type in Copey.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Prevalence of the different combinations of skin type x form type in Santa Maria.  
 
To know if a certain combination of form type and skin type is more common than other 
combinations the prevalence was calculated. Figure 12 and 13 show that in both 
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communities, Copey and Santa Maria, the combination of form type 3 with skin type 1 and 
the combination of form type 3 with skin type 2 are very common (more than 10%). In 
Copey, these combinations score lower, respectively 13.79% and 20.69% compared to 
Santa Maria where those combinations reached respectively 19.23% and 38.46%. In Santa 
Maria, no other combination reached a share higher than 8%. In Copey, however, the 
combinations form type 3 – skin type 5, form type 4 – skin type 1 and form type 4 - skin type 
2 scored higher than 10, with respectively 17.24%, 10.34% and 10.34%. We conclude that 
Copey has a higher diversity of combinations of form type and skin type. A chi-square test 
on the form type x skin type cross tabs revealed p-values of 0.99998 and 0.99822 for Copey 
and Santa Maria, respectively. We can conclude that in both communities the prevalence of 
the different skin type – form type combination is different from the expected distribution in 
which all combinations occur equally.  

9.6.2 Discussion of the fruit ranking 
The farmers ranked the fruits according to the sweetness, taste, selling qualities, yield and 
easiness to produce. Results are discussed firstly for the 2 communities individually and 
afterwards the overall ranking of the 5 fruits of the custodian fruits are analysed for all 
farmers and per community.  

9.6.3 Discussion of the ranking of fruits by the farmers in Copey 
In Copey, 9 out of the 14 farmers ranked their fruits. Only 2 ranked their fruits in the same 
order for all parameters.  
All farmers ranked fruits according to taste in the same order as they ranked them according 
to sweetness. The fruits with the highest sugar content are the same as the fruits with the 
best taste according to the farmers. We can conclude that farmers evaluate sweetness to be 
positively correlated to taste.  
Ranking according to yield was only in 50% of cases the same as ranking according to 
easiness to cultivate. In Copey ranking according to yield was in 6 out of 9 cases equivalent 
to ranking based on easiness to sell the fruits.  
There is no positive correlation between fruit weight, fruit length, pulp weight and the 
easiness to sell; in 4 cases the biggest fruit was considered as the worst to sell, in 5 cases 
the lightest fruit was the worst to sell and the heaviest fruit was in 4 cases the best and in 4 
cases ranked the worst. The same results were found for the parameters fruit length and 
pulp weight. Fruits that were considered more suitable for sale mainly have skin type 1. 
There is apparently no link between certain form types and the preference for selling the 
fruits, because commonly occurring types 2 and 3 are both almost as often ranked as the 
worst as they were ranked as the best form type.  
Fruits with the highest yield were almost as often ranked the best as they were ranked the 
worst. Six out of 9 farmers ranked the shortest fruit as having the worst yield and also 6 out 
of 9 farmers ranked fruits with skin type 2 as the best yielding ones.  
Five out of 9 farmers stated that the fruits that were the most difficult to produce were those 
with the lowest fruit weight, but 3 out of 9 farmers ranked them as the easiest to produce.  
Also, for fruit length the data did not show a clear correlation with the easiness to produce 
the fruits. The smallest fruits were ranked by 4 out of 9 farmers as the easiest to produce 
and 5 out of 9 farmers ranked them as the worst. The easiness to produce was also not 
correlated with any of the skin types in Copey. All skin types were almost as often ranked as 
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worst to produce as they were ranked as best. Form type 3 was ranked 6 out of 9 times as 
the worst to produce and 3 times as the best, whereas form type 4 was ranked 5 out of 9 
times as the best type to produce and 3 times as the worst.  
We can conclude that sweetness is a good indicator for taste and yield is a good indicator for 
the easiness to sell. The shortest fruits are considered to be those with the lowest yield and 
fruits with skin type 2 ‘impressa’ are perceived as delivering low yields. Lastly, we conclude 
that form type 3 is negatively perceived according to its easiness to sell, whereas form type 
4 is perceived more positively.   

9.6.4 Discussion of the ranking of fruits by farmers in Santa Maria 
In Santa Maria 9 out of 14 farmers ranked their fruits. Two of these farmers only had 2 trees 
to select fruits from instead of 3.  
As was the case in Copey, the ranking according to sweetness were in the same order as 
the ranking according to taste. We can conclude that sweetness is evaluated as a good 
indicator for taste. Taste or sweetness was not associated with fruit skin or form type. Most 
common skin type in Santa Maria was type 2 and was ranked by 4 out of 9 farmers as the 
best, but also by 4 farmers ranked as the worst fruit. Fruits with form type 3, which occurred 
on 17 out of the 26 fruits in Santa Maria, were perceived by 5 farmers as the best out of 2 or 
tree fruits and by 7 farmers ranked as the worst.  
Fruit ranking according to sale is associated with seed weight. In 66% of cases the highest 
ranked fruit based on the easiness to sell, were also the fruits with the highest seed weight 
per fruit and the highest seed number per fruit. Four out 9 farmers ranked fruits with the 
lowest seed number or the lowest seed weight as the worst for sale. We could conclude that 
seed weight and the seed number are partially connected with the ability to sell the fruits, but 
counter intuitive fruits with a higher seed number are perceived as easier to sell according to 
the ranking. During interviews farmers did not support this statement and suggested that a 
high seed number is not appreciated by the customer. There is no link between the ranking 
order according to sale properties and the skin type, but form type 5 was ranked by 5 out of 
9 farmers as the best, followed by form type 4 which was ranked by 4 out of 9 farmers best, 
but also by 5 out of 9 farmers as the worst. We can only find a positive correlation between 
form type 5 and the easiness to sell. Ranking according to yield is not associated with fruit 
weight, size or form type. The heaviest fruit of each farmer was in 45% of the cases ranked 
as the worst and in another 45 % of cases ranked as the best. The same results were 
obtained for the lightest fruits. Pulp weight and fruit length had very similar statistics. There 
was a connection found between the yield and some of the skin types. Fruits with skin type 2 
are ranked by 7 out of 9 farmers as delivering the lowest yield and fruits with skin type 5 are 
by 4 out 9 farmers ranked as those with the highest yield.  
Also in Santa Maria, we found a similar correlation between seed weight per fruit and fruit 
ranking according to sale as the correlation found between seed weight per fruit and ranking 
according to yield. We can make the same conclusion as in Copey: farmers ranked fruits 
higher if they had a higher seed number and seed weight.  
In eight out of 9 cases, ranking according to highest yield was identical to the ranking 
according to the easiness to produce the fruits. This means that the correlation found 
between the pomological data and the yield can be considered similar to the correlation 
between the pomological data and the easiness to produce the fruits. Thus, higher seed 
number and higher seed weight were perceived positively by the farmers.  
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We can conclude that in Santa Maria, sweetness is a good indicator for the taste, whereas 
yield is a good indicator for the easiness to produce and easiness to sell the fruits. Form type 
5 (oval) is considered as the easiest to sell. Skin type 2 ‘impressa’ is considered to deliver 
low yield, whereas skin type 5 ‘mamillata’ is considered to deliver high yield. Seed number 
and seed weight is positively correlated with yield and easiness to produce and easiness to 
sell the fruits.  

9.6.5 Discussion of the overall ranking by all farmers 
Fruits with ID-number 106, 107, 108, 109 and 110 from the custodian farmers were ranked 
by 18 farmers in total, 9 from Copey and 9 from Santa Maria (Table 18).  
 
Table 18: Abundance with which fruits of the custodian famer appeared on the different 
positions of the ranking according to the whole farmers population. The last two columns are 
the calculated cumulative value and average value.  

 -2 -1 0 1 2 
Cumulative 
score 

Average 
score 

106 3 5 2 4 4 1 0.06 
107 1 5 2 6 4 7 0.39 
108 1 4 2 4 7 12 0.67 
109 1 3 12 1 1 -2 -0.11 
110 12 1 0 3 2 -18 -1.00 
Fruit number 108 had the highest overall cumulative score and average score when not 
making a distinction between the two communities. Fruit number 110 obtained the lowest 
cumulative score, although this fruit was the largest and weight the most when it was 
harvested. Some farmers explained during interviews that large fruits are too difficult to sell, 
because you should be able to consume the entire fruit at once because it decays rapidly. 
Skin type of the highest scoring fruit is 2 and form type is 3, which is the most common 
combination in both communities. The lowest scoring fruit had skin type 4 and form type 3, a 
combination that was only found back in Copey on one other farm (Table 18, 19 and 20). 
 
Table 19: Overview of the properties (Fruit weight, fruit length, pulp weight and skin type) of 
the five fruits of the selected custodian farmer.  
Fruit number Fruit weight Length Pulp weight Skin type 
106 316.7 92.3 260 2 
107 418.3 90.6 226.6 3 
108 323.3 75.3 180 2 
109 256 68 171.7 1 
110 420 93 321.7 4 
 
Table 20: Overview of the properties (Form type, seed weight per fruit, seed number per 
fruit, amount of seeds per 100g) of the five fruits of the selected custodian farmer.  
Fruit number From type Seed weight per 

fruit 
Seed number 
per fruit 

Amount of 
seeds per 100g 

106 4 50 50 15.79 
107 3 70 41 9.80 
108 3 40 40 12.37 
109 3 25 52 20.31 
110 3 60 52 12.38 
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9.6.6 Discussion of the overall ranking by farmers in Copey  
In Copey the absolute cumulative values were lower than those for the whole community or 
for the community of Santa Maria. We assume that the higher diversity of skin type – form 
type combinations, made the farmers appreciate the diversity. Thus, resulting in no fruits 
having extreme cumulative scores (<-1 or >1). Copey farmers gave fruit 106 the highest 
score. Although this fruit was the longest fruit among the five fruits under consideration, it 
was not the heaviest. It has skin type 2 and from type 4, a combination that also features in 
10% of the other fruits that were harvested in Copey. Also in Copey, fruit 110 scored the 
lowest (Table 21). 
 
Table 21: Abundance with which the custodian farmers fruits appeared at different positions 
of the ranking according to the farmers in Copey. The last two columns are the calculated 
cumulative value and average value.  

 -2 -1 0 1 2 
Cumulative 
value 

Average 
value 

106 2 0 1 3 3 5 0.56 
107 0 3 1 4 1 3 0.33 
108 1 3 1 0 4 3 0.33 
109 1 2 6 0 0 -4 -0.44 
110 5 1 0 2 1 -7 -0.78 

9.6.7 Discussion of the overall ranking by farmers in Santa Maria 
In Santa Maria, the best and worst fruits are the same as in the overall ranking, with fruit 
number 108 having a cumulative score of 9 and fruit number 110 having a cumulative score 
of -11. In Santa Maria, fruit 106 received an average negative score of -0.22, whereas in 
Copey it received a positive average score of 0.56 (Table 22). Fruit 106 was characterized 
by a combination of skin type 2 with form type 4, a combination that was not found within the 
group of fruits that was harvested in Santa Maria.  
 
Table 22: Abundance with which the custodian farmers fruits appeared at different positions 
of the ranking according to the farmers in Santa Maria. The last two columns are the 
calculated cumulative value and average value. 
 -2 -1 0 1 2 cummulative average 
106 1 5 1 1 1 -4 -0.44 
107 1 2 1 2 3 4 0.44 
108 0 1 1 4 3 9 1.00 
109 0 1 6 1 1 2 0.22 
110 7 0 0 1 1 -11 -1.22 
 
Table 23: p-values of the t-test comparing the fruits ranking between the two communities  
Number p-value 
106 0.1344 
107 0.8530 
108 0.2895 
109 0.0730 
110 0.5415 
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T-test comparing ranking scores in Copey and Santa Maria revealed no significant 
differences between the means of the two communities for any fruits (p>0.05) (Table 23). 
 
Out of the overall ranking we conclude that in both communities ranking was mainly 
connected with fruit skin type and form type. Farmers gave a higher score to fruits with a 
skin and form type combination that was commonly growing in their community. Further, 
fruits with intermediate weight and length obtained the highest-ranking scores. Farmers 
stated that the largest fruits are too big and consequently too difficult to sell because families 
cannot consume before they go bad.  

9.6.8 Conclusion of the pomological research and ranking  
We can conclude, before proceeding to the proposed management actions, that sweetness 
is in both communities a good indicator for the tastiness. Furthermore, fruits with skin type 2 
‘impressa’ are in both communities considered as those with the lowest yield. We assume 
that some skin types and sizes of fruits are less favoured by farmers and thus will probably 
be removed faster by farmers from the orchard in the future. We can also conclude that the 
harvest fruits were a diverse mix of characteristics within both communities and because the 
chance of creating the perfect combination is rather small, there was no fruit within the 
overall ranking that achieved a very high cumulative score (>1).  
Copey showed a higher diversity of skin type – form type combinations and farmers 
appreciated a wider range of fruits, with no fruits receiving extreme cumulative scores. 

9.7 The 20 Management actions 
In appendix 3 (12.3), table 1 and 2 give the overview of the applied structure of Wallace, with 
the values, goals, assets, key processes and management proposals. The 20 proposed 
management actions are listed below as they were presented to the farmers during the 
feedback session in Santa Maria.  
 
1. Protect local heritage by custodian farmers: 
A custodian farmer would be a producer who starts a new A. cherimola production from their 
own wild trees or wild trees of other farmers in the area, while protecting the original set of 
trees that exist on his/her farm. Farmers could get a financial payment or technical support 
for managing these original trees. Payment systems could be introduced to not only 
encourage farmers to become custodian farmers, but also to facilitate the monitoring of the 
original A. cherimola trees.  
In Copey, one farmer is already taken on the role of custodian farmer. On his farm a number 
of different varieties of A. cherimola trees were already growing and he decided to select 
from these trees three different varieties to start a new production of A. cherimola. The 3 
different varieties were selected according to following properties: high yield, not easily 
susceptible to diseases and having the right size and colour. He expanded his production of 
each variety to around 100 trees (so 300 trees in total), while maintaining the original 30 
trees that were already present on his farm. He used seeds from his own trees to create 
rootstocks, because these rootstocks are adapted to the conditions on the farm and to the 
climatic factors in the area. Afterwards, the selected varieties were grafted onto the 
rootstocks. 
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Payment systems could be set up by a governmental program or by a NGO. However, lack 
of long-term commitment of the latter organizations can be an obstacle.  
Engaging universities to monitor custodian farms could be an other option, if sufficient 
funding can be provided. Giving technical support instead of financial support to custodian 
farmers could be an alternative way of creating incentives to produce A. cherimola.  
Monitoring systems are needed to reduce the risk that when production is handed over to a 
next generation or the farm is bought by a new owner, the A. cherimola tree management 
might dwindle and become neglected over time, leading to the loss of the original diversity of 
A. cherimola trees. 
 
2. Create touristic activities around A. cherimola: 
The touristic market has a higher demand for organic or sustainable products compared to 
local markets in Costa Rica and tourists usually pay a higher price for these types of 
products. High-quality products such as A. cherimola are well suited for these markets. It is 
thereby recommended to establish a connection between the fruit and the A. cherimola 
production region, because geographical origin denomination is a good branding strategy. In 
the touristic sector, A. cherimola products could then ideally be sold in green or bio markets 
in larger city centres or in specific touristic hubs.  
Geographic origins as a branding strategy will only be successful if farmers can deliver a 
continuous and stable supply. Promotion can be done at wellness centres, hotels, lodges or 
other tourism facilities. By using storytelling and linking the product directly to producers’ 
livelihoods, A. cherimola buyers and consumers could feel more connected to the product 
and be encouraged to buy it.  
Tourists could also visit the farms, which are already located in a more touristic region of 
Costa Rica due to the coffee production and famous volcano.  
 
3. Promote A. cherimola fruit use to local restaurants: 
Increased A. cherimola use in local restaurants will improve its popularity within the local 
community and tourism sector. In e.g. Copey a restaurant already sells A. cherimola fruit 
juice. Natural juices are very popular in the area and most of the time made from 
homegrown fruit. However, most farmers currently do not use their own A. cherimola fruit 
harvest to make juice, if these juices would be sold in restaurants, it could also increase its 
popularity as refreshment at home. Also other dishes or drinks could be made from the fruit, 
to inspire local community to eat more A. cherimola fruits. The nutritional value and the 
natural sweetness can be used as marketing tool.  
 
4. A. coffee agrobiodiversity label that guarantees local agrobiodiversity protection:  
Coopedota - the main coffee cooperative in this region - currently has a carbon-neutral 
certificate, which is highly valued by tourists who buy the coffee as a souvenir when they 
visit coffee shops in San José and other touristic areas. An agrobiodiversity label could 
guarantee buyers that their coffee was produced while A. cherimola diversity was conserved. 
Therefore, a group of producers could commit to conserve A. cherimola trees on their coffee 
farms. Besides A. cherimola other native tree species could be conserved to create more 
sustainable coffee agroforestry systems in the area. Today, Santa Maria coffee farmers 
either use agroforestry or monoculture cultivation systems. Assuming that consumers value 
agrobiodiversity and sustainable agricultural practices, the farmers could be rewarded with a 
better price for their coffee when they conserve native tree species.  
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The Coopedota cooperative stated that the domestic coffee consumers are not interested in 
agroforestry products, but focus more on price when they decide which coffee they buy for 
their households. Since coffee is predominantly an export commodity, adding value to the 
locally produced high quality coffee via an agrobiodiversity label could be successful on the 
European, American or Japanese market.  
Such a label should not be governed by an external organisation or the government (as is 
the case with the CO2-neutral label), but could be based on a transparent set of 
commitments the farmers are willing to make. The coffee cooperative could take on the role 
of supervisor and control the production to guarantee the quality of the new label. They could 
specify the share of A. cherimola trees that should grow on each farm and the minimum of 
different A. cherimola varieties that should grow on each farm. They could even decide to 
state a minimum number of different crops that should grow; not only coffee and A. 
cherimola but also other native trees. Also commitments concerning the management on the 
farms can be added, for example 90% of the trees should be healthy or restrictions about the 
pesticide use. These rules should all be written down in a document, available for producers 
and consumers. To create this document a realistic vision on the definition of an 
‘agrobiodiverse farm’ should be agreed upon by the farmers who would be willing to join the 
project. Monitoring such a label is difficult, but a respected cooperative as Coopedota could 
have the advantage of having the trust of the buyer. Coopedota could create a team, which 
could perform regular check-ups on the farms that agreed to produce for the agrobiodiversity 
label. Those people could not only audit the farms but also provide recommendations about 
the management of these more heterogeneous farms to improve the know-how about the 
different crops.  
 
5. A. cherimola Fruit Label: 
An A. cherimola fruit label could guarantee local conservation of A. cherimola diversity while 
introducing a premium variety to the market that guarantees quality. Farmers complained 
that the diversity between A. cherimola fruits, result in a diverse range of fruit quality, which 
decreased the A. cherimola market value. Farmers could thus select one high quality variety 
that can be branded to the consumers, while conserving the gene pool within the region (that 
could be tapped due to climate change or new pests). The high quality variety could be 
linked to the area with a ‘Certificate of Origin’, for example linked with the whole region of 
Los Santos (Santa Maria and Copey).   
The region would then try to promote itself as a region of huge variety of A. cherimola, as 
well as producer of the best quality of A. cherimola. They would focus on a premium variety, 
which is most popular with costumers, but will also need to conserve the other varieties to 
promote their image of protector of this native fruit of Central America.  
A group of farmers could adopt such a fruit label without the pressure and rules that a 
cooperative exerts on production volume, price, time of delivery, etc. The latter was one of 
the major concerns of the farmers during the interviews. However, monitoring the label 
conditions on biodiversity conservation and other commitments the producers make to the 
buyers will be challenging, but could be implemented by a NGO or farmers association. The 
story of the product and the benefits (financial, social, etc.) the label provides to the local 
community can be part of the promotion strategy of the A. cherimola fruit label.  
A. cherimola conservation might also be achieved through Bandera Azul, the national label 
that certifies sustainable production. A payment is required to achieve the Bandera Azul 
governmental label, which might deter farmers. Also Bandera Azul does not specifically state 
to protect A. cherimola diversity, it focuses more on the diversity of crops on the farm and 
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the sustainable productions. The big advantage is the status this label already has in the 
Costa Rican market; it is well known and respected.  
Labelled A. cherimola fruit could have a better market value in supermarkets that focus on 
sustainable products, or on biological or farmer markets in large city centres where there is a 
higher demand for sustainable products. The supply should again be constant over a whole 
harvest season to increase consumer’s interest.  
 
6. Registration of high quality A. cherimola varieties:  
The farmers expressed their interest in registering local varieties with good agronomical 
properties qualities (e.g. sugar content, high seed number, pest tolerance, etc.) to help 
conserve local varieties. Newly registered cultivars are protected by law as intellectual 
property in Costa Rica. Plant variety registration, however, is a very burdensome process in 
any country of the world and usually requires much time and capital investments.  
In Costa Rica, plant variety registration requires a declaration to be presented to the Oficina 
Nacional de Semillas (National Seed Office). The latter declaration states the cultivar is new, 
homological and reproducible. Costa Rica does not have organizations that carries out plant 
variety examination and verifies the possible new varieties. As a result, such an examination 
would have to be done by a foreign, authorized institute. Another obstacle to A. cherimola 
variety registration is that the species have no local parental lines registered in Costa Rica to 
show the new variety is different from the already registered ones.  
The Costa Rican government plans a new law to protect common intelligent property and 
link this property to a region, which would make it easier for farmers to promote A. cherimola 
as a product native to their region.  
 
7. Genebank: 
A genebank can conserve A. cherimola diversity and maintain the genetic resources for 
future research and breeding as an alternative to on-farm conservation, because farmers 
tend to focus more on a smaller range of varieties.  
The Spanish Higher Council for Scientific research (Consejo superior de investigaciones 
científicas, CSIC) already has a small A. cherimola genebank, which could be 
complemented by A. cherimola accessions from the study area.  
The national University of Costa Rica might also be interested in establishing a local A. 
cherimola collection, which could be complementary to the Spanish one.  
 
8. Collect and Distribute local A. cherimola seeds: 
The goal of this idea is to increase the production of local A. cherimola varieties. Cornelius et 
al. (2006) describes this strategy as the collection of a large amount of seeds from different 
mother trees within farmers’ fields and then distributing these seeds over farmers where A. 
cherimola cultivation is ongoing or where farmers are interested in cultivating A. cherimola. 
Farmers will subsequently, over a certain period of time, select certain A. cherimola varieties 
and cut unprofitable ones that do not perform well in their field conditions. They will probably 
replace old trees by their preferred varieties. Farmers will base their selection on yield 
potential, fruit size, fruit form and taste. These factors are depending on the variety, but also 
on the environmental conditions in the field that differ from farm to farm. Alternatively, an 
intensive selection at the beginning of the implementation of this strategy is also possible, 
which would guarantee a better tree quality to all farmers and would reduce the selection 
procedure of the farmers themselves afterwards. The selection of mother trees within the 
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farmers’ field from which the seeds get collected will in this case be more intensive and can 
again be based on yield potential, fruit size, fruit form, taste and pest resistance.  
One farmer in Copey already created a new farm by selecting 3 varieties that for him would 
increase his profit out from A. cherimola production. He selected seeds based on yield, the 
size and flavour of the fruit and the pest resistance of the tree. Farmers can easily indicate 
which trees will give them the highest yield, best selling price or are not vulnerable to pests 
as we noticed during the ranking process, but finding a tree that has all of those qualities 
combined is more challenging. Thus, there is a huge chance a compromise will have to be 
made.  
 
9. Create an A. cherimola nursery:  
Cornelius et al. (2006) also proposed to create a nursery to produce seedlings and distribute 
them locally. First, a number of interesting A. cherimola trees is selected. Next, these trees 
are propagated in the nursery and subsequently seedlings are distributed to fruit producers 
and coffee farmers in the same region. These seedlings could also be distributed to home 
gardens to promote the use of A. cherimola.    
ICE, the Costa Rican Electricity Company, has a tree production area from which trees such 
as Guaiacum sanctum, Platymiscium Pleiostachyum, Dalbergia retusa and Peltogyne 
purpurea are distributed to farmers to protect soils from erosion and from pollution. However, 
ICE stated no interest in also including native fruit trees in their program because they are 
afraid people will cultivate them in ways that leave soils and rivers unprotected. However, A. 
cherimola trees could definitely play a role in forest restoration project that values native 
trees.  
There are 2 options to create nurseries: i) select high-quality A. cherimola trees from the 
entire Los Santos area and create one nursery and distribute the seedlings within this same 
area; or ii) select trees per village (Santa Maria and Copey) and create nurseries in each 
village and then distribute A. cherimola seedlings only within the same villages. Because 
temperature and local environmental conditions differ between the communities, trees 
growing well in one village could have difficulties adapting to the conditions in the other 
villages.   
 
10. Local nutrition campaign: 
A. cherimola fruit is widely appreciated in the local community as very healthy. Even anti-
cancer properties are linked to it. However, younger generations and people from outside 
the study region are often not aware of the nutritional value. A promotion campaign could 
boost its popularity and consumption. 
A. cherimola could be integrated in existing school programs in Costa Rica to promote 
consumption of fruits and vegetables authentic to the region, combined with local recipes.  
 
11. Training sessions: 
It is mandatory in Costa Rica that all cooperatives have a committee that focuses on training 
its cooperative members to improve the cooperative and its members’ development. 
Notwithstanding these committees in reality only exist on paper, it functions well in the 
Coopedota cooperative in Santa Maria. Producers are trained on the various coffee pests 
and diseases and on creating an integrated management, amongst others. Training 
sessions are organised by an agronomist and take place in the various areas covered by the 
cooperative to make them more accessible. Extending these training sessions with 
information on intercropping of shade tree species such as A. cherimola might encourage 
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farmers to plant or maintain A. cherimola trees. Farmers have expressed their interest in 
having more information about the current pests that A. cherimola is facing and about 
appropriate tree management (pruning, fertilization, shade density, etc.).  
Training sessions can also serve as a platform to exchange knowledge on A. cherimola 
cultivation between farmers. At the same time, allowing more input from the farmers rather 
than a top-down monologue from the heads of the cooperative could make the farmers feel 
more involved and make them more inclined to actually adopt some of the promoted 
practices. 
If there would be a significant demand, the members of the training committee of the 
Coopedota cooperative are interested to provide also training sessions about other topics 
than coffee. 
 
12. Local A. cherimola fair (create new local tradition): 
In the study region the harvest seasons of coffee and other crops are celebrated with a 
festive fair. A new A. cherimola fair could be a way to promote A. cherimola production and 
consumption by giving a more positive connotation via a set of festivities. It could also be a 
way to promote the production of different A. cherimola products. The fair could sell the 
fruits, new products made out of A. cherimola like ice-creams, wine, cakes, juice, … It could 
vote for a “queen of cherimoya” or could include some games connected to A. cherimola. 
 
13. Create new A. cherimola products:  
Creating new A. cherimola products such as juice, pulp or sweets could expand the A. 
cherimola market diversity and adds value to the product. Interest in starting juice, pulp or 
other productions is increasing because minor pests are making the fruits stylistically less 
attractive. A. cherimola fruits with a signs of anthracnose are difficult to sell at a good price, 
but they would still be perfect to use as ingredient in processed products. Also there exist a 
variety of peel types which will, as a result of their protuberances, easily get damaged. The 
peel is also an important characteristic on which the buyers select. Fruits, which have a skin 
with pointy soft extrusions (tuberculata or mamillata), get easily bruised during transport, 
decreasing the fruit value. However, fruits with bruised extrusions can still have an excellent 
taste. When A. cherimola is used in processed products, external quality selection will be 
less strict. In other countries, like Nicaragua and Chile, processed A. cherimola products like 
juices, pulp for juices and ice-cream are already on the market. Some local farmers in Copey 
and Santa Maria create juice from pulp or produce their own wine, but these products are 
rarely marketed.  
The university of Cost Rica could support farmers by providing information on production 
technologies of a range of A. cherimola products.  
Processed A. cherimola products could be made into a high value product sold at a higher 
price than the fresh product when good quality is guaranteed and it is strategically branded. 
It is also already a sweet product so it could be sold as non-sugared pulp or healthy juice. 
Also for new A. cherimola products, a link to the geographic origin of the processed A. 
cherimola fruits could be used as a way of promoting this product.  
 
14. Label against theft:   
In Costa Rica theft has become a huge problem in the fruit sector: avocado, apples, 
plantains, bananas and also A. cherimola get frequently stolen from the orchards. It pushes 
producers to cut the trees, because they do no longer see return on the investment of 
maintaining the trees. Especially in Santa Maria, where people are not living on their farms, 
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but reside in the city centre, 20 or 30 minutes away from their plantations which are located 
in mountainous areas that are sparsely populated. In these areas social control is lower, so 
theft is becoming a considerable problem and obstacle to conserve A. cherimola.  
A label that is linked to the farmers of the region of origin could protect these farmers against 
theft, because thieves would not be able to sell the stolen fruits if they do not have the 
certified label. Supermarkets and middlemen should restrict their purchases to a list of 
farmers working under the label so that they and their customers are ensured to buy fruits 
that haven not been stolen.  
 
15. Create a new group of middlemen (supported by microcredits): 
Middlemen play a crucial role in the communities of Copey and Santa Maria, but do not have 
a good reputation. Many farmers suspect that middlemen are buying and selling stolen fruits 
and only pay farmers a quarter of the price they would get when they would sell at the bigger 
markets in Cartago, San José or on other large farmer markets. Most farmers do not have 
the right transportation to drive to those markets or do not consider it profitable to drive to the 
market with a small number of fruits. These farmers have to rely on middlemen to take over 
this task. A new group of middlemen could give farmers a fairer price for their goods and at 
the same time could boycott the sale of stolen fruits. Middlemen could promote their fruits by 
stating the fair share they are giving to farmers. 
In Costa Rica there exists a range of microcredits to start small companies, accompanied by 
logistical support. A group of farmers could become middlemen as part of a small company. 
Although a good business plan is needed to qualify for this financial support. To increase the 
likeliness of success it could be adequate that a middleman is a respected farmer or family 
of farmers within the area. Within the community of Copey there is a large family of five 
farmers who work together and are interested to take on this role within their community.  
 
16. Create A. cherimola or fruit cooperatives:  
An A. cherimola or fruit cooperative would increase farmers’ power in the local and national 
value chain and ensure a better price for the fruits. Farmers can chose which fruits they 
market as a cooperative ranging from only A. cherimola to a brought set of 10 to 20 locally 
produced fruits.  
There is already a fruit cooperative in the area focused on avocado, but which is also selling 
A. cherimola. However, this cooperative only exists on paper and does not have offices for 
logistics to keep the producers updated, or money to invest in promotion, research, labelling, 
etc. At this point, only coffee cooperatives are successful in the area.  
Farmers find it difficult to start a cooperative and are not very interested to put time and effort 
in such a “risky” project, although they also see the benefits of such an endeavour.  
There are associations in Costa Rica such as “Infocoop”, which support farmers with starting 
cooperatives. Moreover, there are microcredits or other financial support systems to 
financially help people who wish to start a cooperative, if they can present a good business 
plan.  
 
17. Campaign against fruit theft: 
An anti-theft campaign could scare away thieves, but could also make the consumer more 
aware of the effect theft has on the financial status of farmers. It would try to influence those 
middlemen who sell and buy stolen fruits to track down the origin of the fruits they are 
buying, via spreading more information or hanging posters at central places. 
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This idea could be combined with frequent surveillance near the farms by the local police, 
especially during harvesting season (not solely during the harvest time of A. cherimola, but 
also of other economic important fruits like avocado, apples, peaches, etc.). Other farmers 
also suggest installing more cameras on crucial roads leading to the farms.  
 
18. A. cherimola cultivation manual 
Lack of phytosanitary knowledge about a certain crop will push people to shift to crops they 
are more familiar with when pest pressure increases. A website or a manual with technical 
support for production, pest management and other A. cherimola-related topics could 
decrease A. cherimola tree felling. There currently exists an A. cherimola cultivation manual 
(Cerdas Araya et al., 2007), but it does not contain a lot of details on the currently prevailing 
pests in Costa Rica that harm the production of A. cherimola.  
Universities or governmental research centres could fill in the knowledge gaps and produce 
a comprehensive cultivation manual.  
Government institutes currently prioritize extension on the main crops like coffee, beans, 
avocado, etc. Universities are a more realistic partner to research A. cherimola cultivation 
and create an updated manual.  
 
19. Demonstration farms: 
Today, investing in A. cherimola agronomy research is difficult because of a lack of interest 
by the government and other institutions. It might take a long time before new information 
becomes available to the farmers. However, agricultural knowledge on A. cherimola tree 
management could also be increased by a demonstration farm. Within this concept, a highly 
skilled and dedicated farmer takes on an exemplary role in A. cherimola cultivation and 
shares his knowledge with other farms. The visits to the demonstration farms could be 
hosted by the owner or by cooperatives. These hosts can invite all farmers to share 
knowledge during the visit. 
Another option is that universities take on this role and initiate an educational farm that 
provides technical support to A. cherimola farmers about good practices, adequate pruning, 
diseases, harvest techniques, etc.   
 
20. Payments for Agrobiodiversity Conservation:  
In Costa Rica, payments for environmental services (PES) are very popular. Although there 
exists a variety of PES, most farmers focus on payments for carbon sequestration. Farms in 
the study area usually contain tree species (coffee, avocado, apples, peaches, etc.), which 
means they cannot obtain carbon sequestration payments because only non-productive 
areas are eligible for those payment schemes. As a result, most farmers in the region 
register an area for PES where farming is impossible (due to e.g. a steep slope). A payment 
for agrobiodiversity conservation could have a positive impact on on-farm species diversity, 
could decrease felling of native trees and could increase agroforestry cultivation systems.  
Payments for agrobiodiversity conservation could be managed by an NGO and funded by 
private partners, such as the companies who certificate CO2-neutral certificates that are 
currently sold. Funding could also be provided by private partners such as hotels, wellness, 
touristic attractions in Costa Rica, which can show the (indirect) effort they are doing to 
protect agrobiodiversity. Because Costa Rica has a major touristic sector of which a 
considerable part is eco-tourism, this could be a way for hotels to show the incentives they 
are giving to the community to protect agrobiodiversity that is typical for Central-America and 



 73 

Costa Rica. Alternatively, PACS could be funded by a tax, similar to the carbon tax that 
already exists in Costa Rica to fund ecosystem services.  

9.8 Discussion of the feedback session 
During the focus group discussion in Santa Maria, 2 farmer groups were formed. Each 
presented their ideal future A. cherimola conservation actions, which had to preferably be a 
combination of more than one proposed management action. Both groups combined genetic 
diversity conservation actions, with market improvements and technical solutions through 
knowledge increase. The two technical solutions to increase knowledge that farmers 
preferred were creating an A. cherimola cultivation manual and information session 
organised by the cooperative. Market improvements proposed by the focus groups were 
creating new products like juices and ice cream and decreasing the theft via a new fruit 
cooperative. Such a fruit cooperative could improve transparency of the market chain, but 
could also increase the information about the A. cherimola production according to the 
farmers. To conserve the genetic diversity, farmers preferred the payment system for 
agrobiodiversity services and germplasm bank.  
Farmers indicated that some of their ideas would be more difficult than others to execute (§ 
9.9). The information session by the coffee cooperative was chosen as the most feasible A. 
cherimola conservation solution, because unlike for a manual, an information session does 
not require help of the MAG or universities. All farmers agreed that a fruit production 
cooperative would be a good step towards a better marketing of A. cherimola and other 
fruits, but the person who should install this cooperative and its funding remained unclear at 
the end of the session. The farmers did plan to call other farmers and host a new meeting to 
investigate the feasibility of this option.  
At the end of the session, each farmer casted 3 votes over the 20 proposed management 
recommendations. Farmers in Santa Maria gave the highest score to proposed management 
actions 11 (training session) and 20 (Payments for Agrobiodiversity Services), which both 
received 7 of the 36 possible votes. This was followed by 5 actions that each got 3 votes; 
namely management actions 8 (collect and distribute local seeds), 9 (create nursery), 13 
(create new products), 17 (campaign against fruit theft) and 19 (exemplary farm). There 
were also 8 conservation actions that did not receive any votes and 3 actions that got only 1 
vote (Table 20). We can conclude that the votes were concentrated over a small number of 
management actions and that there is a certain level of agreement about which actions 
should be executed.  
Management actions 11 and 20 were also mentioned by both of the groups as future 
management actions they would like to execute in the future. Installing a germplasm bank 
did not receive any votes although it was a very popular proposal during the first rounds of 
focus groups and it was also mentioned by one of the groups in Santa Maria as one of the 
three future managements. The farmers probably preferred the more attainable or easier 
actions, after receiving more information about the difficult legislation to register new 
varieties in Costa Rica. The same sessions were organised with the students and professors 
at the campus in Turrialba (Table 24).  
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Table 24: The amount of votes per proposed management actions for each focus group 
respectively the farmers in Santa Maria and the students and professor in Turrialba.  
Measure 
number 

Proposed management actions  Santa Maria  
(12 people)  

Turrialba 
(27 people)  

1 Protect local heritage by custodian farmers 0 1 
2 Create touristic activities 0 4 
3 Promote to local restaurants 1 2 
4 Coffee label that guarantees local protection of 

diversity 
0 3 

5 Fruit label 0 2 
6 Register high quality varieties  1 2 
7 Germplasm bank with duplicate in Spain 0 2 
8 Collect and distribute local seeds 3 9 
9 Create A. cherimola nurseries  3 0 
10 Local campaign promoting nutritional value 0 5 
11 Training sessions for coffee producers by the 

Cooperative 
7 11 

12 Local fair about A. cherimola (create new local 
tradition) 

0 6 

13 Create new products (juice, pulp, sweets, etc.) 3 12 
14 Label against theft 0 1 
15 Create new group of intermediaries 1 1 
16 Create new fruit cooperatives 2 6 
17 Campaign against fruit theft 3 0 
18 Manual for farmers about production of A. 

cherimola 
2 3 

19 Create exemplary farm that producers can visit 3 3 
20 Payments for Agrobiodiversity Services 7 9 

9.9 Feasibility analysis of the conservation management proposals:  

The level of implementation difficulty and costs varies between the proposed conservation 
management actions. Registration of varieties (management action 7) and payments for 
Agrobiodiversity Services (management action 20) are both not implemented by the Costa 
Rican government and are therefore considered to be one of the most difficult actions to 
implement. When an NGO or other organisations would find a way to fund the 
implementation of action 20 and set up a monitoring system the level of difficulty to 
implement could be significantly decreased. Costs would depend on the number of farmers 
participating in the payments for agrobiodiversity services program, but should be 
considered high when including the operational costs for monitoring. Information sessions 
(organized by the coffee cooperative) obtained many votes and are considered by the 
cooperative as cheap and easy to implement.  
It was not possible to allocate a defined feasibility and cost level for management action 13. 
New products could be homemade, which could be easily and cheaply developed, but could 
also by industrialized products which need a higher level of product development research 
and consequently also a higher level of costs. Some farmers indicated that they know some 
recipes to produce products like pulp, so it could be possible to create a set of new A. 
cherimola products.  
The coffee cooperative Coopedota has experience with the creation of coffee labels, but 
stated that labelling always requires much time and investments. Copey farmers were 
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interested to create their own fruit label, but also need more expertise and investments to 
implement this management action. Conservation via custodian farmers (management 
action 1), could be easy to implement because already one farmer is taking on this role and 
could help other farmers join in. To make this action more sustainable and easier to monitor, 
more planning and higher operational costs would be needed.  
The difficulty to implement and the level of costs for collecting and distributing local seeds 
(management action 8) and creating an A. cherimola nursery (management action 9) are 
difficult to assess a priori, because they depend on how they are implemented. A small-scale 
project with a small group of farmers could be easy to implement and low in costs, because 
most farmers have already their own seed collections and have a small nursery for their 
avocado or coffee seedlings. To make these measures more sustainable a monitoring 
system should be put into place, which again increase operational costs and make them 
more difficult to implement.  
 
Table 25: Per proposed management actions the level of difficulty to implement is given as a 
number from 1 to 4 (1=easy, 2= moderate, 3= difficult, 4= impossible without governmental 
changes) as well as the level of costs (1=cheap, 2= requires big private investments, 4= 
requires big public investment).  
 Proposed management action Implementation Costs 
1 Protect local heritage by custodian farmers 1-2 1-2 
2 Create touristic activities 2 1 
3 Promote to local restaurants 1 1 
4 Coffee label that guarantees local protection 

of diversity 
2 3 

5 Fruit label 2 3 
6 Register high quality varieties  4 4 
7 Germplasm bank with duplicate in Spain 3 4 
8 Collect and distribute local seeds 2 or 4 2-4 
9 Create A. cherimola nurseries  2 or 4 2-4 
10 Local campaign promoting nutritional value 1 1 
11 Info/training sessions for coffee producers by 

the cooperative 
1 1 

12 Local fair about A. cherimola (create new 
local tradition) 

2 1 

13 Create new products (juice, pulp, sweets, 
etc.) 

1-3 1-3 

14 Label against theft 2 3 
15 Create new group of intermediaries 3 2 
16 Create new fruit cooperatives 3 3 
17 Campaign against fruit theft 2 1 
18 Manual for farmers about production of A. 

cherimola 
2 2 

19 Create exemplary farm that producers can 
visit 

2 1 

20 Payments for Agrobiodiversity Services 3-4 3-4 
 
We conclude that most farmers would prefer creating an overall solution combining 3 
different types of management actions: those that increase the information on the A. 
cherimola production, those aiming at A. cherimola diversity conservation and those 
improving the A. cherimola market. The most popular management action to increase 
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information was training sessions by the coffee cooperative (management action 11), which 
is also considered as easy and cheap to implement. To conserve the diversity of A. 
cherimola, payments for Agrobiodiversity Services (management action 20) obtained many 
votes, but compared to management action 11 this is more difficult to implement and 
requires higher investment levels. An alternative which also received many votes, but would 
be easier to implement if executed on a small scale could be management actions 8 (collect 
and distribute local seeds) or 9 (create a nursery). Improving the A. cherimola market could 
be achieved by implementing actions against theft (management action 17) and creating 
new products (management action 13). These measure have very different goals. 
Management actions 17 is a very specific solution for the problems related to A. cherimola 
production in this region, whereas creating new products could be an idea that can also be 
transferred to other regions.  
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10 Conclusion  
This thesis concludes that the value-based conceptual framework of Wallace (2012) to set 
up a conservation strategy is a good base when striving to create a community based 
biodiversity conservation management for tropical fruits like A. cherimola. The main 
advantage of this framework is its clear step-by-step structure that allows and requires a 
high level of participation of local actors to create sustainable conservation measures.  
The framework should not be considered as a rigid frame, but should be adapted to the 
characteristics of the researched plant (cultivation status, market, etc.) and should be 
tailored to the local actors.  
We conclude that, as Wallace (2012) proposed, the emphasis at the start of the research 
should be on finding those values connected to (agro)biodiversity which are supported by a 
majority of the local actors.  
It became clear that the language used within the framework mainly focused on biodiversity 
and not specifically on agrobiodiversity, which was solved by adding some specific values 
connected to agrobiodiversity. This could be an important note when applying this framework 
as part of future projects.  
For future research we recommend that, when feasible, researchers/mediators invest in 
including farmers also within the process of setting the goals, listing the assets and stating 
the key processes, which was not explicitly done within this research.  
The pomological data showed the importance of this region as area to conserve A. 
cherimola, based on its phenotypical diversity. The higher diversity within Copey, makes this 
community a more meaningful area to implement the proposed management actions, 
although the community of Santa Maria provides some interesting advantages (e.g. its active 
established cooperative and higher interaction between the farmers) which could make 
implementation easier.  
To create a more sustainable biodiversity conservation strategy, a holistic solution needs to 
be found including more than one value. This research concludes that a combination of three 
management actions; focusing on conserving diversity of A. cherimola, improving its (local) 
market and spreading knowledge about the cultivation, will be the most effective way forward 
to sustainably conserve A. cherimola in Los Santos.  
Further, a more in depth feasibility analyses is needed before implementing any of the 
proposed management actions, which again should be performed with a high level of 
involvement of the local actors.   
 
Lastly, we hope that some of the 20 proposed management actions to conserve 
agrobiodiversity will be implemented by the farmers in Copey and Santa Maria and can 
inspire other communities in Central America to establish a sustainable agrobiodiversity 
conservation management for other native trees.    
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12 Appendix:  

12.1 Appendix 1: Interview 

12.1.1 Part 1: Questionnaire 
The Spanish questionnaire as presented to the farmers of Santa Maria and Copey, with 
English translation.  
 
Parte 1: Apunta los enunciados (Part 1: Mark the following statements)  
1. Tengo anona en mi propiedad por que… (I have A. Cherimola on my property because 
…) 

  Totalm
ente en desacuerdo 

(totally disagree) 

D
esacuerdo (disagree)  

N
eutral (neutral) 

D
e acuerdo (agree)  

Totalm
ente acuerdo (totally 

agree) 

1 Por su espectacular belleza (For its scenic beauty)      
2 Tiene un influencia positiva sobre la producción de café o 

otro cultivo (Because it has a positive influence on the 
production of coffee or other crops) 

     

3 Porque me da un ingreso adicional (lo vendo) (Because it 
provides me with an additional income) 

     

4 Porque creo que es  bueno tener variedad de especies en 
mi propiedad (Because I believe it is good to have a variety 
of species on my property) 

     

5 Me gusta su sabor (Because I like the taste)      
6 Porque pienso que es una fruta propia de mi país (Because 

I think it is a fruit native to my country) 
     

7 Por su valor medicinal (For its medicinal value)      
8 Por herencia de la cultura indígena (For the heritage of the 

indigenous culture) 
     

9 Cuando como anona/avócate, soy una persona mas sana 
(Because when I eat A. cherimola I am a more healthy 
person) 

     

10 Ésta fruta ayuda a controlar las plagas en mi propiedad 
(Because this fruit helps to control pests on my property) 

     

11 Siempre ha crecido en mi finca (Because it has always 
grown on my property) 

     

12 Esto árbol ayudan a conservar el agua en el suelo 
(Because this tree helps me to conserve water in the soil) 

     

13 Con este fruto, el suelo en mi finca es más fértil (Because 
with this fruit the soil more fértil) 
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2. Tengo avocado en mi propiedad por que… (I have avocado on my property because …) 

14 Los árboles (de anona o de avócate) dan sombra y así 
hacen un medio ambiente favorable para otros cultivos en 
mi finca (Because the trees provide shadow and so create 
a more favourable environment for the crops on my 
property) 

     

15 Utilizo el tronco como leña (I use the bark for firewood)      
16 El árbol disminuye el viento en mi finca (The tree 

decreases the wind on my property) 
     

17 Estos árboles crean un microclima (Because these trees 
create a microclimate) 

     

18 Porque niños juegan con la fruta (Because children play 
with the fruit) 

     

19 Porque me da sombra (because it provides shadow)      
20 Disminuye la erosión del suelo (Because it decreases the 

erosion of the soil) 
     

21 Porque tiene una influencia positiva en el ciclo de 
nutrientes en mi propiedad (Because the tree has a positive 
influence on the nutrient cycle on my property) 

     

22 Las anonas evitan la sequía del suelo (Because A. 
cherimola prevents the soil from drying out) 

     

23 Previene las malas hierbas (Because it prevents weeds)      

  Totalm
ente en desacuerdo 

(totally disagree) 

D
esacuerdo (disagree) 

N
eutral (neutral) 

D
e acuerdo (agree) 

Totalm
ente acuerdo (totally 

agree) 

1 Por su espectacular belleza (For its scenic beauty)      
2 Tiene un influencia positiva sobre la producción de café o 

otro cultivo (Because it has a positive influence on the 
production of coffee or other crops) 

     

3 Porque me da un ingreso adicional (lo vendo) (Because it 
provides me with an additional income) 

     

4 Porque creo que es  bueno tener variedad de especies en 
mi propiedad (Because I believe it is good to have a variety 
of species on my property) 

     

5 Me gusta su sabor (Because I like the taste)      
6 Porque pienso que es una fruta propia de mi país (Because 

I think it is a fruit native to my country) 
     

7 Por su valor medicinal (For its medicinal value)      
8 Por herencia de la cultura indígena (For the heritage of the 

indigenous culture) 
     

9 Cuando como anona/avócate, soy una persona mas sana      
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Elija lo que es correcto (Select the correct statements)  
 
2. Razones que me motivarían para mantener las anonas en mi finca (Reason that motivate 
you to maintain A. Cherimola on my property)  
 
1 Continuo a tener anonas en mi finca  (no me necesita ningún incentivo) (I would 

like to have A. Cherimola on my property anyhow. No incentives needed)  
 

2 Sólo si el gobierno me pagara (only if the government would financially support it)  
3 Sólo si fuera posible su venta mejor (only if it possible to sell the fruits better)  
4 Para promover el cultivo y su consumo (a turistas o estudiantes) (to promote the 

crop to tourists or students) 
 

5 Contribuye a la biodiversidad de mi plantación (if this would increase biodiversity 
on the field) 

 

6 Su impacto positivo sobre los otros cultivos en mi finca (it this would have a 
positive influence on other crops) 

 

7 Las propiedades nutricionales del fruto (promueve la salud) (if this would have 
health promoting properties)  

 

8 Su capacidad de  controlar las plagas (if this would decrease pests)  
9 Su potencial para combatir el cambio climático (if this would help combat climate  

(Because when I eat A. cherimola I am a more healthy 
person) 

10 Ésta fruta ayuda a controlar las plagas en mi propiedad 
(Because this fruit helps to control pests on my property) 

     

11 Siempre ha crecido en mi finca (Because it has always 
grown on my property) 

     

12 Esto árbol ayudan a conservar el agua en el suelo 
(Because this tree helps me to conserve water in the soil) 

     

13 Con este fruto, el suelo en mi finca es más fértil (Because 
with this fruit the soil more fértil) 

     

14 Los árboles (de anona o de avócate) dan sombra y así 
hacen un medio ambiente favorable para otros cultivos en 
mi finca (Because the trees provide shadow and so create 
a more favourable environment for the crops on my 
property) 

     

15 Utilizo el tronco como leña (I use the bark for firewood)      
16 El árbol disminuye el viento en mi finca (The tree 

decreases the wind on my property) 
     

17 Estos árboles crean un microclima (Because these trees 
create a microclimate) 

     

18 Porque niños juegan con la fruta (Because children play 
with the fruit) 

     

19 Porque me da sombra (because it provides shadow)      
20 Disminuye la erosión del suelo (Because it decreases the 

erosion of the soil) 
     

21 Porque tiene una influencia positiva en el ciclo de 
nutrientes en mi propiedad (Because the tree has a positive 
influence on the nutrient cycle on my property) 

     

22 Las anonas evitan la sequía del suelo (Because A. 
cherimola prevents the soil from drying out) 

     

23 Previene las malas hierbas (Because it prevents weeds)      
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change) 
10 Su capacidad de evitar la erosión del suelo (if this would decrease erosion)  
11 Sólo si necesitaría usar menos pesticidas (if I would need to less pesticides)   
12 Sólo si hubiera menos robos (only if there are less roberies)   
13 Sólo si hubiera más información sobre los tecnicismos de producir anona (only if 

there would be more information about the production process)  
 

 
 
Parte 2: Elija los que son correcto (Part 2: Select the correct statements) 
 
1. ¿Para que utiliza la anona? What do you use A. Cherimola for? 
 
1 Como fruta fresca (as fresh fruit)  
2 Por razonas religiosas (for religious reasons) 

Y en caso afirmativo, explique cuáles. (if yes, please explain further) 
 

 

3 Por razones culturales (I use fruit for cultural purposes) 
Explique cuáles. (Explain which) 
 
 

 

4 Uso el árbol con fines ornamentales (Me gusta el aspecto de la planta) (I use the 
tree for ornamental purposes) 

 

5 Uso el fruto para preparar otros alimentos (I use the fruit to prepare other products 
to consume)  
Y en caso afirmativo, explique cuáles. (If yes, explain which) 

 

6 Uso el fruto para crear productos no comestibles (I use the fruit to créate other 
non-edible products) 
Y en caso afirmativo, explique cuáles. (if yes, explain which) 
 

 

7 No uso su fruto (I do not use the fruit)  
8 Consumo el fruto para mejorar mi salud (I use the fruit to improve my health)  
 
2. Invertiría en la producción de anona … (I would invest in the production of A. cherimola if 
…)  
 
1 Siempre (Always)  
2 Nunca (Never)  
3 Si me da beneficios económicos (if it gives me a financial benefit)  
4 Si aumenta el rendimiento de mi cafetal (if it increases my coffee yield)  
5 Para controlar plagas en mi plantación (if it would decrease the costs for 

pesticides) 
 

6 Para conservar más agua en el suelo (if it would positively influence the water 
table) 

 

7 Para no afectar el cambio climático (if it would create a better climate)  
8 Si tuviera una influencia positiva en el ciclo de los nutrientes (if it would positively 

influence the nutrient cycle) 
 

9 No sé (I don’t know)  
 

12.1.2 Part 2: Structured interview 
The structured interview with the original Spanish questions and English translation.   
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Información Personal (Personal information) 
Nombre (Name)  
Quien es el propietario de la finca (Name of the owner of the farm) 

Edad (Age) 
Ciudad (City of residence)  
Mejor Nivel de Educación completado (Highest educational level)  

Estado civil ( casado, soltero, …) (Civil status) 

 
Producción de café (Coffee production) 
¿Desde cuando hay/cultiva café en su finca? (Since when do you have/grow coffee?)  

¿Cuántos árboles de café tiene? (How much coffee trees do you have?) 

¿cuántos hectáreas del cafetal tiene? 
(How much hectares coffee plantation do you have) 

¿Cual es la cantidad de café vendida? (kg por año o ton por año) 
seco? (How much kg of green beans do you produce annually)  

¿Cual es el % que café tiene en su finca? (What is the share of trees planted to 
provide shade) 

¿Cual arboles uso para el hambre? (Which trees do you use to provide shade) 

¿Dónde vende su café? (where do you sell your coffee) 

¿A que precio se vende el café? (por kilo) (At which price do you sell your coffee) 

 
Producción de arboles frutales (Fruit production) 
¿Desde cuando hay/cultiva arboles frutales? (Since when do you grow or produce 
fruit trees) 

¿Cuántos árboles tiene de cada tipo de fruta? (How many fruit trees do you have of 
each kind?) 
 
¿Dónde vende sus frutas? (Where do you sell your fruits?)  
 
Producción de anona (A. cherimola production) 
¿Desde cuando hay/cultiva anona en la finca? (Since when do you have/grow A. 
cherimola) 
¿Cuantos árboles de anona tiene en su finca? (How many A. cherimola trees do you 
have 
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¿Cual es la forma de producción de la anona en su finca? (What is the production 
form of  A. cherimola on your farm?) 

o intercalado con los cafetos  (between the coffee trees) 
o a lado del cafetal (Next to the coffee trees) 
o un grupo de anonas (bosque pequeño) dentro del cafetal (in groups between 

the coffee trees)  
o un grupo de anona (bosque pequeño) a lado del cafetal (in groups next to the 

coffee trees  
o otro lugar ( explique) (other form) 

 
¿Cual es el origen de los árboles? (What is the origin of the trees) 

o Ya estaban allí (They were always there)  
o planteados para yo mismo (I planted them myself) 
o  plantado por el propietario anterior (planted by the previous owner) 
o Otro (Explique) (Others) 
o  

¿Cual es la edad de los árboles en su finca? (What is the age of the trees on your 
property?) 
 
¿Cual es el cantidad promedio por árbol por año? (número de frutos o kg) (What is 
the average amount of fruits per tree per year; kg)  
 
¿Que actividades de mantenimiento son realizadas en los árboles de anona? (Which 
management actions do you perform on your farm?) 
 
1) ¿Poda? (Pruning?) ¿Cual es la frecuencia?  
(Frequency of pruning?) ¿Cuales son los criterios?  
(Criteria on which the pruning is based?) 
2) ¿usa un sistema de riego?  
(Irrigation?) ¿Cual sistema? (Which irrigation system do you use?) 
3) ¿Usa bono? (Do you use fertilizer?) ¿Orgánico o inorgánico? (organic or 
chemical?) ¿Cual es la frecuencia? (At which frequency?) 
4) ¿Usa pesticidas? (Do you use pesticides?)  ¿Contra qué plaga? (Against which 
pests?) ¿Cual es la frecuencia? (At which frequency?) 
5) ¿limpia malezas? (Do you weed?) ¿Cómo? (How?) ¿Cual es la frecuencia? (At 
which frequency?) 
 
¿Cosecha todas las anonas? (Do you harvest all the fruits?) 
¿Cuando no cosecha todas las anonas, ¿porque? (If not, why?) 

o Daño de insectos (demage by insects) 
o daño de enfermedades (damage because of diseases) 
o frutos son pequeños (to small fruits)  
o frutos deformados (deformed fruits) 
o malo sabor (bad taste) 
o demasiado semillas (to much seeds)  
o otro (Explique) (others)   

 
¿Que es el porcentaje de pérdida? (What is the share of losses?)  
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12.1.3 Part 3: Semi-structured interview 
Original Spanish questions from the semi-structured interview with English translation: 
1. ¿Cual es la valor de la diversidad de anona en su finca? (What is the value of the diversity 
of A. cherimola en your property?)  
2. ¿Que son las problemas principales para la producción con las anonas (in ordo de 
importancia)? (What are the main problems within the production of A. cherimola?) 
3. ¿Que son las soluciones para las problemas en la producción? (How would you resolve 
the before mentioned problems concerning the production of A. cherimola?) 
4. ¿Que son las problemas principales para le vente de anonas? (What are the main 
problems with the sale of A. cherimola?) 
5. ¿Que son las soluciones para las problemas en le vente? (How would you resolve the 
before mentioned problems concerning the sale of A. cherimola?) 
6. ¿Como su quiere el futuro? Que es su visión? (How do you see the future? What is your 
visión concerning A. cherimola?) 

¿Cuales son las causas de pérdidas que tiene a nivel de campo?(What are the 
reasons for fruit loss at field level?)  

o plagas (pests)  
o enfermedades (diseases) 
o clima (climate)  
o otro (Explique ) (others) 

 
¿En qué época del año se realiza la cosecha de anona? (When do you harvest the 
fruits?) 
¿Cómo aprecia la calidad de sus anonas? (How do you appreciate the fruits?)  

o muy mala (very bad) 
o mala (bad) 
o regular (regular) 
o buena (good) 
o muy buena (very good) 
 

¿Quien es responsable del mantenimiento de los árboles de anona? (Who is 
responsable for the production process?) 
 
¿Cuanto % es para consumo familiar? (Which share of the harvest is for family 
consumption?)  
 
¿Cuanto % es para vente? (Which share of the harvest is sold?) 
¿Dónde vende su anona? (Where do you sell your fruits?)  

o ¿Mercado local? (Local markets) 
o ¿Super mercado? (Supermarket) 
o ¿Feria agrícola? (farmers fair) 
o ¿Distribuidor? (middlemen) 

 
¿A qué precio se vende esta fruta hoy y en la pasada? (por kilo) (At which price do 
you sell the fruits per kg?)  
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7. ¿Que son los medidas principal para conservar la anona? (What are the main measure to 
conserve A. cherimola?) 
8. ¿En que manera usted puede ayudar para proteger la diversidad de las anonas en Costa 
Rica? (In which way could you you contribute to the conservation of the diversity of A. 
cherimola in Costa Rica?) 
9. ¿Que piense usted de conservación de anona en su finca? (What do you think about the 
conservation of A. cherimola on your property?) Bajo cuales condiciones usted conservación 
en su finca viable? (Under which conditions do you think that theconservation of A. 
cherimola is viable? 

12.2 Appendix 2: Results of questionnaire 
Table A: Amount of people per step on the scale, the cumulative score and the average 
score per statement in Copey for question 1:  
 
 Statement A

m
ount 

of 
people 

choosing -2  
(Totally disagree)  

A
m

ount 
of 

people 
choosing -1 
(D

isagree) 

A
m

ount 
of 

people 
choosing 0 
(neutral)  

A
m

ount 
of 

people 
choosing 1 
(agree) 

A
m

ount 
of 

people 
choosing 2 
(totally agree)  

C
um

ulative score  

A
verage score 

1 
 

Por su espectacular belleza 
(for its scenic beauty) 

0 1 3 6 4 13 0.93 

2 Tiene un influencia positiva 
sobre la produccion de café o 
othro cultivo 
(Because it has a positive 
influence on the production of 
coffee or other crops) 

4 3 4 1 2 -6 -0.43 

3 Porque me da un igreso 
adicional  
(Becuase it provides me with 
an additional income) 

1 0 0 4 9 20 1.43 

4 Porque creo que es bueno 
tener variedad de especies 
en mi propiedad (Becuase I 
believe it is good to have a 
variety of species on my 
property) 

0 1 1 1 11 22 1.57 

5 Me gusta su sabor (Because I 
like the taste) 

0 0 1 2 11 24 1.71 

6 porque pienso que es una 
fruta propia de mi pais 
(Because I think it is a fruit 
native to my country)  

1 0 0 2 11 22 1.57 

7 por su valor medicinal (for its 
medicinal value)  

1 1 2 2 8 15 1.07 
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8 por herencia de la cultura 
indigena  
(for the heritage of the 
indigenous culture) 

1 1 4 3 5 10 0.71 

9 Cuando como anona, soy una 
persona mas sana ( Because 
when I eat A. cherimola I am 
a more healthy person)  

0 1 0 5 8 20 1.43 

10 ruit helps to control plagues 
on my property)  

2 3 6 0 3 -1 -0.07 

11 
 
 

siempre ha crecido en mi 
finca (because it has always 
grown on my property)  

0 0 2 4 8 20 1.43 

12 esto arbol ayundan a 
conservar el agua en el suelo 
(because this tree helps me 
to conserve water in the soil)  

2 2 3 2 5 6 0.43 

13 con este fruto, el suelo en mi 
finca es mas fertil (because 
with this fruit the soil more 
fertil)  

1 2 4 2 5 8 0.57 

14 los arboles dan sobra y asi 
hacen un medio ambiente 
favorable para otros cultivos 
en mi finca (because the 
trees provide shadow and so 
create a more favourable 
environment for the crops on 
my property)  

0 1 3 3 7 16 1.14 

15 utilizo el tronco come leña (I 
use the bark for firewood)  

1 2 3 6 2 6 0.43 

16 el arbol disminuye el viento 
en mi finca (the tree 
decreases the wind on my 
property)  

1 2 2 3 6 11 0.79 

17 estos arboles crean un 
microclima (because these 
trees create a microclimate)  

1 2 6 3 2 3 0.21 

18 porque ninos juegan con la 
fruta (Because children play 
with the fruit)  

6 3 3 0 2 -11 -0.79 

19 porque me da sombra 
(becuase it provides shadow)  

1 1 2 5 5 12 0.86 

20 disminuye la erosion de suelo 
(Because it decreases the 
erosion of the soil)  

1 2 3 3 5 9 0.64 

21 Porque tiene una influencia 
positiva en el ciclo de 
nutrientes en mi propiedad 
(becuase the tree has a 
positive influence on the 
nutrient cycle on my property)  

2 0 5 0 7 10 0.71 

22 las anonas evitan la sequía 
del suelo (becuase A. 

2 1 6 1 4 4 0.29 
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cherimola prevents the soil 
from drying out)  

23 Previene las malas hierbas 
(Becuase it prevents weeds)  

4 1 3 2 4 1 0.07 

 
 
Table B: Amount of people per step on the scale, the cumulative score and the average 
score per statement in Copey for question 2:  
 Statement A

m
ount 

of 
people 

choosing -2  
(Totally disagree)  

A
m

ount 
of 

people 
choosing -1 
(D

isagree) 

A
m

ount 
of 

people 
choosing 0 
(neutral)  

A
m

ount 
of 

people 
choosing 1 
(agree) 

A
m

ount 
of 

people 
choosing 2 
(totally agree)  

C
um

ulative score  

A
verage score 

1 
 

Por su espectacular 
belleza 
(for its scenic beauty) 

2 0 5 2 5 8 0.57 

2 Tiene un influencia 
positiva sobre la 
produccion de café o 
othro cultivo 
(Because it has a 
positive influence on 
the production of coffee 
or other crops) 

5 0 3 4 2 -2 -
0.14 

3 Porque me da un 
igreso adicional  
(Becuase it provides 
me with an additional 
income) 

0 0 0 2 12 26 1.86 

4 Porque creo que es 
bueno tener variedad 
de especies en mi 
propiedad (Becuase I 
believe it is good to 
have a variety of 
species on my 
property) 

0 0 2 2 10 22 1.57 

5 Me gusta su sabor 
(Because I like the 
taste) 

0 0 1 2 11 24 1.71 

6 porque pienso que es 
una fruta propia de mi 
pais (Because I think it 
is a fruit native to my 
country)  

2 2 1 3 6 9 0.64 

7  
 
 

1 1 2 1 9 16 1.14 
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por su valor medicinal 
(for its medicinal value)  
 
 
 

8 por herencia de la 
cultura indigena  
(for the heritage of the 
indigenous culture) 

2 2 3 3 4 5 0.36 

9 Cuando como 
aguacate, soy una 
persona mas sana ( 
Because when I eat 
avocado I am a more 
healthy person)  

0 1 1 2 10 21 1.50 

10 esta fruta ayuda a 
controlar las plagas en 
mi propiedad (Becuase 
this fruit helps to control 
plagues on my 
property)  

3 2 7 1 1 -5 -
0.36 

11 
 
 

siempre ha crecido en 
mi finca (because it has 
always grown on my 
property)  

1 3 0 4 6 11 0.79 

12 esto arbol ayundan a 
conservar el agua en el 
suelo (because this tree 
helps me to conserve 
water in the soil)  

2 1 5 1 5 6 0.43 

13 con este fruto, el suelo 
en mi finca es mas fertil 
(because with this fruit 
the soil more fertil)  

1 1 6 2 4 7 0.50 

14 los arboles dan sobra y 
asi hacen un medio 
ambiente favorable 
para otros cultivos en 
mi finca (because the 
trees provide shadow 
and so create a more 
favourable environment 
for the crops on my 
property)  

1 0 3 5 5 13 0.93 

15 utilizo el tronco come 
leña (I use the bark for 
firewood)  

4 1 0 4 5 5 0.36 

16 el arbol disminuye el 
viento en mi finca (the 
tree decreases the wind 
on my property)  

2 2 3 3 4 5 0.36 

17 estos arboles crean un 
microclima (because 

3 1 3 3 4 4 0.29 
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these trees create a 
microclimate)  

18 porque ninos juegan 
con la fruta (Because 
children play with the 
fruit)  

6 5 2 0 1 -15 -
1.07 

19 porque me da sombra 
(becuase it provides 
shadow)  

2 0 1 6 5 12 0.86 

20 disminuye la erosion de 
suelo (Because it 
decreases the erosion 
of the soil)  

2 2 0 6 4 8 0.57 

21 Porque tiene una 
influencia positiva en el 
ciclo de nutrientes en 
mi propiedad (becuase 
the tree has a positive 
influence on the 
nutrient cycle on my 
property)  

2 2 6 1 3 1 0.07 

22 El arbol de aguacate 
evitan la sequía del 
suelo (becuase 
avocados prevents the 
soil from drying out)  

1 1 4 4 4 9 0.64 

23 Previene las malas 
hierbas (Becuase it 
prevents weeds)  

4 0 7 1 2 -3 -
0.21 

 
Table C: Amount of people per step on the scale, the cumulative score and the average 
score per statement in Santa Maria for question 1:   
 Statement A

m
ount 

of 
people 

choosing -2  
(Totally disagree)  

A
m

ount 
of 

people 
choosing -1 
(D

isagree) 

A
m

ount 
of 

people 
choosing 0 
(neutral)  

A
m

ount 
of 

people 
choosing 1 
(agree) 

A
m

ount 
of 

people 
choosing 2 
(totally agree)  

C
um

ulative score  

A
verage score 

1 
 

Por su espectacular belleza 
(for its scenic beauty) 

0 2 4 4 4 
10 0.71 

2 Tiene un influencia positiva 
sobre la produccion de café o 
othro cultivo 
(Because it has a positive 
influence on the production of 
coffee or other crops) 

0 0 5 6 3 

12 0.86 
3 Porque me da un igreso 

adicional  
(Becuase it provides me with 

1 0 2 1 10 

19 1.36 
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an additional income) 
4 Porque creo que es bueno 

tener variedad de especies 
en mi propiedad (Becuase I 
believe it is good to have a 
variety of species on my 
property) 

1 0 2 1 10 

19 1.36 
5 Me gusta su sabor (Because 

I like the taste) 
0 0 0 4 10 

24 1.71 
6 porque pienso que es una 

fruta propia de mi pais 
(Because I think it is a fruit 
native to my country)  

0 0 1 2 11 

24 1.71 
7  

 
 
 
por su valor medicinal (for its 
medicinal value)  
 
 
 

0 0 2 5 7 

19 1.36 
8 por herencia de la cultura 

indigena  
(for the heritage of the 
indigenous culture) 

0 1 5 5 3 

10 0.71 
9 Cuando como anona, soy 

una persona mas sana ( 
Because when I eat A. 
cherimola I am a more 
healthy person)  

0 0 0 7 7 

21 1.50 
10 esta fruta ayuda a controlar 

las plagas en mi propiedad 
(Becuase this fruit helps to 
control plagues on my 
property)  

2 1 6 2 3 

3 0.21 
11 
 
 

siempre ha crecido en mi 
finca (because it has always 
grown on my property)  

0 0 0 6 8 

22 1.57 
12 esto arbol ayundan a 

conservar el agua en el suelo 
(because this tree helps me 
to conserve water in the soil)  

0 0 4 5 5 

15 1.07 
13 con este fruto, el suelo en mi 

finca es mas fertil (because 
with this fruit the soil more 
fertil)  

0 0 5 4 5 

14 1.00 
14 los arboles dan sobra y asi 

hacen un medio ambiente 
favorable para otros cultivos 
en mi finca (because the 
trees provide shadow and so 
create a more favourable 
environment for the crops on 

0 1 0 5 8 

20 1.43 
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my property)  
15 utilizo el tronco come leña (I 

use the bark for firewood)  
2 4 4 2 2 

-2 
-
0.14 

16 el arbol disminuye el viento 
en mi finca (the tree 
decreases the wind on my 
property)  

1 1 2 7 3 

10 0.71 
17 estos arboles crean un 

microclima (because these 
trees create a microclimate)  

0 2 2 6 4 

12 0.86 
18 porque ninos juegan con la 

fruta (Because children play 
with the fruit)  

4 2 2 3 3 

-1 
-
0.07 

19 porque me da sombra 
(becuase it provides shadow)  

1 0 0 5 7 
17 1.21 

20 disminuye la erosion de suelo 
(Because it decreases the 
erosion of the soil)  

0 1 1 3 9 

20 1.43 
21 Porque tiene una influencia 

positiva en el ciclo de 
nutrientes en mi propiedad 
(becuase the tree has a 
positive influence on the 
nutrient cycle on my property)  

0 1 1 6 6 

17 1.21 
22 las anonas evitan la sequía 

del suelo (becuase A. 
cherimola prevents the soil 
from drying out)  

1 1 3 5 4 

10 0.71 
23 Previene las malas hierbas 

(Becuase it prevents weeds)  
0 2 3 4 5 

12 0.86 
 
 
Table D: Amount of people agreeing per step on the scale, the cumulative score and the 
average score per statement in Santa Maria for question 2:  
 Statement A

m
ount 

of 
people 

choosing -2  
(Totally disagree)  

A
m

ount 
of 

people 
choosing -1 
(D

isagree) 

A
m

ount 
of 

people 
choosing 0 
(neutral)  

A
m

ount 
of 

people 
choosing 1 
(agree) 

A
m

ount 
of 

people 
choosing 2 
(totally agree)  

C
um

ulative score  

A
verage score 

1 
 

Por su espectacular belleza 
(for its scenic beauty) 

0 2 2 5 5 
13 0.93 

2 Tiene un influencia positiva 
sobre la produccion de café o 
othro cultivo 
(Because it has a positive 
influence on the production of 
coffee or other crops) 

0 0 5 3 6 

15 1.07 
3 Porque me da un igreso 0 0 2 4 8 20 1.43 
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adicional  
(Becuase it provides me with 
an additional income) 

4 Porque creo que es bueno 
tener variedad de especies 
en mi propiedad (Becuase I 
believe it is good to have a 
variety of species on my 
property) 

0 0 0 7 7 

21 1.50 
5 Me gusta su sabor (Because 

I like the taste) 
0 0 2 1 11 

23 1.64 
6 porque pienso que es una 

fruta propia de mi pais 
(Because I think it is a fruit 
native to my country)  

0 1 4 4 5 

13 0.93 
7  

 
 
 
por su valor medicinal (for its 
medicinal value)  
 
 
 

1 0 1 5 7 

17 1.21 
8 por herencia de la cultura 

indigena  
(for the heritage of the 
indigenous culture) 

0 1 7 1 5 

10 0.71 
9 Cuando como anona, soy 

una persona mas sana ( 
Because when I eat A. 
cherimola I am a more 
healthy person)  

1 0 1 5 7 

17 1.21 
10 esta fruta ayuda a controlar 

las plagas en mi propiedad 
(Becuase this fruit helps to 
control plagues on my 
property)  

0 0 2 8 4 

16 1.14 
11 
 
 

siempre ha crecido en mi 
finca (because it has always 
grown on my property)  

2 3 3 2 4 

3 0.21 
12 esto arbol ayundan a 

conservar el agua en el suelo 
(because this tree helps me 
to conserve water in the soil)  

0 0 5 4 5 

14 1.00 
13 con este fruto, el suelo en mi 

finca es mas fertil (because 
with this fruit the soil more 
fertil)  

0 1 3 5 5 

14 1.00 
14 los arboles dan sobra y asi 

hacen un medio ambiente 
favorable para otros cultivos 
en mi finca (because the 
trees provide shadow and so 

0 1 0 5 8 

20 1.43 
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create a more favourable 
environment for the crops on 
my property)  

15 utilizo el tronco come leña (I 
use the bark for firewood)  

4 3 4 1 2 
-6 

-
0.43 

16 el arbol disminuye el viento 
en mi finca (the tree 
decreases the wind on my 
property)  

1 0 4 5 4 

11 0.79 
17 estos arboles crean un 

microclima (because these 
trees create a microclimate)  

2 0 2 3 7 

13 0.93 
18 porque ninos juegan con la 

fruta (Because children play 
with the fruit)  

5 3 4 0 2 

-9 
-
0.64 

19 porque me da sombra 
(becuase it provides shadow)  

1 0 0 7 6 
17 1.21 

20 disminuye la erosion de suelo 
(Because it decreases the 
erosion of the soil)  

1 0 0 4 9 

20 1.43 
21 Porque tiene una influencia 

positiva en el ciclo de 
nutrientes en mi propiedad 
(becuase the tree has a 
positive influence on the 
nutrient cycle on my property)  

1 0 1 7 5 

15 1.07 
22 las anonas evitan la sequía 

del suelo (becuase A. 
cherimola prevents the soil 
from drying out)  

3 0 3 5 3 

5 0.36 
23 Previene las malas hierbas 

(Becuase it prevents weeds)  
2 0 3 5 4 

9 0.64 
 
Table E: Percentage of people agreeing with the statements of question 3 “Razones que me 
motivarian para mantener las anonas en mi finca” (Reasons that motivate me to keep A. 
cherimola on my property) per statement and per community (English translation of the 
statements Appendix 12.1.1.) 
 Statement  Copey  Santa Maria  

1 
Continuo a tener anonas en mi finca 
(no me necesita ningún incentivo)  64.29% 71.43% 

2 solo si el gobierno me pagara 0.00% 57.14% 
3 solo si fuera posible su venta mejor 85.71% 71.43% 
4 para promover el cultivo y su consumo  100.00% 100.00% 

5 
contribuye a la biodiversidad de mi 
plantacion  92.86% 92.86% 

6 
su impacto positivo sobre los otros 
cultivos en mi finca 57.14% 92.86% 

7 las propiedades nutricionales del fruto 78.57% 92.86% 
8 su capacidad de controlar las plagas 28.57% 64.29% 

9 
su potencial para combatir el cambio 
climatico 64.29% 71.43% 

10 
su capacidad de evitar la ersoion de 
suelo 50.00% 92.86% 
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11 
solo si necesitaria usar menos 
pesticidas 71.43% 64.29% 

12 solo si hubiera menos robos  21.43% 57.14% 

13 
solo si hubiera mas informacion sobre 
los tecnicismos de producir anonas 71.43% 78.57% 

 
 
Table F: Percentage of people agreeing with the statements of question 4 “para que utiliza la 
anona” (for what do you use A. cherimola) per statement per community (English translation 
of the statements Appendix 12.1.1.)  
 Statement  Copey  Santa Maria  
1 como fruta fresca 85.71% 92.86% 
2 por razonas religiosas 0.00% 7.14% 
3 por razones culturales 14.29% 35.71% 
4 uso el arbol con fines ornamentales 57.4% 64.29% 

5 
uso el fruto para preparar otros 
alimentos 28.57% 21.43% 

6 
uso el fruto para crear productos no 
comesibles 0.00% 14.29% 

7 no uso su fruto 0.00% 14.29% 
8 sonsumo el fruto para mejorar mi salud 71.43% 92.86% 
 
 
Table G: Percentage of people agreeing with the statement of question 5 “Invertiría en la 
produccíon de anana” (I would invest in the production of A. cherimola if …) per statement 
and per community (English translation of the statements Appendix 12.1.1.) 
 Statement  Copey  Santa Maria  
1 siempre  92.86% 92.86% 
2 nunca 0.00% 7.14% 
3 si me da beneficios economicos 78.57% 92.86% 
4 si aumenta el rendimiento de mi cafetal 21.43% 57.14% 
5 para controlar plagas en mi plantacion 28.57% 42.86% 
6 para conservar mas agua en el suedo 42.86% 85.71% 
7 para no afectar el cambio climatico 71.43% 92.86% 

8 
si tuviera una influencia positiva en el 
ciclo de los nutrientes  57.14% 85.71% 

9 no sé 0.00% 0.00% 
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12.3 Appendix 3: Overview Wallace framework 
The following tables give an overview of the Wallace value-based framework including the steps ‘values’, ‘goal’, ‘assets’, ‘key processeses’ and 
management actions. The management actions are accompanied by a number corresponding to the full explanation within the text (§9.7). The 
last column states who provided the idea, respectively F corresponding to management actions suggested by farmers during the interviews and 
focus groups and A corresponding to management actions suggested by the author of this thesis to the farmers based on literature research.  

Table 1: Wallace framework aiming to create management actions focussing on genetic conservation strategies, with the corresponding values, 
goals, assets and key processes. 

VALUES	   GOAL	   ASSETS	  	   KEY	  PROCESSES	   MANAGEMENT	  ACTIONS	   Who’s	  
idea?	  

SOCIO-‐POLITICAL	  
FULLFILMENT	  	  

Protect	  local	  varieties	  
by	  local	  players	  in	  
original	  environment	  

-‐	  Genetic	  resources	   -‐	  Legal	  protection	  and	  
support	  of	  custodian	  
farmers	  

-‐	  Protect	  local	  heritage	  by	  custodian	  
farmers	  who	  start	  production	  from	  
their	  own	  or	  other	  wild	  trees	  while	  
protecting	  the	  native	  trees.	  Farmers	  
get	  payment	  for	  management	  or	  
receive	  technical	  support.	  (Measure	  1)	  	  

A	  

RECREATION	  /	  
ESTHETIC	  

Promote	  local	  
heritage	  (e.g.	  to	  
tourists)	  

-‐	  Genetic	  resources	  	  
-‐	  Public	  image	  of	  local	  
varieties	  	  
	  

-‐	  Recreation	  
	  

-‐	  Create	  touristic	  activities	  (Measure	  2)	  	  
-‐	  Promote	  to	  local	  restaurants	  
(Measure	  3)	  	  
	  

A	  

BIODIVERSITY	  ethic	   Protect	  genetic	  
diversity	  in	  situ	  on	  
coffee	  farms	  

-‐	  Genetic	  resources	  
(genes)	  

-‐	  Maintain	  genetic	  
resources	  

-‐	  Coffee	  label	  that	  guarantees	  local	  
protection	  of	  diversity	  (Measure	  4)	  

A	  

BIODIVERSITY	  ethic	   Protect	  genetic	  
diversity	  in	  situ	  on	  
coffee	  farms	  

-‐	  Genetic	  resources	  
(genes)	  

-‐	  Maintain	  genetic	  
resources	  

-‐	  Fruit	  label	  that	  guarantees	  local	  
protection	  of	  diversity	  and	  promotes	  
local	  diversity.	  While	  having	  a	  
premium	  variety	  that	  guarantees	  
quality	  (Measure	  5)	  	  
	  

A	  
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BIODIVERSITY	  ethic	   Protect	  genetic	  
diversity	  ex	  situ	  	  

-‐	  Genetic	  resources	  
(genes)	  

-‐	  Maintain	  genetic	  
resources	  

-‐	  Gene	  bank	  with	  duplicate	  in	  Spain	  
(Measure	  7)	  

F	  +	  A	  

Biodiversity	  Ethic	  	   Protect	  genetic	  
diversity	  in	  situ	  	  

Genetic	  recourse	  	   Maintain	  genetic	  
recourses	  

-‐	  Distribute	  local	  seeds	  that	  were	  
collected	  on	  different	  farms	  and	  if	  
possible	  pay	  farmers	  for	  maintaining	  
trees	  that	  grow	  out	  of	  these	  seeds	  
(Measure	  8)	  	  

A	  

Biodiversity	  Ethic	  	   Protect	  genetic	  
diversity	  in	  situ	  

Genetic	  recourse	   Maintain	  genetic	  
resources	  

-‐	  Create	  nursery	  that	  produces	  plants	  
to	  distribute	  (to	  farmers	  but	  also	  for	  
home	  gardens)	  (Measure	  9)	  	  

A	  

Biodiversity	  ethic	   Protect	  genetic	  
diversity	  in	  situ	  

Genetic	  recourse	   Maintain	  genetic	  
resources	  

-‐	  Registration	  of	  varieties	  with	  good	  
qualities	  to	  protect	  these	  local	  
varieties	  (Measure	  6)	  	  

A	  

 
Table 2: Management actions aiming to create use and production strategies, with the corresponding values, goals, assets, key processes.  
VALUES	   GOAL	   ASSETS	  	   KEY	  PROCESSES	   MANAGEMENT	   Who’s	  

idea	  	  
HEALTH	  PROMOTING	  
VALUE	  

Promote	  nutritional	  qualities	  (to	  
increase	  consumption)	  	  

Nutritional	  values	  
in	  fruit	  	  

-‐	  Promotion/	  marketing	  
of	  fruit	  

-‐	  Local	  campaign	  about	  health	  
promoting	  value	  (Measure	  10)	  	  

A	  +	  F	  

Physical	  and	  chemical	  
environment	  	  

Promote	  positive	  influences	  of	  
coffee-‐A.	  cherimola	  
intercropping	  (to	  increase	  
production	  and	  management	  of	  
coffee	  trees)	  	  

-‐	  Older	  trees	  with	  
good	  shade	  
qualities	  
-‐	  Chemical	  
compounds	  of	  
trees	  as	  repellent	  
properties	  	  

-‐	  Production	  process	  	   -‐	  Training	  sessions	  for	  coffee	  
producers	  (Measure	  11)	  

F	  

RECREATION	  /	  
ESTHETIC	  

Promote	  local	  heritage	  (family	  
fruit)	  within	  local	  society	  

-‐	  Local	  collective	  
knowledge	  about	  
A.	  cherimola	  and	  
heritage	  
	  
	  

-‐	  Local	  culture	  	   -‐	  Local	  fair	  about	  A.	  cherimola	  
(create	  new	  local	  tradition)	  
(Measure	  12)	  

A	  



 97 

ADEQUATE	  RESOURCE	   Increase	  consumption	  (locally)	  	   -‐	  Public	  image	  of	  
A.	  cherimola	  

-‐	  Consumption	  use	  /	  food	  
production	  

-‐	  Marketing	  (excellent	  taste)	  
(Measure	  2)	  	  

F	  

	   Diversify	  use	  	   -‐	  Trees	  with	  fruits	  
with	  good	  
processing	  
properties	  	  

-‐	  Processing	  	   -‐	  Create	  new	  products	  (juice,	  pulp,	  
sweets,…)	  (Measure	  13)	  

F	  

	   Decrease	  theft	   -‐	  Market	  	   -‐	  Illegal	  activities	   -‐	  Higher	  control	  on	  the	  chain	  of	  
selling	  (together	  with	  local	  
authorities	  or	  super	  markets)	  via	  
labelling	  (Measure	  14)	  
-‐	  Campaign	  against	  theft:	  create	  
awareness	  (Measure	  17)	  
-‐	  Create	  new	  group	  of	  middlemen	  
(Measure	  15)	  	  

F	  

COMMERCIAL	  ethic	   Expand	  market	  	   	  -‐	  Trees	  with	  high	  
quality	  fruits	  
-‐	  Market	  	  

-‐	  Local,	  national,	  
international	  market	  	  
-‐	  Production	  	  

-‐	  Create	  cooperatives	  to	  increase	  
access	  to	  local	  and	  national	  
markets	  (Measure	  16)	  
-‐	  Create	  export	  products	  (Measure	  
13)	  

F	  

EDUCATION	   Improve	  farm	  management	  
practices	  	  

-‐	  Yield	  of	  trees	  
and	  health	  status	  
of	  those	  trees	  

Production	  process	  	   -‐	  Manual	  about	  production	  
technicalities	  (Measure	  17)	  
-‐	  Example	  farms	  (by	  custodian	  
farmers)	  (Measure	  18)	  
-‐	  Workshops	  and	  training	  sessions	  
(within	  cooperative)	  (Measure	  11)	  

F	  

 


