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SUMMARY 

The vanilla supply chain is characterized by high risk crop management and unstable supply. In 

order to meet global vanilla demand while improving production sustainability, new approaches 

considering agro-ecological cultivation systems and transparent supply chain management are 

needed. In this study, we aim to understand farmers’ preferences towards such alternative vanilla 

cultivation and marketing systems, and thereby inform the development of a more sustainable 

vanilla supply chain. We implemented a discrete choice experiment and a survey with 186 farmers 

in the Península de Osa, southern Costa Rica, and estimated mixed logit and latent class models. 

We find that surveyed farmers are in general positive about vanilla cultivation and prefer an agro-

forestry system over vanilla cultivation in forests, crop wild relatives over commercial species, and 

manual pollination over natural pollination. Farmers prefer to sell green rather than cured vanilla 

beans, and like to engage in cooperatives that provide training and production contracts with 

buyers. Preferences are found to differ across farmers and we identify four preference classes. 

The preference class with the largest average probability (44%) shows the strongest preferences 

for agro-ecological vanilla cultivation in diversified agroforestry systems, using crop wild relatives 

and natural pollinators. Furthermore, this class has the highest likelihood to live in areas with 

restricted land use policies, creating opportunities for the development of more sustainable vanilla 

cultivation systems conform with the national program of landscape connectivity and biodiversity 

conservation. We propose a two-tier approach in alignment with observed farmer preferences 

and with potential for upscaling to similar areas along the Neotropics. 
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LIST OF ABBREVIATIONS 

AIC  Akaike information criterion 

ASC  alternative specific constant 

BIC  Bayesian information criterion 

CAIC  consistent Akaike information criterion 

CRC  Costa Rica colon 

CWR  crop wild relative 

DCE  discrete choice experiment 

LC  latent class 

MXL  mixed logit 

SE  standard error 

SPASHA joint land sparing and land sharing 

USD  United States Dollar   
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1. INTRODUCTION 

Biodiversity, at genetic, species and ecosystem level, is a key element to achieve global food 

security, as it contributes to the long term stability of agricultural production and to the overall 

resilience of agroecosystems (Cramer et al., 2017; Pilling et al., 2020). Moreover, agricultural 

lands managed in a sustainable way contribute to a higher delivery of regulating ecosystem 

functions such as maintenance of water quality, soil moisture retention, carbon sequestration, and 

pollination (Schulte et al., 2014; Liebig et al., 2017). However, the increasing homogeneity of crop 

species and varieties, agricultural specialisation and intensification, and the conversion of natural 

habitats into monoculture landscapes are propelling habitat destruction and biodiversity loss, 

including loss of crop wild relatives (CWRs) (Khoury et al., 2014; Emmerson et al., 2016; Goettsch 

et al., 2021). CWRs are essential sources of a crop’s genetic diversity (Meilleur and Hodgkin, 

2004; Castañeda-Álvarez et al., 2016) and form the basis for future breeding programmes 

towards climate change adaptation, pest resistance and taste refinement (Maxted et al., 2013; 

Nair, 2019a, 2019b). Setting conservation priorities for CWRs and their natural habitats is 

therefore vital, along with the exploration of their potential agricultural use (Engels and Thormann, 

2020).  

Several crops are facing the above-mentioned problems related to genetic erosion and CWR loss, 

of which the high-value tropical spice vanilla is a noteworthy example. Vanilla is mainly extracted 

from the cured fruits, known as pods or beans, of Vanilla planifolia Jacks. ex Andrews, a perennial 

vine belonging to the section Xanata within the orchid genus Vanilla Plum. ex Mill. (Havkin-Frenkel 

and Belanger, 2018; Karremans et al., 2020). Xanata includes all fragrant Vanilla species, i.e. 

species producing fragrant beans, of which most are defined as endangered or critically 

endangered by the IUCN Red List (Goettsch et al., 2021). The earliest documented cultivation of 

vanilla beans dates back to the Totonac empire (Mexico), where naturally pollinated beans were 

traded for other products. After the Spanish conquest, however, some vegetative Vanilla planifolia 

cuttings were taken from its native regions in Mesoamerica to several European colonies in the 

Indian Ocean (Lubinsky et al., 2008, 2010). It was here that vanilla cultivation resulted in a real 

boom thanks to the discovery of a manual pollination technique in 1841 (Havkin-Frenkel and 

Belanger, 2018). The latter enables commercial production in absence of natural pollinators, but 

generally leads to over-pollination and decreases outcrossing rates (Flanagan and Mosquera-

Espinosa, 2016). Moreover, since the leading production countries Madagascar and Indonesia 

(FAOSTAT, 2021) are not situated within the native region of fragrant Vanilla species 

(Neotropics), they depend on the limited genetic material from clonal descendants of these once 
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introduced vanilla cuttings. This, and the fact that vanilla is propagated in a vegetative way, has 

caused a genetic bottleneck that leads to increased susceptibility towards pathogen infestation 

and lower bean quality (Bory et al., 2008; Flanagan and Mosquera-Espinosa, 2016).  

Besides cultivation problems, also the vanilla supply chain faces challenges. In Madagascar for 

example, a complex history of unsustainable practices, price volatility, low farm-gate prices, and 

collusion among traders characterizes the vanilla supply chain (Munshi, 2020). While international 

prices for cured vanilla beans reached record highs (> USD 600 / kg) during the past couple of 

years, Malagasy farmers continue to sell their cured vanilla beans at low prices (USD 8 to 34 / 

kg) and are living far below the international poverty line. Child labour and early harvest due to 

theft problems are common, leading to lower quality vanilla beans (MacIntosh, 2020). 

Furthermore, importing countries, such as the USA, Japan and European countries  (ITC, 2020), 

re-export to other countries, but information about revenues and price margins along the vanilla 

supply chain is absent. The lack of quality control and transparency causes a situation of unstable 

vanilla supply, which is harmful to both producers and buyers.  

New approaches and policies are needed to improve the overall resilience within the vanilla 

sector. In this context, more resilient cultivation methods and the organizational empowerment of 

small-scale vanilla farmers should be given major attention. For example, various fragrant Vanilla 

species can be found in their native region, possessing traits that are useful for crop improvement 

programs. These species can be seen as Vanilla CWRs since they have the potential to be used 

for aromatic profile diversification, pest resistance or climate change adaptation (Ranadive, 2010; 

Maruenda et al., 2013; Azofeifa-Bolaños et al., 2014; Flanagan and Mosquera-Espinosa, 2016; 

Havkin-Frenkel and Belanger, 2018). Moreover, natural cross-pollination by members of the bee 

tribe Euglossini has been reported for some of these species (Ackerman, 1983; Lubinsky et al., 

2006; Householder et al., 2010; Soto Arenas and Dressler, 2014; Pansarin and Pansarin, 2014; 

Anjos et al., 2017; Watteyn et al., 2021), offering exciting opportunities to develop more 

sustainable agro-ecological systems that incorporate Vanilla CWRs and natural pollination. 

Overall, there is a need for effective in situ and ex situ conservation strategies of wild vanilla 

populations, protecting their natural habitat and associated ecological interactions, combined with 

community-based cultivation programs and supply chain management initiatives. This has been 

proposed by Flanagan and Mosquera-Espinosa (2016). 

Our paper explores an innovative approach, combining joint land sparing / sharing (SPASHA) 

with supply chain coordination, to create a more sustainable and resilient vanilla system. Firstly, 

SPASHA combines two strategies in a single territory: (1) the protection of natural habitats 
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comprising wild vanilla populations, and (2) the transformation of neighbouring, degraded lands 

into agroforestry systems that incorporate the high-value cash crop vanilla (including its promising 

CWRs) (Watteyn et al., 2020). By mimicking the complexity of a natural ecosystem, these 

agroforestry systems serve as biological corridors for, among other, vanilla pollinators, while 

providing numerous ecosystem services as well as stable income generation via the diversity of 

included crops (Ghaley et al., 2014; Singh Tomar et al., 2021). Secondly, supply chain 

coordination, such as horizontal coordination among farmers in agricultural cooperatives and 

vertical coordination in contracts between farmers and buyers, can foster transparency and 

efficiency in food supply chains (Vroegindewey and Hodbod, 2018; Ba et al., 2019). The inclusion 

of small-scale farmers into supply chains of high value products such as vanilla, can have 

important effects towards rural income mobility and poverty alleviation  (Wang et al., 2021). 

To develop such initiatives, however, it is crucial to understand farmers’ preferences ex ante - as 

has been documented for various farming and supply chain innovations (e.g. Blazy et al., 2011; 

Van den Broeck et al., 2017; Zhang et al., 2018; Feng and He, 2020). This study explores farmers’ 

preferences towards potential innovations in vanilla production and marketing. We focus on the 

Península de Osa, a biodiversity hotspot of high conservation importance in southern Costa Rica 

where several Vanilla CWRs can be found (Karremans et al., 2020; Watteyn et al., 2020). Despite 

a successful track of forest conservation (Algeet-Abarquero et al., 2015), many of its protected 

areas remain isolated patches surrounded by fragmented landscapes (Sánchez-Azofeifa et al., 

2003). One of the challenges in rural and impoverished areas such as the Península de Osa is 

therefore to improve habitat connectivity while realizing economic growth. The proposed approach 

to vanilla production and marketing could be one of the strategies that strives for a balance 

between biodiversity conservation and sustainable development. 

Using a Discrete Choice Experiment (DCE), we aim to (1) study farmers’ preferences for 

alternative vanilla cultivation and marketing systems, and (2) link the observed preferences to 

surveyed socio-economic and agronomic characteristics, as well as to farmer location within the 

surveyed area of the Península de Osa. Based on our findings, we propose a design for the first 

vanilla cultivation program in this region, with potential for upscaling to similar Neotropical areas. 

The development and subsequent implementation of such cultivation programs can contribute to 

the initial steps of creating a more inclusive and sustainable vanilla sector, characterized by 

applying environmental-friendly practices to assure production stability while supporting 

biodiversity conservation in and outside agricultural landscapes. 
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2. METHODOLOGY AND HYPOTHESES 

2.1. STUDY AREA 

This study is carried out in southern Costa Rica. We focus on the Península de Osa, a peninsula 

that belongs to the Puntarenas province, and includes the districts Puerto Jimenez, Bahia Drake 

and Sierpe. It is one of the most biodiverse places on earth relative to its size, housing 2.5 % of 

the world’s marine and terrestrial species (Kohlmann et al., 2010), and consists of the national 

park Corcovado, the forest reserve Golfo Dulce, and biological corridors. The latter serve as buffer 

zones connecting protected areas within as well as outside the peninsula (SINAC, 2018). The 

average annual precipitation ranges from 2,500 to 6,000 mm, with a rainy season from May to 

November, and temperatures are on average 25 °C (Holdridge, 1967; Kappelle et al., 2003). The 

current main economic activities are ecotourism, agriculture, fishing, timber production and 

livestock farming (Hunt et al., 2015; Gutierrez et al., 2019).  

2.2. DESIGN OF THE CHOICE EXPERIMENT 

Discrete choice experiments (DCEs), founded in random utility theory, are used in the field of 

agricultural economics to understand farmers’ behaviour and preferences (Schipmann and Qaim, 

2011; Abebe et al., 2013; Van den Broeck et al., 2017). They are consistent with the Lancaster 

economic theory of value (Lancaster, 1966), which assumes that respondents derive utility from 

a combination of properties (attributes) associated with a proposed scenario (alternative). It is 

assumed that respondents will choose the alternative that results in the highest utility (De Bekker-

Grob et al., 2012). DCEs are the ideal technique for ex ante preference assessments, when data 

on revealed preferences are not (yet) available. We use a DCE to test farmers’ preferences 

towards different types of vanilla cultivation and marketing systems, that represent more 

sustainable alternatives to the current situation. A series of hypothetical scenarios, differentiated 

by the levels of the included attributes, were presented to the farmers. Respondents were asked 

to choose their preferred scenario, allowing us to analyse farmers’ preferences for specific 

attributes and the trade-offs farmers make between different attributes (Hanley et al., 2001).  

Based on literature review, consultations with DCE experts and focus group discussions, we 

selected six attributes with different attribute levels: (1) vanilla cultivation system, (2) Vanilla 

species, (3) pollination technique, (4) supply chain coordination, (5) post-harvest processing of 

the green vanilla beans, and (6) annual revenues (Table 1). This represents a balanced attribute 

selection that allows us to focus on the essential elements of this study and does not overwhelm 

the respondents (Mangham et al., 2009). The first attribute, cultivation system, describes the type 
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of system used to cultivate vanilla. We distinguish two levels: (a) a secondary forest, in which 

vanilla is cultivated using the available trees as their tutor, or (b) a diversified agroforestry systems 

in which vanilla is intercropped with other crops, and where nitrogen fixing tree species (Erythrina 

spp.) are used as vanilla tutor. The second attribute, vanilla species, refers to the use of either (a) 

Vanilla CWRs native to Costa Rica, or (b) the widely known crop species V. planifolia, and its 

hybrids with V. odorata C.Presl and V. pompona Schiede. The third attribute, pollination 

technique, describes the technique used to pollinate the vanilla flowers, which can be (a) by its 

natural pollinators, or (b) manually, the latter currently applied in commercial vanilla production. 

The fourth attribute, supply chain coordination, has three levels, whereby farmers can (a) work 

independently without contract or engagement in cooperatives, implying they educate themselves 

on the vanilla crop and search for suitable markets for the vanilla beans, (b) form part of a 

cooperative providing workshops and trainings related to vanilla cultivation, or (c) form part of a 

cooperative providing the aforementioned trainings as well as holding a contract with a buyer for 

the marketing of vanilla. The fifth attribute, post-harvest process, refers to the final product sold 

by the farmer, which can be (a) the unprocessed green vanilla bean, sold right after harvest, or 

(b) the cured vanilla bean, being the result of a curing process (Havkin-Frenkel and Belanger, 

2018). The last attribute, annual revenue, is a continuous and monetary attribute and expressed 

in the currency US Dollar (USD), which is, besides the local currency Costa Rican Colon (CRC), 

a dominantly used currency. A sufficient number of revenue levels is needed to determine the 

relationship between the revenue and its derived utility. We therefore chose five different levels, 

ranging from USD 1,000 to 30,000 per hectare and calculated based on different production 

scenarios and farm-gate prices.  

We developed choice cards consisting of two unlabelled alternatives and a status-quo option (opt-

out), the latter indicating that the respondent is not interested in the proposed alternatives 

(Hensher et al., 2012; Kuhfeld, 2011). As we chose for two alternatives, each having six attributes 

with their associated levels, the number of possible choice cards was very high (24x3x5). 

Therefore, a fractional factorial design was applied, where only a subset of the total number of 

choice tasks is selected. We chose the most efficient design using the D-efficiency criterion, 

aiming to minimise the standard error of the parameter estimates for a given sample size and 

avoiding the inclusion of less meaningful choice sets (Choicemetrics, 2018). Small positive and 

negative priors (0.001 and -0.001) were used to increase the design efficiency. For the Vanilla 

species, pollination technique and post-harvest process attributes, small negative priors were 

added. Positive priors were added for the cultivation system, supply chain coordination and 

revenue attributes. Furthermore, four constraints were added to the design to ensure realistic 
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alternatives (Table A1). Using Ngene, a matrix was composed of values that represent the 

attribute levels used in the DCE, resulting in three blocks of ten choice cards each. 

Table 1. Overview and description of selected attributes and corresponding levels. 

Attribute name Attribute description Attribute levels 

Cultivation system Cultivation system in which vanilla is 
produced 

(a) Secondary forest 

(b) Intercropping agroforestry systems 

Vanilla species Vanilla species that is used for 
production 

(a) Vanilla CWRs 

(b) Commercial Vanilla species 

Pollination 
technique 

Type of pollination technique that is 
used in vanilla production 

(a) Natural pollination 

(b) Manual pollination 

Supply chain 
coordination 

Engagement in cooperatives providing 
training on vanilla production and in 
contracting with buyers for a 
guaranteed market outlet 

(a) Independent (no cooperatives nor contract) 

(b) Cooperative providing training 

(c) Cooperative providing training and contract 
with buyer 

Post-harvest 
process 

Level of post-harvest processing by 
farmer and type of product sold 

(a) Green vanilla beans 

(b) Cured vanilla beans 

Annual revenue* Annual net revenue per hectare from 
vanilla production 

$ 1,000; $ 4,500; $ 7,500; $ 15,000; $ 30,000 

*calculated using the following data: estimated number of vanilla plants and vanilla beans per hectare in 

different scenarios of cultivation systems, Vanilla species, pollination techniques, supply chain 

coordination and post-harvest processing, taking into account average green/cured vanilla bean weight, 

production costs and vanilla bean prices. 

2.3. HYPOTHESES 

Based on the economic situation of our study area, we hypothesize a positive attitude of farmers 

towards the high-value cash crop vanilla. More specifically, we expect a preference for 

intercropped systems, commercial Vanilla species, manual pollination, farmers’ cooperatives, and 

selling cured vanilla beans. These hypotheses are based on the assumption that farmers would 

trade-off a higher current return or profit from traditional production methods for the resilience and 

potential higher long-term return from agro-ecological practices. Yet, we expect preferences to be 

heterogeneous across farmers as they might make different trade-offs depending on their socio-

economic situation.  
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2.4. DATA COLLECTION 

The choice experiment was conducted along with a complementary survey in the period August-

September 2019, with a total of 186 respondents. The respondents were defined as the farmers 

living in the Península de Osa, and identified using databases of the farmer cooperative Osacoop 

R.L. and the Ministerio de Agricultura y Ganadería (MAG). We additionally used an exponential 

non-discriminative snowball sampling (Bhat, 2019) for farmers not associated to one of the 

aforementioned institutions. Due to logistical constraints, some villages could not be sampled. 

Yet, our sample size represents about 20 % of the total farmer population (± 1000) within the 

peninsula (INEC, 2014), providing a rather large sampling ratio. The sample size exceeds the 

minimum required sample size to carry out a reliable DCE based on our selected attributes and 

corresponding levels, using the methodology described in de Bekker-Grob et al. (2015). 

The DCE was preceded by a farmer survey in order to collect information about farmer’s 

characteristics (Table A2). This information is crucial to reveal whether and how respondents’ 

choices depend on their characteristics (Hensher et al., 2012). SurveyCTO, a data collection 

platform, was used to register the answers of the respondents to both the DCE and the Farmer 

Survey. Before the interview, an introduction video with information on the vanilla crop, its 

management, pollination, post-harvest processing, and current cultivation and market situation 

was shown to the respondents to ensure they were all equally informed.  

Illiteracy of respondents in rural areas can complicate the implementation of a DCE (Mangham et 

al., 2009; Bennett and Birol, 2010). Therefore, a graphical representation of all choice cards was 

created based on the matrix with two alternatives (and their respective attribute levels) and one 

opt-out option (Fig. 1). The respondents were shown ten choice cards and were asked to indicate 

their preferred alternative on each card. It took maximum 30 minutes to complete the survey, 

limiting fatigue bias. In addition, we varied the order in which the choice cards of a block were 

presented to the respondents to avoid bias related to learning effects (Van den Broeck et al., 

2017). Before implementation of the DCE, we carried out a pilot study to ensure that respondents 

and enumerators clearly understood the concept and the attributes and levels on the choice cards. 

To account for possible cultural and language differences between researchers and respondents, 

the latter were questioned in their mother tongue by two local enumerators, trained by the authors. 

The purpose of the study, the procedure of the DCE (without wrong or right answers) was clearly 

explained to the respondents, and their anonymity was guaranteed. 
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2.5. ECONOMETRIC MODELS 

We estimated a mixed logit (MXL) model with random coefficient specification (McFadden and 

Train, 2000), involving the six attributes. In order to get the final parameter estimates and to 

provide a sufficient balance between parameter estimate stability and estimation time, 500 Halton 

draws were used. We further explored preference heterogeneity using latent class (LC) models. 

These models assume a specific number of latent classes in the population, with preference 

homogeneity within and preference heterogeneity across latent classes (Greene and Hensher, 

2003). LC models identify systematic heterogeneity by simultaneously estimating the probability 

of a respondent to belong to a certain class, depending on respondents’ characteristics and the 

probability that a certain alternative is chosen. The probability that an individual (i) chooses an 

alternative (j) from a set of alternatives (C) conditional on the individual belonging to a latent class 

(l) takes the conditional logit form: 𝑃𝑖𝑗/𝑙 =
exp(𝑉𝑖𝑗/𝑙(𝑍𝑗/𝑙,𝑋𝑖/𝑙))

∑ exp(𝑉𝑖ℎ/𝑙(𝑍ℎ/𝑙,𝑋𝑖/𝑙))
𝐶
ℎ=1

.  

The number of latent classes was determined by evaluating the statistical decision criteria (Akaike 

information criterion - AIC, and Bayesian information criterion - BIC) of the LC model. We selected 

a model with four latent classes. After estimating the LC model, we used the estimated LC 

probabilities and the maximum membership probability criterion (cpmax) to assign respondents 

to mutually exclusive preference classes, and further describe heterogeneity by comparing 

respondent’s characteristics across these classes. In addition, maps visualizing the distribution of 

the preference classes within our study area were created using QGIS (3.16.0). 

3. RESULTS 

3.1. DESCRIPTIVE STATISTICS OF THE RESPONDENTS 

About 73% of the respondents are male (Table A2). The majority (61%) of the respondents are 

between 25 and 50 years old. About 85% did not receive any education or only went to primary 

school. Furthermore, we observe that 59% of the respondents have a gross monthly income lower 

than the minimum wage of 250,000 CRC, based on the minimum daily wage of a non-skilled 

worker (Ministerio de Trabajo y Seguridad Social, 2021). About 80% are producing crops, 50% 

are breeding animals, 12% are involved in reforestation programs and 7% are not using their land. 

Dominant crops are oil palm (45%), fruits (33%), vegetables (11%) and cacao (9%). About 43% 

are cattle farmers. About 32% of the respondents are subsistence-oriented, while the remaining 

are predominantly commercially-oriented; with 38% selling on the local market, 24% on the 

national, and 14% on the international market, and 9% does not know the destination. About 30% 



12 
 

of the respondents are member of a cooperative, whereas 70% are working independently. 

Finally, 63% of the respondents possess knowledge on the vanilla crop, with only one 

commercializing vanilla beans. 

3.2. MIXED LOGIT MODEL 

The results of the basic MXL model are reported in Table 2. The alternative specific constant 

(ASC) parameter is significantly positive (0.95, P < 0.01) , meaning that farmers experience an 

increase in utility when moving away from their status quo to a situation in which they would 

cultivate vanilla under the proposed scenario’s for production and marketing.  

Table 2. Estimation results from the basic MXL model. 

Attribute name Mean Parameter estimate 
(SE) 

Standard deviation estimate 
(SE) 

ASC 0.95***  3.09*** 

(0.36) 

Cultivation system 
   Intercropping agroforestry systems 

 
0.52*** 
(0.11) 

 
0.89*** 

(0.15) 

Vanilla species 
   Commercial Vanilla species 

 
-0.21*** 
(0.07) 

 
0.30 
(0.26) 

Pollination technique 
   Manual pollination 

 
0.27*** 
(0.10) 

 
-0.72*** 
(0.16) 

Supply chain coordination   
   Cooperative (training) 0.36***  

(0.11) 

0.29 
(0.25) 

   Cooperative (training + contract) 0.81*** 

(0.16) 

-1.35*** 

(0.16) 

Post-harvest process 
   Cured vanilla beans 

 
-0.31*** 

(0.08) 

 
-0.50*** 

(0.10) 

Annual revenue 0.03* 

(0.02) 

-0.00 
(0.03) 

Log likelihood  -1579.49  
Chi2 117.26  
AIC 3190.98  
BIC 3297.01  

Significance shown at * p<0.1, ** p<0.05, *** p<0.01. Number of observations = 5580. 

Overall, farmers show a preference towards the cultivation of vanilla within intercropping 

agroforestry systems (0.52, P < 0.01), using Vanilla CWRs (-0.21, P < 0.01) and applying manual 

pollination techniques (0.27, P < 0.01). Furthermore, they prefer to be part of a cooperative (0.36, 

P < 0.01), with stronger preferences towards a cooperative providing training and a contract with 

buyers (0.81, P < 0.01), and to sell green vanilla beans rather than cured beans (-0.31, P < 0.01). 

We observe a significantly positive coefficient for the revenue attribute (0.03, P < 0.1), 
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demonstrating a preference towards higher revenues. The standard deviations of the ASC 

parameter as well as the production system, pollination technique, supply chain coordination, and 

post-harvest process are significant, implying  heterogeneity among farmers in the preferences 

for these attributes. 

3.3. LATENT CLASS MODEL 

The results of the LC model are reported in Table 3. The ASC estimates are significantly positive 

in latent classes 1 and 2, implying farmers prefer vanilla cultivation above their status quo. Within 

latent class 1, farmers are indifferent regarding the cultivation system or species used, but show 

strong preferences towards manual pollination, leading to an ensured vanilla bean yield. There is 

a preference to work independently and to sell green vanilla beans. In contrast, in latent class 2, 

there is a preference in favour of intercropping agroforestry systems, involving vanilla CWRs and 

natural pollinators, to be part of a cooperative and to sell green vanilla beans. 

Table 3. Estimation results from the LC model with four latent classes. 

 Mean parameter estimate (SE) 

Attribute name Class 1 Class 2 Class 3 Class 4 

ASC 1.30** 
(0.57) 

2.54*** 
(0.70) 

-2.41*** 
(0.85) 

-2.51*** 
(0.45) 

Cultivation system     
   Intercropping agroforestry system -0.12 

(0.17) 
0.63*** 
(0.12) 

-0.69* 
(0.38) 

1.68*** 
(0.33) 

Vanilla species     
   Commercial Vanilla species 0.01 

(0.13) 
-0.23** 
(0.09) 

-0.53 
(0.33) 

-0.33 
(0.22) 

Pollination technique     
   Manual pollination 0.59*** 

(0.19) 
-0.16* 
(0.09) 

-0.59* 
(0.36) 

0.95*** 
(0.22) 

Supply chain management     
   Cooperative (training) -0.39* 

(0.21) 
0.73*** 
(0.15) 

1.21* 
(0.66) 

0.08 
(0.25) 

   Cooperative (training + contract) -0.48** 
(0.24) 

1.31*** 
(0.20) 

4.19*** 
(0.73) 

0.04 
(0.25) 

Post-harvest process     
   Cured vanilla beans -0.34** 

(0.15) 
-0.31*** 
(0.10) 

0.44 
(0.32) 

-0.31 
(0.21) 

Annual revenue 0.05 
(0.015) 

0.03 
(0.07) 

0.06 
(0.05) 

0.02 
(0.02) 

Log likelihood 
AIC 
BIC 

-1552.7 
3175.5 
3407.4 

   

Significance shown at * p<0.1, ** p<0.05, *** p<0.01. Number of observations = 5580. 

The ASC estimates are significantly negative in latent classes 3 and 4, implying farmers do not 

perceive vanilla cultivation as an improvement upon their status quo. Within latent class 3, there 
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is a preference to cultivate vanilla within secondary forests with natural pollinators. This class also 

shows a strong preference towards cooperatives, especially if providing training and a guaranteed 

market, but no preferences towards the vanilla species nor the post-harvest process of the vanilla 

beans. Within latent class 4, we find significant coefficients for intercropping agroforestry systems 

and the application of manual pollination, pointing to preferences for these attributes, but not for 

vanilla species, supply chain management, or post-harvest process.  

Using results from the LC model, we assign farmers to mutually exclusive preference classes 

based on the maximum membership probability and compare respondents’ characteristics across 

the four classes using t-tests to reveal significant differences in characteristics between the four 

classes (Table 4). Class 1 (24.4% of respondents) involves the highest percentage of farmers 

who did not receive any form of education, and are the least active in agroforestry practices and 

palm oil production. These - generally younger - farmers are more focused on self-subsistence 

farming, with slightly higher percentages of fruit and vegetable production. If they sell their 

products, they predominantly do so on local markets in an independent way. Class 2 (44.8% of 

respondents) consists of farmers who mainly received primary school education. This class 

includes the highest percentages of cacao and oil palm as well as livestock farmers. These 

farmers mainly sell their products, principally on local but also (inter)national markets. Class 2 

farmers are the ones most involved in cooperatives and principally located in the forest reserve 

or biological corridor. Class 3 is the smallest class (9.6% of respondents) and includes the oldest 

and poorest farmers, with significantly more knowledge on the vanilla crop compared to the other 

classes. This class has the lowest percentages for each of the included farming activities. These 

farmers are mainly self-subsistence oriented, but the products they trade are largely sold at 

(inter)national markets. Lastly, class 4 (21.1% of respondents) consists of younger farmers with 

the highest education and income levels, and the largest farm areas. Their dominant activities are 

livestock farming and palm oil production. They work most often in an independent way, are 

commercially oriented, mainly sell on (inter)national markets, and are more likely to be located 

outside the forest reserve or biological corridor. Class 4 farmers are significantly less informed 

about the vanilla crop compared to the other three classes. Since only 27 % of the questioned 

farmers are female, all four classes show a high percentage of male respondents. Finally, farmers 

belonging to class 1, 2 and 3 are equally involved in reforestation programs, whereas reforestation 

practices are not a priority for class 4.  

  



15 
 

The four preference classes are represented on the map of our study area to reveal the 

distribution of the different types of farmers within the local context (Fig. 2). From this, we observe 

that there is a mix of farmers form different preference classes spread across the area. However, 

farmers from class 2, and to a lesser extent farmers from class 3, are dominantly living in the 

forest reserve and/or biological corridor. Farmers from class 1 and 4 are located more outside 

important conservation areas. 
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Table 4. Comparison of farmer characteristics across four mutually exclusive preference classes. 

 Mean parameter estimate (SE) Comparison between individual classes (t-tests) 

 Class 1 Class 2 Class 3 Class 4 1 & 2 1 & 3 1 & 4 2 & 3 2 & 4 3 & 4 
Class share (24.4%

) 
(44.8%
) 

(9.6%) (21.1%
) 

      

Socio-economic characteristics           

Gender (male) 0.71 
(0.45) 

0.76 
(0.43) 

0.78 
(0.42) 

0.65 
(0.48) 

-2.76*** -2.80*** 3.43*** -1.09 6.80*** 5.37*** 

Age (> 50 years) 0.60 
(0.49 

0.65 
(0.48) 

0.78 
(0.42) 

0.60 
(0.49) 

-3.38*** -7.55*** -0.24 -6.73*** 3.04*** 7.32*** 

Education           
   No education 0.36 

(0.48) 
0.23 
(0.42) 

0.22 
(0.42) 

0.20 
(0.40) 

8.20*** 5.69*** 8.80*** 0.52 2.24** 1.06 

   Primary school 0.48 
(0.50) 

0.69 
(0.46) 

0.56 
(0.50) 

0.55 
(0.50) 

-12.82*** -3.09*** -3.67*** 5.87*** 8.20*** 0.22 

   Secondary school 0.17 
(0.37) 

0.06 
(0.23) 

0.22 
(0.42) 

0.15 
(0.36) 

11.00*** -2.80*** 1.13 -12.64*** -9.42*** 3.70*** 

   University 0.00 
(0.00) 

0.02 
(0.15) 

0.00 
(0.00) 

0.10 
(0.30) 

-5.48*** - -11.83*** 3.58*** -10.46*** -7.74*** 

Income           
   < 250.000 CRC 0.64 

(0.48) 
0.59 
(0.49) 

0.83 
(0.37) 

0.40 
(0.49) 

2.97*** -8.23*** 12.42*** -10.74*** 11.25*** 18.30*** 

   250.000-500.000 CRC 0.29 
(0.45) 

0.30 
(0.46) 

0.11 
(0.31) 

0.30 
(0.46) 

-1.06 8.17*** -0.78 9.23*** 0.14 -8.70*** 

   500.000-750.000 CRC 0.02 
(0.15) 

0.00 
(0.00) 

0.00 
(0.00) 

0.05 
(0.22) 

7.93*** 3.63*** -3.47*** - -11.65*** -5.33*** 

   > 750.000 CRC 0.00 
(0.00) 

0.05 
(0.21) 

0.00 
(0.00) 

0.03 
(0.16) 

-7.84*** - -5.68*** 5.13*** 3.16*** -3.72*** 

   No information 0.05 
(0.21) 

0.06 
(0.23) 

0.06 
(0.23) 

0.23 
(0.42) 

-1.35 -0.71 -13.36*** 0.23 -15.68*** -8.84*** 

Characteristics related to farming activities 

Household help 0.31 
(0.46) 

0.28 
(0.45) 

0.33 
(0.47) 

0.38 
(0.48) 

1.96* -0.99 -3.43*** -2.53** -5.96*** -1.67* 

Cacao 0.05 
(0.21) 

0.15 
(0.36) 

0.00 
(0.00) 

0.05 
(0.22) 

-9.47*** 5.19*** -0.27 9.80*** 9.03*** -5.33*** 

Palm 0.31 
(0.46) 

0.57 
(0.50) 

0.39 
(0.49) 

0.38 
(0.48) 

-15.62*** -3.28*** -3.43*** 7.74*** 11.33*** 0.55 

Fruits + vegetables 0.38 
(0.49) 

0.34 
(0.47) 

0.17 
(0.37) 

0.35 
(0.48) 

2.67*** 9.16*** 1.59 7.88*** -0.77 -7.91*** 
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Livestock 0.40 
(0.49) 

0.45 
(0.50) 

0.28 
(0.45) 

0.45 
(0.50) 

-2.86*** 5.16*** -2.27** 7.58*** 0.20 -6.68*** 

Reforestation 0.14 
(0.35) 

0.14 
(0.35) 

0.17 
(0.37) 

0.05 
(0.22) 

0.28 -1.30 7.85*** -1.63 8.22*** 8.17*** 

Farm area 
(> 25 ha) 

0.38 
(0.48) 

0.43 
(0.49) 

0.28 
(0.45) 

0.50 
(0.50) 

-2.91*** 4.22*** -5.99*** 6.61*** -4.02*** -8.85*** 

Agroforestry 0.57 
(0.49) 

0.64 
(0.48) 

0.61 
(0.49) 

0.63 
(0.48) 

-4.08*** -1.57 -2.71*** 1.25 0.86 -0.55 

Characteristics related to marketing 

Product purpose 
(selling) 

0.59 
(0.49) 

0.71 
(0.45) 

0.56 
(0.50) 

0.75 
(0.43) 

-7.11*** 1.57 -8.27*** 7.03*** -2.60*** -8.26*** 

Product destination 
((inter)national) 

0.31 
(0.46) 

0.34 
(0.47) 

0.50 
(0.50) 

0.48 
(0.50) 

-1.72* -7.81*** -8.53*** -7.20*** -8.19*** 0.97 

Farmers’ cooperative 0.26 
(0.44) 

0.37 
(0.48) 

0.28 
(0.45) 

0.20 
(0.40) 

-6.83*** -0.70 3.65*** 4.17*** 10.74*** 3.61*** 

Farmer location 

Forest reserve + corridor 0.62 
(0.49) 

0.78 
(0.41) 

0.72 
(0.45) 

0.55 
(0.50) 

-10.59*** -4.22*** 3.48*** 2.85*** 14.80*** 6.88*** 

Forest reserve 0.19 
(0.39) 

0.31 
(0.46) 

0.22 
(0.42) 

0.10 
(0.30) 

-8.13*** -1.54 6.40*** 4.25*** 14.61*** 6.93*** 

Vanilla knowledge           

Vanilla knowledge 0.38 
(0.49) 

0.38 
(0.49) 

0.44 
(0.50) 

0.30 
(0.46) 

-0.17 -2.52** 4.25*** -2.63*** 5.02*** 5.92*** 

Significance shown at * p<0.1, ** p<0.05, *** p<0.01  
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4. DISCUSSION 

4.1. FARMER PREFERENCES REGARDING VANILLA CULTIVATION 

The results show that most farmers of the Península de Osa perceive vanilla cultivation as an 

improvement upon their current situation. The results of the MXL model demonstrate a high 

interest to cultivate vanilla in diversified agro-ecological systems, using CWRs and involving 

natural pollinators. Farmers are found to prefer selling green over cured vanilla beans, and to like 

engaging in vanilla cooperatives that provide training and production contracts with buyers.  Yet, 

preferences are found  to be heterogeneous across farmers, and with the LC model we identify  

four classes with distinct preferences. This heterogeneity is correlated with agricultural 

characteristics such as location, farming activities and marketing, as well as socio-economic 

characteristics such as education and income level. 

Classes 1 and 2 include farmers who are willing to cultivate vanilla. Class 1 farmers prefer to 

apply manual pollination and to work independently, whereas class 2 farmers prefer to involve 

natural pollinators, to use Vanilla CWRs within agroforestry systems, and to form part of a 

cooperative. Since both classes include farmers characterized by rather low income levels, 

agricultural diversification can be a mechanism for poverty alleviation, as proposed by Feliciano 

(2019). On-farm diversification, defined as the integration of (cash) crops, livestock, and/or trees 

(Altieri et al., 2015; Hufnagel et al., 2020), can act as a safety net in the event of price fluctuations 

or other disruptions to value chains (van Zonneveld et al., 2020). Although the risks and barriers 

related to agricultural adaptation might be higher for relatively poor households with resource 

constraints (Brown et al., 2019), this farmer group seems to be willing to take the risk. An 

interesting observation is the participation of both classes in cacao, oil palm, and livestock 

farming, with class 2 being significantly more involved in all three activities. The preference of 

class 2 farmers towards CWRs might originate from past negative experiences regarding pests 

and diseases, such as frosty pod rot (Moniliophthora roreri) in cacao and bud rot in oil palm 

(Alvarado et al., 2013; Bailey et al., 2018). Asrat and Simane (2018) and Pant et al. (2012) 

observed that farmers greatly value crop traits related to yield stability and environmental 

adaptability. The breeding potential of different vanilla varieties thus definitely merits further 

investigation.  

Classes 3 and 4 include farmers with negative attitudes towards vanilla cultivation. Class 3 

involves the oldest, most experienced farmers with more knowledge about the vanilla crop. The 

Península de Osa has a brief but tragic history of vanilla cultivation, due to a regional fungi attack 
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and the lack of resistant varieties (Azofeifa-Bolaños et al., 2014). It is therefore possible that some 

of these farmers have been cultivating vanilla in the past (or at least have heard about it), which 

might explain their negative attitude. Class 4 includes farmers who focus on livestock and oil palm 

to be sold at (inter)national markets, and have larger farm areas. They are the most wealthy 

farmers with the highest education levels. As observed by Lestari et al. (2019) and Abdullah et al. 

(2021), large-scale cattle farmers don’t seem to perceive biosecurity or innovation incentives as 

a real advantage. They can sell their cattle at any time, giving them a secure business –as 

confirmed through communication with Universidad Nacional de Costa Rica and local cattle 

farmers. 

4.2. LOCATION OF POTENTIAL VANILLA FARMERS WITHIN THE LANDSCAPE  

The observation of a strong positive attitude towards agro-ecological cultivation systems of almost 

half of the questioned farmers is remarkable. Their attitude is especially noteworthy considering 

the high conservation value of their location within the Península de Osa, i.e. mainly in areas 

bordering protected areas and serving as corridors between forest patches where native vanilla 

species and their natural pollinators are present. Since they are living in areas with a stricter land 

use policy, the development of sustainable practices is key and seems to be in alignment with 

observed preferences. In the case of vanilla, we see a clear added value of the proposed SPASHA 

approach, whereby current degraded lands, pastures or monocultures could be transformed to 

agroforestry systems functioning as biological corridors between forest patches. This approach is 

in line with farmers’ preferences, improves production sustainability, and provides multiple 

ecosystem services and environmental benefits since they (1) transform degraded areas into 

agroforestry systems for vanilla cultivation, potentially using promising CWRs, and (2) protect 

surrounding forests necessary to preserve natural vanilla populations and to maintain vital 

ecological interactions such as pollination (Jose, 2009; van Zonneveld et al., 2020). 

Furthermore, farmers who prefer more agro-ecological systems also show a strong preference 

towards a vanilla cooperative, especially one providing training and a market outlet. Previous 

studies (Kolade and Harpham, 2014; Ahmed and Mesfin, 2017; Manda et al., 2020; Olagunju et 

al., 2021) showed that cooperative membership improves technical assistance and benefits 

farmers in various ways, especially those farmers with less market access and a lack of market 

awareness. Benefits of cooperative membership, however, highly depend on cooperative type 

(Verhofstadt and Maertens, 2015). Yet, cooperatives might play a crucial role in farmers’ adoption 

of sustainable vanilla cultivation methods, especially for farmers with a more secluded location 

and interest in agro-ecological systems. On the contrary, farmers who are living closer to the 
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villages and outside land use restriction areas mainly prefer to work independently. Access to 

potential processing units and buyers is probably more straightforward for these farmers, and the 

implementation of agricultural activities has less restrictions, explaining their preference towards 

direct contracts with vanilla buyers. They could build on their already established market network 

used for the trade of current farm products. 

4.3. PROPOSITION FOR INNOVATION IN VANILLA CULTIVATION 

Our findings have important and direct implications for the development of a vanilla cultivation 

program within the Península de Osa. Considering the distinct differences in preferences among 

the surveyed farmers with interest towards vanilla cultivation, we propose a two-tier approach 

(Fig. 3). This approach consists of the joint or consecutive establishment of (1) a mainstream 

system, using current commercial vanilla varieties and applying manual pollination, involving 

independent farmers living outside protected areas, and (2) an agro-ecological or SPASHA 

system, using Vanilla CWRs and natural pollinators, involving farmers being part of a cooperative 

and living inside areas with strict land use policies.  

At present, only the crop species Vanilla planifolia and its hybrids with V. pompona and V. odorata 

are allowed for commercialization (Havkin-Frenkel and Belanger, 2010, 2018; Hu et al., 2019), 

and the present knowledge gap regarding pollinator species and pollination effectiveness within 

a production context favours the application of manual pollination. Besides, no institutional 

support towards the vanilla crop is currently provided in the area. Due to these restrictions, direct 

implementation will be easier for farmers with preferences coinciding the mainstream approach. 

They would need to educate themselves on the management of the vanilla crop and directly 

connect to vanilla buyers. Our results, as discussed in Section 4.2, show that surveyed farmers 

possessing the above-mentioned preferences are living closer to the larger villages and just 

outside the forest reserve or corridor. Here, a more flexible land use policy is in place that 

facilitates the implementation of new activities. 

The largest part of the questioned farmers, however, prefers Vanilla CWRs, intercropping 

agroforestry systems, natural pollinators, and a cooperative providing training and a market outlet. 

Therefore, further research could focus on (1) the effectiveness or benefits of natural pollinators 

within a production context, (2) the potential, both production- and market-wise, of Vanilla CWRs 

and their legalization for sustainable use, (3) the development of agroforestry systems that allow 

successful integration of the vanilla crop and its pollinators, and (4) the creation of a vanilla 

cooperative organizing workshops and trainings to support farmers’ adoption. Once there is more 



21 
 

information available about these CWRs, besides an approved legalization for commercialization, 

CWR germplasm could be used for crop improvement programs and exposed to the market. The 

same holds for the involvement of natural pollinators. Few studies tackling this topic observed low 

fruit sets in natural vanilla populations (Gigant et al., 2016; Watteyn et al., 2021), favouring manual 

pollination. However, naturally pollinated vanilla beans might attract specialty markets and 

thereby higher prices (personal communication with vanilla farmers of Veracruz, Mexico). This 

approach should be supported through national policies of CWR conservation and community-

based cultivation programs, as proposed by Flanagan & Mosquera-Espinosa (2016). Herewith, 

the proposed SPASHA approach could play an important role, by integrating farmers’ preferences 

within a combined approach of biodiversity conservation and sustainable development.  

Finally, we find a general preference among the questioned farmers to sell green vanilla beans. 

This creates scope for investing in local collection and post-harvest processing centres. Such 

centres could contribute to generating employment, standardizing vanilla bean quality, and 

assuring a resilient supply chain for high-quality vanilla beans from southern Costa Rica to local 

and (inter)national markets. On the other hand, an in-depth study on farmer attitudes towards 

vanilla bean processing is recommended. Meena et al., 2009 and Barua et al., 2017 for example 

demonstrated that skill-oriented trainings, the organization of farmer groups, and the development 

of low-cost post-harvest technologies and market-driven extension systems lead to higher farmer 

participation in post-harvest processing. 

4.4. LIMIATIONS OF DISCRETE CHOICE EXPERIMENTS 

Since DCEs are based on hypothetical scenarios, there is the possibility for a hypothetical bias 

(Hensher, 2010), especially since vanilla it not widely cultivated within our study region. It is a 

major criticism of stated preference data as choices made by individuals in a hypothetical situation 

might be very different from those made in real life situations, due to the fact that their reported 

choice does not require real action (Hensher, 2010). For example, our surveyed farmers could 

have made a choice that they, in real life, are not able to implement owing to whatsoever motive. 

We limited this bias using two ex-ante mitigation tools, previously described as satisfying 

mitigation techniques (Fifer et al., 2014): (1) respondents were shown an explanatory introduction 

video with information on the vanilla crop, its management, post-harvest processing, and the 

current cultivation and market situation, to ensure that they were all equally informed at the start 

of the survey, and (2) a cheap talk script was used to alert the respondents about the bias and 

tell them to emphasize on the importance of their answers despite being a hypothetical situation. 

By openly discussing the potential bias, respondents are more likely to take the bias into account 
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when giving their preferred choice, leading to more accurate results (Cummings and Taylor, 

1999). 

5. CONCLUSION 

In this study, we aim to reveal the interest and preferences of farmers towards alternative ways 

of vanilla cultivation using a choice experiment approach and data from 186 farmers in the 

Península de Osa, Costa Rica. We observe a general positive attitude towards the cultivation of 

vanilla among the surveyed farmers. We detect significant preference heterogeneity but the 

majority of farmers with positive attitudes are in favour of (1) agro-ecological systems, with an 

agroforestry management system involving CWRs and natural pollination, and (2) cooperation in 

a cooperative with a production contract. These farmers are mainly located inside the forest 

reserve or biological corridor, areas assigned to landscape restoration (SINAC, 2018). Hence, 

more sustainable production systems can be implemented in alignment with the proposed 

SPASHA approach, whereby horizontal and vertical supply chain coordination might play an 

important role to facilitate the adoption of the preferred agricultural practices and to ensure a 

stable market outlet.  

We need to note that our study is case-specific and that we should be careful to generalize our 

findings to the whole farmers’ group of the Península de Osa or other regions in Costa Rica and 

the Neotropics. Nevertheless, our study provides initial insights on farmers’ perspectives related 

to alternative vanilla cultivation and marketing systems, of which many aspects could be studied 

further for the evaluation of possible implementation programs. Further research on agronomic 

features of CWRs (e.g. growth, yield and bean quality), their market potential (e.g. aromatic 

profiles) and the development of supportive institutions and policy instruments is fundamental. 

Additional studies in similar regions along the Neotropics would be useful to reveal the full 

potential of agro-ecological vanilla production. Finally, understanding the perceptions of other 

stakeholders (e.g. consumers, international traders, export companies) along the vanilla value 

chain will be necessary to accomplish the transformation of the vanilla sector to an efficient, 

sustainable and resilient system.  
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Fig. 3. Schematic overview of the proposed two-tier approach for the implementation of a vanilla 

cultivation program in a high-priority conservation area such as the Península de Osa, taking into 

account the distinct differences in preferences among the farmers with interest in vanilla 

cultivation. 


