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ABSTRACT  
An increasing number of small-scale rural farmers in developing countries are involved in the 

so-called global trade market, producing crops such as coffee, tea, cacao, and banana to the 

Western Hemisphere. In Nicaragua, the production of coffee is of social, economic, and 

ecological importance to rural farmers. In 2005, Nestlé and Mercon, a Nicaraguan coffee export 

company introduced coffee Robusta (Coffea canephora) to Nueva Guinea, a municipality in 

the Caribbean region of Nicaragua. In 2016, over 200 rural farmers had invested in the 

production of Robusta, and the coffee is sold as instant coffee on the national market. The 

objective of this study is to analyze the socioecological impacts of the production of Robusta 

on the farm activities of rural farmers in Nueva Guinea. Based on the sustainable livelihood 

approach (SLA) I describe historical events that have shaped rural livelihoods in the Caribbean 

region. I interviewed 36 farmers in Nueva Guinea to gain insight into how they manage Robusta 

and how the production affects their farm activities. The interviewed farmers in Nueva Guinea 

went from being subsistence farmers to produce the commercial crop Robusta. The production 

of Robusta contributes to a positive development for the farmers because it enables them to 

invest in a high-value crop and to increase their income. Small farms however, reduce their 

food security because they have planted Robusta on land previously used to grow food crops. 

All the interviewed farmers apply large quantities of chemicals on the Robusta plants, and this 

negatively affects their health and the environment. Some farmers use integrated pest 

management (IPM) and alternative fertilizers on the Robusta plants, and consequently they 

reduce the chemical applications. To improve the social and environmental sustainability of the 

Robusta production in Nueva Guinea, it is necessary to find alternative trade networks that can 

give a higher value to Robusta, than to sell it as instant coffee on the national market. Farmer 

cooperatives could facilitate market integration, access to credits and certifications for rural 

farmers in Nueva Guinea, and this way they could sell Robusta at a higher price than what they 

do on the conventional market.    
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SAMMENDRAG  
Et økende antall småprodusenter i utviklingsland er involverte i det globale handelsmarkedet 

hvor de produserer kaffe, te, kakao og bananer til vestlige land. I Nicaragua er kaffeproduksjon 

av sosial, økonomisk og økologisk viktighet for bønder som bor i rurale områder. I 2005 

introduserte Nestlé og Mercon, en Nicaraguansk kaffeeksportør, kaffe Robusta (Coffea 

canephora) til Nueva Guinea, en by i den karibiske regionen i Nicaragua. Frem til 2016 hadde 

over 200 bønder investert i produksjonen av Robusta, og kaffen de produserer selges som 

pulverkaffe på det nasjonale markedet.  

Målet med dette studiet er å analysere den sosiale og miljømessige bærekraftigheten av 

produksjonen av Robusta i Nueva Guinea. Basert på rammeverket: ”Sustainable Livelihood 

Approach” (SLA) beskriver jeg historiske hendelser som har formet den karibiske regionen i 

Nicaragua, og dette er utgangspunktet for å forstå hvordan produksjonen av Robusta påvirker 

bøndene i Nueva Guinea. Jeg intervjuet 36 bønder i Nueva Guinea for å få en innsikt i hvordan 

de produserer Robusta og hvordan produksjonen påvirker gårdsaktivitetene deres. Bøndene jeg 

intervjuet gikk fra å være subsistensbønder til å produsere den kommersielle planten Robusta. 

Produksjonen av Robusta bidrar til en positiv utvikling for bøndene fordi den gir en høy 

avkastning. Matsikkerheten til småprodusenter reduseres derimot kraftig fordi de planter 

Robusta på landområder hvor de tidligere dyrket matplanter til eget konsum. De fleste bøndene 

bruker store mengder kjemikalier på Robusta-plantene og dette påvirker deres helse og miljøet 

svært negativt. Noen bønder bruker derimot integrert plantevern (IPM) og organisk gjødsel på 

Robusta-plantene, og dermed reduserer de bruken av skadelige kjemiske midler. For å forbedre 

den sosiale og miljømessige bærekraftigheten ved produksjonen av Robusta i Nueva Guinea er 

det nødvendig å finne alternative handelsnettverk som kan gi en høyere verdi for Robusta, i 

motsetning til å bli solgt som pulverkaffe på det nasjonale markedet. Lokale kaffekooperativer 

kan tilrettelegge for markedsintegrasjon, tilgang til kreditt og sertifiseringer for 

kaffeprodusentene i Nueva Guinea, og på denne måten kan de selge Robusta til en høyere pris 

enn på det konvensjonelle handelsmarkedet.  
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INTRODUCTION 

Small-scale farmers and free trade   

An increasing number of small-scale farmers in developing countries are involved in the so-

called global free trade market, producing commercial crops such as tea, coffee, cacao, and 

banana to the western hemisphere. They produce up to 70% of the world’s food supply and are 

therefore key actors in the global food market (McMichael 2015; Samberg et al. 2016).  Small-

scale farmers generally combine food crop production for their personal consumption and for 

market sale. They are sometimes contracted by multinational companies, such as Nestlé and 

Kraft Foods that control large parts of global food supply and marketing. These companies 

pressure small-scale farmers to invest in commercial crops, and later they pay the farmers a 

small fraction of the market price (LeClair 2002). 

 

Unfair pricing, debts and poor access to markets challenge small-scale farmers in developing 

countries, and they are unable to negotiate with multinational companies to increase their 

income (Petchers & Harris 2008). Commercial farming however, also creates job opportunities 

for small-scale farmers and integrates them into transnational value-chains (Hall et al. 2017). 

Coffee is one of the most important cash crops in developing countries, and it employs and 

provides income for millions of small-scale farmers (Bacon 2010; Jaffee 2007).  Coffea arabica 

(hereafter Arabica) and Coffea canephora (hereafter Robusta) are the most commonly produced 

coffee species in the world, and account for roughly 70% and 30% of the world production 

respectively (Fraser et al. 2014).   

 

This study attempts to analyze how the production of coffee affects rural farmers in Nicaragua, 

a developing country in Central America. In Nicaragua, Arabica has been cultivated in the 

northern highlands since 1850, mainly in Matagalpa and Jinotega. Robusta, on the other hand, 

has only been produced on the Atlantic coast of Nicaragua (hereafter the Caribbean region) 

since 2005 (Castellón 2014b; Hilten 2012; MIFIC 2008) (figure 1). Arabica is a high-quality 

coffee sold to Europe and the United States, while Robusta is sold as instant coffee on the local 

market (Castellón 2014; Ovalle-Rivera et al. 2015). Numerous studies have explored how the 

production of Arabica impacts rural farmers in the north of Nicaragua (Bacon et al. 2008a; 

Bacon et al. 2014; Méndez et al. 2001; Wilson 2009), but the expansion of Robusta is recent 
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and there are no published studies on the production in Nicaragua. This study therefore attempts 

to fill the knowledge-gap on how the production of Robusta affects rural farmers.  

COFFEE IN NICARAGUA 

A historical perspective  

Coffee has played a key political role in the Nicaraguan history since colonial times. European 

colonizers introduced coffee in 1850, and until the 1930s, most of the coffee was produced by 

small-scale farmers (Bacon 2008). In 1934, the political leader Anastacio Somoza led 

Nicaragua into nearly 50 years of dictatorship. He took over and centralized the coffee 

production, and turned small-scale coffee farms into large plantations that were controlled by a 

powerful elite. Consequently, the coffee farmers were forced to leave their land and work on 

large coffee plantations as cafetaleros, coffee harvesters (Wilson 2013).  

 

In 1979, the Sandinistas (El Frente Sandinista de Liberación Nacional), a socialist-inspired 

revolutionary group, came to power in Nicaragua. They re-organized the coffee plantations, 

returned the land to the cafetaleros, and established coffee cooperatives to facilitate coffee 

production and sale.  Because they removed the well-established production system that had 

sustained the economy since Somoza came to power, the economy was at risk of collapsing.  

Violeta Chamorro, political leader of Unión Democrática de Liberación was elected as 

president in 1990, and she introduced neoliberal policies to promote economic growth in 

Nicaragua. The government therefore liberalized the economy, removed farm subsidies, and 

encouraged powerful investors to keep the coffee production and other high-value crops as 

cotton and sugarcane, on track (Biderman 1983; Wilson 2013).  

 

Simultaneously as the political reforms, fair-trade organizations and companies that produce 

specialty coffee entered the Nicaraguan coffee industry (Bacon et al. 2008a). This enabled some 

farmers to export certified Arabica to a higher price than non-certified coffee. However, as only 

a few farmers joined this alternative development, most farmers were challenged by a 

liberalized market and powerful investors, resulting in low prices and competitive coffee 

markets in Nicaragua (Bacon 2008; Wilson 2013). From the time president Somoza removed 

the land of small-scale coffee producers, coffee has therefore remained a crop of the poor 

(Bacon et al. 2008a). The Nicaraguan coffee market is competitive and the coffee prices have 
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remained low. Therefore it was rather surprising when Robusta was introduced in Nicaragua in 

2005.  

 

The expansion of Robusta in Nueva Guinea 

In 2005, a Nicaraguan coffee export company introduced coffee Robusta to Nueva Guinea, a 

municipality in the south Caribbean region (figure 1). As Robusta is of lower quality than 

Arabica, the government restricted that production to the Caribbean region to not threaten the 

Arabica plantations in the north (Castellón 2014). A Nicaraguan coffee export company, the 

Mercon group (hereafter Mercon) planted Robusta as a pilot project to test its suitability in 

Nueva Guinea. By 2007, they sold seedlings to local farmers and motivated them to invest in 

Robusta, and then to sell the coffee beans to Empresa Comercial Internacional Agrícola 

(hereafter CISA).  

 

CISA is a branch of Mercon, and they coordinate the production of Robusta in Nueva Guinea. 

They sell coffee seedlings and chemical inputs, offer technical assistance to the farmers, and 

finally they buy the dried coffee beans. The coffee is then sold to Presto, a Central American 

branch of Nestlé and they make instant coffee from the coffee beans (Mercon 2016). The 

production of Robusta has expanded rapidly in Nueva Guinea, and in November 2016, over 

200 farmers from 47 different communities had planted Robusta on nearly 900 hectares (ha) 

(CISA 2016).  
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Figure 1: A map of Nicaragua. It shows the main coffee regions: Estelí and Matagalpa, the 

division between the autonomous Caribbean region: Región Autónoma del Atlántico Norte 

(RAAN) and Región Autónoma del Atlántico Sur (RAAS), including the municipalities of 

Nueva Guinea and Bluefields. The green coffee plants show the main coffee regions.  
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RESEARCH QUESTION AND OBJECTIVES 
In my research, I aim to answer the following research question:  

What are the socioecological impacts of the production of Robusta on the farming activities of 

rural farmers in the Caribbean region of Nicaragua? 

My first objective is to analyze how the production of Robusta makes rural farmers change their 

farm activities. This includes the change of staple crops, trees and livestock that are important 

for both own consumption and sale. My second objective is to combine agroecological thinking 

and the sustainable livelihood approach (SLA) into a framework to evaluate the social and 

environmental sustainability of the production of Robusta in Nueva Guinea.  

 

In the next sections, I introduce the theoretical framework for this study: the sustainable 

livelihood approach (SLA). Then, I use this framework to explain how historical events have 

shaped rural livelihoods in the Caribbean region of Nicaragua. This creates a base to understand 

how the production of Robusta affects rural livelihoods in Nueva Guinea. Further, I introduce 

the methods I used in the fieldwork I carried out in Nueva Guinea in October and November 

2016. This includes my field observations, semi-structured interviews, and the data analysis. I 

present my results and discussion, where I connect my major findings to my research question. 

I then include studies from Brazil and Vietnam, the leading producers of Robusta, to understand 

the long-term effects of producing Robusta. Finally, I conclude with a future perspective on the 

production of Robusta in Nueva Guinea.   
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THEORETICAL FRAMEWORK  

The sustainable livelihood approach 

The sustainable livelihood approach (SLA) attempts to capture the complexity and diversity of 

the rural poor. It analyzes how people access and use their resources, and how this relates to 

social and environmental sustainability (Bebbington 1999; Chambers & Conway 1991). A 

livelihood can be assessed at the level of an individual, a household, a family or a village 

(Scoones 2009). Farming is one of the most important strategies of the rural poor in the tropics, 

along with seasonal migration and industrial work (Bebbington 1999). Rural livelihoods in 

Nueva Guinea are in the focus in this study, and using SLA as a theoretical framework enables 

a detailed insight into their resource base and how they make a living. A further elaboration of 

SLA is shown in Appendix 1. In the framework of SLA, resources uses of rural livelihoods are 

called capitals, and the capitals are divided into 5 categories: social, natural, financial, human 

and physical (Chambers & Conway 1991; Scoones 2009) (table 1).  

 

Table 1: The 5 capitals, as described by Chambers and Conway (1991): natural, social, human, 

financial, and physical. I describe each capital in the table, with literature sources.  
Capital Description Sources 
Social Social networks, relations and politics that are important to 

accomplish livelihood strategies.  
(Ellis 2000; Nunan 2015; Scoones 

2009) 
Natural Natural resources as water, genetic material of plants and 

animals for breeding, land, forests, and biodiversity. 
(Ellis 2000; Nunan 2015; Scoones 

2009) 
Financial  Access to technology, markets, credits, and cash that are 

important to reach livelihood strategies. 
(Ellis 2000; Nunan 2015; Scoones 

2009) 
Human Skills, knowledge, and social services that are important to 

accomplish different livelihood strategies. 
(Ellis 2000; Nunan 2015; Scoones 

2009) 
Physical Access to infrastructure and technology, as roads, water, and 

schools. 
(Cleary 2003; Ellis 2000; UN 2005) 

 

The capitals in the context of Nueva Guinea 

Social capital  
Political reforms in the Caribbean region have shaped the social capital of rural farmers in 

Nueva Guinea. The municipality of Nueva Guinea was established in 1981, and is a part of the 

south Caribbean region (Magfor n.d). In 1987, the Sandinista government turned the Caribbean 

into two autonomous regions: The Autonomous North and South Atlantic Region (RAAN & 

RAAS) (figure 1). The minority groups pressured to get a division because they had been 

deprived and excluded from the central government since colonial times (Estrada 2013). This 

division therefore empowered the minority groups and enabled them to adapt national laws to 

the Caribbean context.   
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The political reforms in the Caribbean region was supplemented by large migrations, and this 

changed the social capital of rural farmers in Nueva Guinea. In 1971, only 9% of the 1,9 million 

Nicaraguans lived in the Caribbean region (INIDE 2005). Most of these were minority groups, 

but thousands of people migrated from the northern regions and the Pacific coast to the 

Caribbean region from the 1980s and onwards. These migrants came to the Caribbean region 

to invest in agricultural production and the population increased rapidly, challenging the 

minority groups (Magfor 2008; Sollis 1989). As the Caribbean region became autonomous at 

that time, the local leaders struggled to adapt new settlers to the Caribbean context. In 2005, 

the last population census, 14% of the 5,1 million Nicaraguans lived in the Caribbean region, 

and 54% of the 42 000 people in Nueva Guinea lived in extreme poverty, where their income 

was too low to cover their basic needs (Cuthbert & Alvarez 2014; INIDE 2005). Further, 

agricultural expansions were one of the reasons people migrated to the Caribbean region, and 

this has also changed the natural capital of Nueva Guinea.  

 

Natural capital  
Population growth and agricultural expansions have drastically reduced the natural landscape 

of Nueva Guinea. In the 1960s, president Somoza acquired large areas in the Caribbean region 

and invested in timber logging, together with crop and livestock production (CACRC 1998; 

Estrada 2013). The rich soils and tropical climate in Nueva Guinea enables intensive and year-

round agricultural production of staple crops, such as maize (Zea mays), red beans (Phaselous 

vulgaris) and plantain (Musa ssp), in addition to livestock production (Acuna et al. 1992). 

Consequently, the natural capital of Nueva Guinea is the base for economic and social 

development, and the production of Robusta is also a reason for that.   

  

Robusta is well adapted and produce large crops in the tropical climate of Nueva Guinea, and 

it has been planted extensively since 2005. With average temperatures between 22 and 30°C it 

grows up to 6 meters high, and is significantly more productive than coffee Arabica (Bunn et 

al. 2014; DaMatta et al. 2007). Robusta is a sun-tolerant plant, and as a perennial plant it can 

regenerate degraded soils (Clifford & Willson 1985; Schaller et al. 2003). CISA technicians in 

Nueva Guinea therefore recommends farmers to plant Robusta on former paddocks for 

livestock and unused land, to improve the soil quality of trampled land. The abundant natural 
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capital of Nueva Guinea is also the principal source of income and employment for the rural 

livelihoods.  

 

Financial capital 
The Caribbean is the poorest region of Nicaragua and this has challenged both agricultural 

expansion and rural development in Nueva Guinea (UNICEF 2015). In the 1990s, the 

government liberalized the economy to prosper economic growth of the agricultural sector. 

However, because agricultural expansions were led by a powerful elite, the rural farmers in the 

Caribbean region struggled to match these rapid expansions (Horton 2013; Spoor 1994). Most 

of the rural farmers in Nueva Guinea however, own agricultural land and they are self-sufficient 

with food. Agriculture is therefore the principal source for economic growth in the Caribbean 

region (Horton 2013).  

 

Rural agriculture contributes with 19% of the national gross domestic product (GDP), and of 

the total rural agricultural production, the Caribbean region contributes with 54% (Torres 

2008). Staple crops, such as maize, beans and plantain are important in the Nicaraguan diet, 

and 79% is produced by small-scale farmers (Magfor 2009). Cattle production was important 

during the Somoza regime and it has remained a major source of income in Nueva Guinea. The 

farmers in Nueva Guinea also produce root vegetables, as taro (Colocasia esculenta) and 

cassava (Manihot esculenta) for the national market. When Robusta was introduced to Nueva 

Guinea in 2005, the farmers could invest in a crop that is more profitable than the staple crops, 

and the production has prospered since.  

 

Human capital 
The social services in the Caribbean region have been poorly developed since the Somoza 

regime, and this has challenged rural livelihoods in Nueva Guinea. To improve the poor  

conditions in the Caribbean region, the Sandinistas implemented education programs for both  

children and adults (Arnove 1995). However, when the Caribbean region became autonomous  

and because the municipalities were poorly governed by the local leaders, it was difficult to 

maintain the education programs (Estrada 2013; Sollis 1989). Consequently, the levels of 

education and health services have remained below the national average (Franzoni 2013; 

UNICEF 2012).    
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Migrating people from the northern regions and the Pacific coast brought agricultural 

knowledge to the Caribbean region, and along with population growth, the government invested 

in education services in Nueva Guinea. El Universidad de las Regiones Autónomas de la Costa 

Caribe Nicaragüense (URACCAN) was established in 1995 and is the only public university in 

the south Caribbean region (RAAS). It offers higher education to rural communities, and this 

has strengthened the social and cultural unity in the region (F-ODM 2008). The migrants also 

brought knowledge about root vegetables and coffee, and these became important cash crops 

in the region (Suárez & Solis 2013). Education, economic development, and agricultural 

expansions therefore contributes to strengthen social services among rural people in Nueva 

Guinea.   

 

Physical capital 
The Caribbean region has suffered from conflicts and natural disasters and this has hampered 

the physical capital. After the Sandinista revolution, Nicaragua endured a ten-year civil war 

between 1980 and 1990. This war and the hurricane Mitch in 1998, one of the deadliest 

hurricanes in Central America, destroyed much of infrastructure in the Caribbean region 

(Suárez & Solis 2013). Despite this, the population of the Caribbean region kept increasing, 

and the government was pressured to restore and invest in infrastructure. In 2000, the 

government paved a road that connects Nueva Guinea and Managua, the capital, and this has 

facilitated migrations and the transport of agricultural products to the capital. The roads that 

connect the communities in Nueva Guinea however, are poorly developed and this restrict 

people to expand the agricultural production in the area (Estrada 2013).  

 

The communities in Nueva Guinea lack proper access to water and sanitation services, and this 

is a major obstacle to develop the physical capital of the rural communities. In 2005, only 38% 

of the population in the Caribbean region had access to drinking water (F-ODM 2013). A study 

funded by the World Bank in 2007 showed that several communities still lacked sewage and 

water treatment systems (Castro 2007). However, in 2010, the Nicaraguan government made 

access to water a human right by law. This was then supported by a United Nations (UN)-

funded project that targeted to half the population without access to drinking water in the 

Caribbean region (ANA 2010; F-ODM 2013). These initiatives have therefore increased the 

focus on proper basic infrastructure in the rural areas in the Caribbean region.  
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METHODOLOGY  
The farms I visited in Nueva Guinea are both diverse and complex, and to get a holistic 

understanding of the farm systems I have combined agroecological thinking and the sustainable 

livelihood approach (SLA). Agroecology is a study that focus on the ecology of food systems. 

It analyzes internal and external social, ecological and economic dimensions of a farm system, 

to find innovative solutions that will enhance the farm’s social and environmental sustainability 

(Francis et al. 2003). The production systems in Nueva Guinea are mainly family run; where 

they main source of food and income is from crop production and herding. I focus on the 

production systems at the farm level, where the farmers’ experiences and opinions are in the 

center. To initiate this methodological section, I describe my experiences from the fieldwork in 

Nicaragua.  

 

Experiences from the fieldwork   

I arrived in Nicaragua in mid-October 2016, and had scheduled a one-month fieldwork. With 

help from the Research Centre of Tropical Agriculture (CIAT) in Managua, I contacted the 

main contact person in Nueva Guinea and finalized the interview plan in one-week stay. The 

manager of CISA, the main distributor of Robusta in the region, was the main contact person 

in Nueva Guinea. He gave me a list of the producers of Robusta in Nueva Guinea, then I listed 

all the relevant farmers, and with their help I identified the farmers that would be most relevant 

for my study. After one-week stay in Managua and the interview plan was ready, I traveled to 

Nueva Guinea for two weeks of data collection.  

 

I stayed two weeks in the center of Nueva Guinea, a small city full of life from early morning 

to sunset. Different from Managua where the streets are filled with chaotic traffic, the center of 

Nueva Guinea has little motorized traffic. There are numerous street-shops along the road, 

where people combine food sale with sales of clothes, pharmacies and even chemical products 

for agriculture. Outside the city center however, the scene is very different. The infrastructure 

is poor and agricultural fields and small households dominate the area.  

 

During my two weeks in Nueva Guinea, I interviewed farmers at the main office of CISA, and 

the CISA staff took me to nearby communities to meet the farmers in their houses. The farmers 

we met were open to talk, and this is probably because of the well-established relationship with 

CISA. I talked informally with the farmers along with the interviews, and this laid the 
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foundation for a gradual understanding of how the farmers make a living in Nueva Guinea. 

Most of the farmers I interviewed own land far from where they live, and because they would 

initiate the harvest season in three weeks, I met the farmers in their homes.  

 

The communities are relatively small and most have a village center of 20 to 30 houses. A 

village center like this typically has numerous churches, a big park, eateries and small shops. 

The houses people live in are simple cement constructions painted in bright colors. Each house 

has a principal room with a television, a bedroom and an outdoor kitchen at the back of the 

house. All the houses have a garden with small plots of crops and decorative plants.  

 

As we traveled around to the different communities, I observed a green and lush landscape and 

dispersed fragmented forest patches. There are large areas of paddocks, and the CISA staff said 

that livestock production is an important source of income in the region. Along with coffee 

plantations, I observed mainly plantations with cacao, cassava, maize, root vegetables, 

pineapple and papaya. During these field experiences and through informal talks with my main 

contact person in CISA, it became clear that farming is the main activity in the region. With the 

interviews, it created a base to understand how rural farmers adopt various livelihood strategies 

to make a living.   

 

Interviews  

Based on a list given by CISA in Nueva Guinea, I selected 36 of the 200 Robusta farmers in 

Nueva Guinea. I selected the farmers for the interviews based on how long they had grown 

Robusta, and I selected 36 farmers because this was the number I could complete within 2 

weeks (table 2). Of the 36 farmers, 30 had planted Robusta between 2007 and 2013. The 

remaining 6 producers planted between 2014 and 2015. A varied sample ensured a sample of 

experienced farmers, and a complementary sample of farmers who had planted more recently. 

Figure 2 shows the communities I interviewed in Nueva Guinea.  

 

I presented an ethical declaration before I initiated the interviews to inform the interviewees 

about the background of this study. I also explained how I would use the information from the 

interviews (Appendix 2). I told them about the motivations to conduct this research and about 

my expectations. I also explained how their opinions and experiences with Robusta were a 

major part of my research. I asked about their farm activities, but I did not ask about their 
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incomes. The interviewees were mostly men, as seen in table 2. If I had interviewed both men 

and women in each interview it might have changed the responses. This is because women and 

men have different roles on the farms in Nueva Guinea.  

I have also excluded the names of the interviewees and generalized single case scenarios 

because their names are irrelevant for this study. Names as Pedro, José and Miguel are therefore 

fictive names. The names of the companies that are involved in the production of Robusta, such 

as Mercon, CISA and Nestlé are real ones, and I have included these to facilitate future research.    

 

Table 2: An overview of the interviewed farmers, with farm names and gender of the 

interviewed farmers (M= male, F= female), the name of the communities and the total 

productive area of the farms (hectares) 

Farm Farm name Community Total area (ha) Farm Farm name Community Total area (ha) 

1 El Coco (M) Los Ángeles 7 19 Buena Vista (M) Los Ángeles 26 

2 El Trillo (M) Nueva 
Guinea 14 20 El Diamante (M) Yolaina 17,6 

3 Bella Vista (F) Yolaina 14 21 Monteverde (M) Yolaina 8,8 

4 La Esperanza (M) La Esperanza 35,2 22 La Flor (M) Nueva Guinea 49,3 

5 San Antonio 2 (F) San Antonio 28,1 23 El Coco (M) Los Pintos 17,6 

6 El Diamante (M) San Antonio 59,1 24 El Torno (M) Nueva Guinea 140,8 

7 El Copito (M) San Antonio 21,1 25 El Coyolote (M) Los Pintos 23,2 

8 La Esperanza (M) San Antonio 35,2 26 La Unión (M) Los Pintos 3,5 

9 El Destino (M) Guinea Vieja 42,2 27 Regalo de Dios (M) Yolaina 14 

10 La Ceiba (M) Guinea Vieja 3,5 28 Pinaré de Rio (M) Nueva 
Horizonte 70 

11 San Martín (M) Los Ángeles 7 29 La Unión (M) Los Pintos 84,5 

12 La Perla (M) Los Pintos 28,1 30 La Esperanza (M) La Esperanza 35,2 

13 San Antonio (M) Los Pintos 211 31 La Recia (M) Yolaina 17,6 

14 La Fortuna (M) Montevideo 17,6 32 Santa Elena (M) Los Pintos 13,3 

15 Buenos Aires (M) Montevideo 35,2 33 San Antonio (M) La Esperanza 10,5 

16 La Belleza (M) Montevideo 7 34 Nueva Guinea (M) Nueva Guinea 7 

17 Los Ángeles (M) San Roque 188,7 35 Dos Hermanos (M) Los Pintos 46,4 

18 Lo Alpez (M) Nueva 
Guinea 88 36 Bella Vista (M) Los Pintos 7 
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Questionnaire 
I initiated the conversations with the farmers with a questionnaire to “set the stage”, and to get 

an overview of their farm activities. The CISA staff were present during the interviews, and 

knowing that this possibly would affect the conversations with the farmers, I chose not to record 

the interviews in case this would influence the interviews more. The questionnaire includes 

questions on crop types, including their uses and management. I asked them to list the three 

major crops that were most important for sale and own consumption. Finally, I asked if they 

applied organic or chemical treatments on the crops they produce. I filled in the interview forms 

in the interviews, as shown in Appendix 3a. I then continued the conversation with a semi-

structured interview, where I brought in social, economic and ecological aspects of their farm 

activities (Bernard 2006; Walliman 2006).  

 

Semi-structured interview 
My objective with conducting a semi-structured interview was to be a participant observer and 

to learn from the producers (Bernard 2006). I therefore asked how many people where in the 

household, and the household’s role on and outside the farm. To quantify the diversity on the 

farms I asked whether they had trees and animals, and how these are managed on the farms. I 

asked how they manage pests and diseases on the Robusta plants. Then I asked how the soil 

structure and productivity of the Robusta plants and other crops have changed since they 

planted the Robusta plants. To include the socioeconomic aspects of Robusta, I asked about its 

costs and profits, whether they will continue to grow Robusta, and what they would have 

planted instead of Robusta. Finally, to sum up the interviews I asked if they recommended 

Robusta to other farmers in the region, and I asked about how they foresee the Robusta 

production in the next five to ten years. An example of a semi-structured interview is shown in 

Appendix 3b.  

 

At the end of the fieldwork, I interviewed two contact persons that are involved in the 

production and sales of Robusta in Nueva Guinea: the manager of CISA in Nueva Guinea and 

an employee of Mercon in Nueva Guinea. These interviews were based on the findings from 

the interviews I had conducted with the farmers. I asked about what motivated Mercon to invest 

in Robusta in Nueva Guinea, and in what ways their expectations matched the reality. Then I 

asked about how they motivate farmers to plant Robusta, and if they receive feedback from the 

farmers. Finally, I asked how Robusta has changed the landscape of Nueva Guinea. 
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Figure 2: A map of the communities in Nueva Guinea. The communities I conducted the 

interviews are circled in red (Miguel 2016).  

 

Data analysis  

I divided the analysis into two parts: quantitative and qualitative. To identify the major and 

most relevant findings from the interviews, I combined the 5 capitals of SLA and agroecological 

thinking. The next sections summarize the quantitative and qualitative analysis. Then I explain 

how I have interpreted the findings in relation to a Robusta-centered livelihood analysis, and 

this is the base to analyze the livelihood security and environmental sustainability of Robusta 

in Nueva Guinea.     

 

Quantitative analysis  
In the quantitative analysis, I identified and mapped the farm management and diversity of the 

farms I studied. The quantitative analysis was carried out to get an idea on the diversity, farm 

activities and family composition on the farms (Bernard 2006; Walliman 2006). To compare 

the different farms in relation to the total farm size, I categorized the farms into 3 groups 

according to their total productive area: small, medium, and large. Then I categorized the 

agricultural inputs as either chemical or organic. The chemicals include fertilizers, herbicides, 

fungicides, and pesticides bought on the market, while the organic group include treatments 

such as manure, compost, weeding, insect traps, and organic fertilizers, herbicides, fungicides, 
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and pesticides bought on the market. I quantified the management of the Robusta plants, and 

this includes how the soil quality, productivity, pest, and disease incidents have changed the 

last five years.  

 

Qualitative analysis 
I analyzed the qualitative data in a table that lists my major findings. I made summaries of all 

the interviews during the fieldwork, and later I interpreted the major findings from the 

interviews and included these in a table (Appendix 4). In this table I categorize each farm, (1, 

2, 3, and so on.), with the material from the interviews. This enabled a clear overview of my 

major findings and these findings are the base for the results.  

 

I adapted a livelihood analysis developed by Ellis (2000) and inspired by the SLA framework, 

to the context of this study. Table 3 shows a Robusta-centered livelihood analysis based on the 

5 capitals and the context these capitals are accessed. In the context of the production of Robusta 

in Nueva Guinea, the farmers access Robusta through social relations, markets, and state 

agencies, while in the context of macro policies, the capitals are accessed through market prices 

and trends. This has different effects on rural farmers in Nueva Guinea, as listed in the last box 

of the table. The livelihood analysis is the base I use to analyze the livelihood security and the 

environmental sustainability of Robusta in Nueva Guinea.  

 

Table 3: A Robusta-centered SLA framework for livelihood analysis, inspired by Ellis (2000) 

and adapted to the major findings in this study.  

Livelihood 
platform 

Accessed by In the context of Resulting in Composed of  With effects on 

 
 
Natural capital 
 
Social capital 
 
Financial capital 
 
Human capital 
 
Physical capital 

 
 
 
Social 
relations  
 
Markets in 
practice 
 
State agencies 

 
 
 
Macro policy 
 
Relative prices 
 
National and 
world economic 
trends 

 
 
 
 
 
Livelihood 
strategies  

 
 
 
 
Cultivation of 
Robusta 
 
Other livelihood 
strategies 
 

Livelihood 
security: 
Income level 
Seasonality 
Degrees of risk 
Savings 
Environmental 
sustainability: 
Soils and land 
quality 
Water 
Rangeland 
Forests 
Biodiversity 
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RESULTS   
I divided the farms into 3 groups: small, medium, and large, according to their total productive 

area. Table 4 shows each category, the number of farms within each category, and the average 

farm sizes in hectares (ha). The table also lists the average production of the most produced 

staple crops: maize, red beans, plantain, and cassava. On average, small farms use 70% of their 

land to produce the 4 staple food crops, while the medium and large farms use 30% and 17% 

respectively. The remaining land area on each farm is used either to grow Robusta or paddocks 

for livestock production.  

 

Table 4: The table shows how I divided the farms into 3 categories (small, medium, and large) 

according to their total productive area, including the number of farms, area of crops, and the 

average area of Robusta production according to each category.  

Category: Small farm Medium farm Large farm 
Size distribution: 3,5 – 10 ha 10 – 30 ha < 30 ha 

No of farms: 8 farms 14 farms 14 farms 
Average farm size: 6,4 ha 18,8 ha 80 ha 

 
Area of crops: 

Maize: 1,2 ha 
Beans: 1,1 ha 

Cassava: 1,5 ha  
Plantain: 0,6 ha  

Maize: 1,3 ha 
Beans: 1,3 ha 

Cassava: 2,3 ha  
Plantain: 0,8ha 

Maize: 2,7 ha 
Beans: 2,4  

Cassava: 2,8 ha  
Plantain: 1,6 ha 

Average area of Robusta: 3,5 ha 6 ha  13,5 ha  

 

Farm activities  

The farmers I interviewed in Nueva Guinea are engaged in diverse farm activities, and they 

depend on crops, trees, and animals for both income and food. Of the 36 farmers I interviewed, 

25, or 70% grow between 4 and 6 crops, namely maize, red beans, cassava and plantain, and 

some farmers grow rice (Oryza spp), and taro (Colocasia esculenta) in addition to the 4 

mentioned staple food crops. Of the 36 farmers, half of them have between 5 and 7 fruit and 

timber trees, while 10 farmers have more than 8 trees on the farm. In total I registered 17 

different tree species in all the interviews.  

 

All the 36 farmers have livestock, and on average they have 3 livestock per farm. Of the 36 

farmers, 70% have cows, while 64% have chickens and half of the farmers have pigs. The 

farmers said that the cows and pigs are principally sold on the local market and provide an 

important income to the households. The chickens however, generate little income and are 

therefore mainly consumed within the household.   
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Socioecological aspects of Robusta 

CISA sells a Brazilian bred hybrid of Robusta called Conilon to the farmers in Nueva Guinea. 

This hybrid is bred to be a sun-tolerant, productive and resistant version of coffee Robusta 

(CISA 2016). Because of this adaptation, CISA recommends the farmers to plant Robusta in 

open fields with no tree cover, preferably on paddocks previously used for livestock. Despite 

these advices, 15 farmers kept the tree cover when they planted Robusta. Of these 15, 1 farmer 

planted Robusta in a closed forest system, while the remaining 14 farmers kept timber and fruit 

trees in the area they planted Robusta. The interviewed farmers said that they keep a wide range 

of fruit and timber trees because they depend on a variety of tree species for food, including 

timber and wood supplies for sale and own use.   

 

The area the farmers grow Robusta on varies significantly between the 3 categories. As seen in 

table 4, Robusta occupies on average 3,5 ha, or 55% of the total land of small farms, while 

medium farms grow on average 6 ha, or 32%, and large farms 13,5 ha, barely 17% of their total 

land. The reason that this does not match the area used for crop production (table 4), is because 

some farmers planted Robusta recently and they intercrop food crops with Robusta plants the 

first years of production. This means that the area with Robusta is correct, while the area for 

food crops varies according to when they planted Robusta. Of the 36 interviewed farmers, 17 

planted Robusta on cropland. These farmers produced staple crops where they planted Robusta. 

Of these 17, 7 are small farms and they produce Robusta on land they previously used to grow 

food crops. This is because their total productive area is too small to combine both profitable 

yields of Robusta and to be self-sufficient with food crops.  

 

The farmers intercrop food crops with Robusta the first 2 to 3 years of production, and they 

also plant food crops after they pruned the coffee plants after 5 years. As food crops combined 

with Robusta yield more than crops grown alone, due to the extensive use of fertilizers on 

Robusta, it motivates farmers to take advantage of the land. When the Robusta plants reach 

maximum height however, most farmers stop to grow annual crops with Robusta because the 

coffee plants are too large and because CISA advised them to grow Robusta without other plant 

species. Some however, grow plantain within the coffee fields, because these plants grow close 

to the height of the Robusta plants and the coffee plants cannot outcompete the plantain plants.  
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Socioeconomic aspects of Robusta 

The farmers said that they were motivated to plant Robusta because of its positive properties 

and because they got a higher profit than selling staple crops. Of the 36 farmers, 22 had been 

introduced to Robusta by CISA, while the remaining 14 got to know about it from other 

producers. Most of the farmers saw that Robusta was a resilient plant and that it created a forest-

like environment. This motivated them to contact CISA to know more about the Robusta plants 

and how they could invest in the production. CISA then told them about the start-up credits, the 

high profit and the free technical help. All the farmers were in contact with CISA to initiate the 

production, and CISA finally persuaded them to initiate the production. Seeing that Robusta 

produced well after three seasons and that the other producers earned well, they continued to 

plant on new areas.  

 

The farmers said that Robusta, cassava, and maize are the most profitable crops. CISA informed 

me that Robusta produce 600kgs dried beans per ha. Consequently, with a price of $215/100kgs, 

the farmers earn between $4515 (small farms) and $17415 (large farms) (CISA 2016; WB 

2017). In contrast to maize, that yields 800kgs/ha, the profit is much lower. In 2016, the average 

price of maize in Nicaragua was $53/100kgs. Consequently, the farmers earned between $460 

(small farms) and $972 (large farms). Cassava yields 1300kgs/ha, and with a price of 

$45/100kgs in 2016, the farmers earned between $585 (small farms) and $1260 (large farms) 

(USDA 2016). Maize is one of the most important staple grains in Nicaragua, while cassava is 

an important cash crop. Other crops, such as beans and plantain are mainly part of the household 

consumption or shared between neighbors. Despite the high profit of Robusta, the farmers 

therefore kept a diverse crop production to cover their dietary needs.  

 

The production of Robusta improves the income for the farmers in the area and decreases the 

pressure to migrate out of Nueva Guinea. The profit from producing Robusta is significantly 

better than the profit from producing food crops and livestock. This motivates farmers to 

increase the amounts of chemical inputs to increase the yields. Some of the farmers organize 

meetings with other Robusta producers in the nearby communities, and this way they share 

experiences and knowledge on the Robusta production. The production of Robusta also creates 

local employment opportunities for coffee harvesters who earlier used to travel to Costa Rica 

to work on coffee plantations. The farmers said that CISA guarantees that they will buy the 

coffee yields and this is what motivates the farmers to plant Robusta. The farmers, however, 

emphasized that producing Robusta was a costly investment.  
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The production of Robusta is costly and the farmers said that they are the sole bearers of these 

costs. On average, each farmer spends 50% of the income of the Robusta production on 

chemical inputs, labor, transport, and processing, and they said that these costs are a large part 

of their income. Of the 36 farmers, 31 employ between 10 and 150 people to harvest coffee, 

while 5 farmers use only family- members during the harvest. CISA buys processed coffee 

beans, and the farmers must pay for both transport and processing of the beans before they sell 

them to CISA. CISA however, offers loans to the farmers so they can cover the major expenses 

to produce Robusta, and then the farmers can repay with the income from the processed coffee. 

This study did not include the income of the farmers, but 2 farmers said that Robusta did not 

generate profit after 5 years of production because the expenses to produce Robusta where too 

high.  

 

The management of Robusta  

All the farmers I talked to use chemical fertilizers on Robusta, while some also employ 

alternative techniques. The farmers buy chemical fertilizers directly from CISA or on the local 

market in Nueva Guinea. They primarily fertilize Robusta, but some farmers added fertilizers 

to the other crops as well, except for plantain because they consume it within the household, 

and it has little economic value compared to other staple crops. The farmers said that they 

increase the quantity of fertilizer every season; because CISA told them that the productivity of 

Robusta correlates with the quantity of fertilizer added.  

 

The farmers employ alternative management techniques to reduce the costs of chemical 

fertilizers. Of the 36 farmers, 12 use cow manure as fertilizer in addition to chemical fertilizer. 

These farmers increased the quantity of manure as fertilizers on Robusta every season because 

it was cheaper than the chemical fertilizers. Of these 12, 9 have cows on the farm, while the 

remaining 3 buy manure from neighboring farms. Further, of the 36 farms, 9 fertilize Robusta 

with compost material. These are also the most diverse farms, where 7 have between 4 to 6 

crops and the remaining 2 farms have more than 7 crops.  

 

The farmers employ various techniques to reduce harmful pests and diseases. The coffee berry 

borer (Hypothenemus hampei) and coffee leaf rust (Hemileia vastatrix) are the most aggressive 

insect and fungal disease on Robusta in Nueva Guinea. The farmers use endosulfan and copper 
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to fight the leaf rust and berry borer respectively. However, as endosulfan is illegal, some 

farmers try out alternative techniques to control outbreaks. They harvest fruit and leaf residues 

after each season to prevent further attacks, and they have tried alcohol traps to prevent the 

berry borer from attacking ripe coffee fruits. Some farmers spray spores of the fungus 

Beauveria bassiana on Robusta to control outbreaks of the berry borer, but in the interviews, 

they did not say how the fungus control pest outbreaks. Finally, one farmer sprays fermented 

cinnamon on Robusta plants, and he said that it was efficient to reduce pest outbreaks.  
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DISCUSSION  
The farmers and their production systems are in focus in this study. To relate the major findings 

to my research question, I combine my major findings with relevant literature to discuss my 

arguments, and to evaluate the social and environmental sustainability of Robusta.  

I list the major findings in the Robusta-centered livelihood analysis as shown in table 3 from 

the method section (table 5). In this table I list the 5 capitals and how the rural livelihoods access 

these in Nueva Guinea. Then I list the actors that are involved in the production of Robusta in 

Nueva Guinea: Mercon, Nestlé and CISA, and in the last column of the table I list how Robusta 

affects the livelihood security and the environmental sustainability of the production systems 

of rural livelihoods in Nueva Guinea. 

 

Table 5: Schematic presentation of Robusta as a livelihood strategy in Nueva Guinea. The last 

box “With effects on” shows how Robusta affects livelihood security and the environmental 

sustainability of Nueva Guinea, both positive and negative.  

Livelihood platforms  Accessed by  In the context of  Livelihood strategies  With effects on  
Natural capital 
- Rich soils 
- Favorable climate 
- Average land area: 6,4 to 
80 hectares  
 
Social capital 
- Well-functioning 
relationships between 
farmers 
- Knowledge-sharing 
- Migrations  
- Autonomy  
 
Financial capital 
-  54% live in extreme 
poverty 
-  CISA offers credits 
- Robusta is an expensive 
crop 
 
Human capital 
-Farmers with knowledge 
on coffee  
- Nestlé offers training 
courses on Robusta 
- RAAS University 
 
Physical capital  
- CISA provide 
transportation and 
processing of the coffee 
- Well-functioning road 
between Nueva Guinea and 
Managua 
- Poorly developed roads 
between the communities 

 
 
 
 
 
 
 
 
 
 
Nestlé (Presto 
soluble coffee) 
 
Mercon group  
 
CISA agro in 
Nueva Guinea 
 

 
 
 
 
 
 
 
 
 
 
 
Trends  
Migration  
International market  
International prices 

 
 
 
 
 
 
 
 
 
Cultivation of coffee 
Robusta  
(Coffea canephora) 
 
Food crop production 
 
Milk and meat 
production  
 
Pig, chicken and sheep 
production 
 
Cacao production 
 

 
 
 
 
Livelihood security:  
Positive: 
-Improves income for rural livelihoods 
-Increases employments opportunities  
-Less migration to Costa Rica  
-Secure buyer (CISA) 
 
Negative:  
- Insecurity: one yield per year 
- Sellable yields after 3 years  
- Costly inputs (fertilizers, herbicides, 
pesticides) 
-One buyer of Robusta 
-Credits: loans and debts 
 
Environmental sustainability:  
Positive: 
- Diversifies some farm systems 
-Reforest paddocks 
-Resilient plant 
-Prevent soil erosion (perennial plant) 
 
Negative: 
-Chemical pollution from inputs 
-Grown in one-crop system 
-Requires open areas (no shade) 
-Motivate tree-cutting 
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Livelihood security and Robusta  

The farmers have increased their incomes with the production of Robusta, but the rapid 

expansion of that production also challenges the traditional farm activities. A livelihood is 

secure if they have sustainable access to income and resources to meet their basic needs (Ellis 

2000; FAO et al. 2017). Producing Robusta contributes with an additional income, but it is also 

a risky and costly investment to the farmers. The farmers in Nueva Guinea however, employ 

diverse farm activities and strategies to cope with the risks and to reduce their vulnerability.  

 

Diverse farm systems  
The farmers in Nueva Guinea are engaged in diverse farm activities, and the diversity of crops, 

animals, and trees they produce creates a resilient and rich farm system. Because the farmers 

are self-sufficient, the diversity of food sources is essential for their food security. According 

to the World Food Summit (1996), food security exists when people have economic and 

physical access to safe, sufficient, and secure food to meet their dietary needs  (FAO 1996; 

Sunderland 2011).  

 

After they planted Robusta, 31 out of 36 farmers kept a diverse farm system, with animals, 

staple crops, fruit, and nut trees. Maize, beans and plantain are staple crops in Nicaragua, along 

with chicken and pigs  (Magfor 2009). Cassava and taro are mainly sold on the national market, 

because these are the most valuable food crops to the interviewed farmers, and have recently 

become an important commercial crop in the region. Even if producing Robusta generated 

significantly more income than the other crops, it is inedible and does not secure the local 

farmers’ food supply. The diverse food sources are therefore essential to cover their basic needs, 

and with this security as a base they invest in Robusta.  

 

If the farmers combine Robusta plants with other plants species it could increase the resilience 

of farm systems in Nueva Guinea. The farmers said that extreme weather events have 

challenged their farm activities the past years. Staple crops and Robusta are sensitive to 

droughts, floods and high temperatures - and it has become more difficult to grow these crops 

in Nueva Guinea, as well in other tropical regions (IPCC 2014; Tscharntke et al. 2012). 

However, an integrated production system with annual and perennial crops, combined with 

trees can create a resilient farm system – in contrast to a low-diversity system that is vulnerable 

to harmful environmental changes (Lin et al. 2008). Therefore, an integrated system with 
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Robusta, annual crops and trees can buffer climatic changes, as higher temperatures, extreme 

droughts and rains (IPCC 2014). However, even if most farmers have a diverse and resilient 

farm system, one group is especially vulnerable. 

 

Small farms are vulnerable  
The production of Robusta challenges the farm activities of small farms, and if Robusta fails it 

makes them substantially more vulnerable than medium and large farms. Most of the small 

farms planted Robusta on land they previously used to grow food crops, and this reduce their 

food security. The small farms are also vulnerable if a crop fails, compared to the medium and 

large farms, because they have planted Robusta on over half of their land. However, all the 

farmers intercrop food crops with Robusta plants to reduce this vulnerability.   

 

To take advantage of the open areas on the newly planted fields of Robusta, the farmers 

intercropped food crops with Robusta the first years of production. This was an important 

strategy to use the full potential of the land and to provide sufficient food to the household. 

Combining Robusta plants with annual crops is a strategic way to utilize the total productive 

area. Annual crops as maize, beans and cassava benefit from large fertilizer applications, and 

the organic residues from the annual crops benefit the soil biota. Leguminous plant species, as 

clover, beans and peanuts can improve soil biota and fertility because their root systems are 

associated with mycorrhiza, a beneficial soil fungus (Altieri 1999). Further, Robusta affects the 

economy of the livelihoods in Nueva Guinea. 

 

Costs and profits of Robusta  
The production of Robusta improves the livelihood security of the farmers in Nueva Guinea, 

but because it is a costly investment it imposes a great risk for the farmers. Compared to staple 

crops, Robusta is significantly more profitable. Producing Robusta reduces migrations and 

generate local employment to the farmers who do not produce Robusta. However, most farmers 

must take up loans to cover the major expenses of Robusta. Even if they access credits through 

CISA, but the productivity of Robusta is too low to cover the expenses, they are still forced to 

pay back the loans to CISA by selling of parts of their land or use their savings (CISA 2016). 

Consequently, though Robusta is a profitable crop because it pays better than staple crops, the 

farmers said that the production imposes a great risk.  
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CISA motivates farmers with high profits and productive Robusta plants, but the high expenses 

challenges the farmers. CISA offers free technical assistance and monitors the farmers during 

the production cycle of Robusta. A representative from Mercon said that the productivity of 

Robusta correlates with the chemical fertilizer applications, and most farmers invest in large 

yields (CISA 2016). Consequently, the farmers are pressured by CISA to invest a lot of money 

to get a high profit. This place them in a vulnerable position if Robusta fails and they cannot 

pay back the loans. 

 

Some of the farmers organize regular meetings with other Robusta producers in nearby 

communities, and they share experiences and knowledge on the Robusta production. As some 

of the farmers are originally from northern Nicaragua, they are experienced coffee producers 

and this enables some farmers to access knowledge on how to produce coffee in alternative 

ways than to depend on the advices from CISA. The farmers also suggested that other 

companies should also invest in the production of Robusta to challenge the monopsony of CISA 

and reduce the farmers’ vulnerability.   

 

Who bears the risk? 
CISA is the only buyer of coffee in Nueva Guinea, and this makes the farmers vulnerable. CISA 

controls the production of Robusta and offers everything from seedlings, chemical inputs and 

transport of the coffee fruits. Therefore, the farmers depend on CISA from planting to sales, 

but the farmers are responsible if the production fails or if CISA stop to purchase Robusta. In 

2005, over half of the people in Nueva Guinea lived in extreme poverty and the Caribbean 

region is poorly governed. Though the farmers receive free technical assistance through the 

whole production cycle, they live in insecurity regarding the future because none other than 

CISA monitors the production. The farmers are therefore themselves responsible if the 

production fails.  

 

Robusta is funded by the private sector and this challenge the security of the farmers. Since 

Nicaragua liberalized the economy in the 1980s, private investments have supported economic 

growth and enabled agricultural expansions in the region (PNDH 2012; Spoor 1994). In Nueva 

Guinea, CISA offers credit schemes to the farmers, and this enables them to invest without 

start-up capital. However, it is unclear how the government assists the farmers if they fail to 

pay back the loans to CISA. A study from northern Nicaragua shows that the coffee producers 
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are bound to debts and low incomes because the government has failed to assist them when the 

price is low (Wilson 2009). Similarly, the farmers in Nueva Guinea are exposed to a highly 

fluctuating coffee market, and they depend only on CISA to finance Robusta.  

 

The farmers in Nueva Guinea are involved in the international coffee market through the 

production of Robusta, and this both empowers and challenges them. The farmers are bound to 

CISA through contract farming. Contract farming is an agreement between an enterprise and a 

producer to facilitate the sale of agricultural products, such as coffee, on the international 

market (Eaton & Shepherd 2001). In Nueva Guinea, this implies that the farmers are committed 

to sell their yields to CISA at a price determined by the London Stock Exchange. Though the 

farmers are secured sales every season, contract farming is challenging because they are bound 

to a highly variable international coffee market (ICO 2017). In November 2016, CISA paid 

$2,3 per kg of dried Robusta beans. The price of Robusta is much lower than Arabica, at $4 per 

kg of dried beans, and even if the price of Robusta fluctuates through the year and they could 

sell the coffee beans when the price is high, the interviewed farmers in Nueva Guinea are forced 

to sell the harvest because they lack storage facilities on the farms.  

 

The environmental sustainability of Robusta 

Robusta plants are a major part of the landscape in Nueva Guinea, and therefore it affects the 

environmental sustainability and biodiversity in the region. Environmental sustainability exists 

when natural resources are used in a way that preserves the natural diversity of ecosystems and 

ensures future generations with enough resources to meet their basic needs (Brundtland 1987; 

Goodland 1995; Morelli 2011). The next sections explore how the production of Robusta 

enhances and challenges the environmental sustainability of the landscape in Nueva Guinea.  

 

A landscape perspective on Robusta   
CISA recommends farmers to grow Robusta on plots without other crops, but near half of the 

farmers I interviewed oppose this advice and produce Robusta with other plant species. Nearly 

half of the farmers I interviewed produce Robusta in an agroforestry system, which is a farm 

system that combines diverse crops, livestock and woody perennials (De Beenhouwer et al. 

2013; Somarriba 1992). In Nueva Guinea, farmers combine Robusta plants with annual crops, 

fruit, and timber trees. Figure 3b shows a farming system in Nueva Guinea, where Robusta was 

combined with citrus trees. In contrast, Figure 3a shows how Robusta typically grows– with no 
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shade cover or other crops. That near half of the farmers in my study grow Robusta in an 

agroforestry system despite the recommendations from CISA, shows that biodiversity is 

important for them. A biodiverse production system has positive effects on species richness 

(Tscharntke et al. 2012).  

 

From an ecological perspective, coffee agroforestry systems provide a shelter for numerous 

organisms, which in return benefit the agroforestry system. The diverse coffee systems in 

Nueva Guinea creates a shelter for birds, arthropods and mammals that contributes with 

functional diversity. Perfecto et al. (2014) showed that coffee agroforestry systems in Central 

America attracts soil organisms that benefit nutrient cycling, and are important food sources for 

migrating birds that feed on the berry borer (Perfecto et al. 2014). The density of pollinators 

increase with plant diversity, and a study from Indonesia showed that honey-bees increase 

yields of Robusta (Klein et al. 2003). These studies suggest that a diversified system with 

Robusta can benefit diverse organisms.  

 

 
Figure 3a (left) and 3b: The pictures display 2 distinct production systems of Robusta in Nueva 

Guinea, where 3a shows an open landscape with only Robusta plants and few trees, while 3b 

shows an example of a diversified production system, with Robusta plants combined with citrus 

trees and a diversity of annual crops.    

 

Changes in soil quality and structure 
CISA said that the production of Robusta has revegetated the landscape and that the Robusta 

plants regenerate degraded fields in Nueva Guinea. Most of the farmers planted Robusta on 

paddocks previously used for livestock. They said that the organic matter of the Robusta plants 

makes the soil more porous, humid and fertile than annual crops and open paddocks. In contrast 

to what CISA said, the farmers believe that the extensive use of chemical fertilizers improves 
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the soil quality and not the Robusta plants themselves. All the farmers removed the organic 

material, as fruits and leaves from the Robusta plants to avoid pest and disease outbreaks in the 

following season. The farmers therefore left little organic matter from the Robusta plants that 

would benefit the soil fauna. The extensive use of chemical fertilizers, however, negatively 

affects the nearby environment.    

 

The exposure to chemical fertilizers   
The productivity of Robusta is driven by heavy chemical inputs and this challenge the long-

term sustainability of Robusta. CISA technicians recommends the farmers to apply large 

quantities of chemical fertilizers to achieve high yields (CISA 2016). The intense use of 

chemicals on the Robusta plants however, reduces soil structure and quality in the long-term 

and toxify the nearby water sources with chemicals (FAO 2002; Savci 2012).  

 

The farmers in Nueva Guinea re-use fertilizer bags to store dried maize and rarely use protection 

when they apply the chemical fertilizers on the Robusta plants. If humans are exposed to high 

concentrations of chemical fertilizers it has direct negative health effects (Adelana 2005). 

Nitrate, a nitrogen compound, is widely used in chemical fertilizers because plants easily take 

it up. However, because of its reactive form it is commonly transported in ground water systems 

and it can have severe negative health effects (Hord & Conley 2017). Large concentrations of 

nitrate can cause birth defects, cancer and hypertensions to humans, and it can be harmful to 

livestock (Adelana 2005). The farmers in Nueva Guinea however, also employs alternative 

practices.  

 

Alternative fertilizers reduce chemical pollution   
Some farmers in Nueva Guinea apply organic fertilizers and this improves soil fertility and 

structure. Compost and livestock manure are excellent nutrient sources for soil biota, and this 

has positive long-term effects on the sustainability of Robusta. Microbial, fungal and 

earthworm activity increases with organic applications (Abbott & Murphy 2007; Altieri 1999). 

Because Robusta is a perennial plant, the stable environment creates a habitat for numerous soil 

organisms (DaMatta 2004). Some farmers apply organic fertilizers and this improves the soil 

quality in the long term because they reduce the amount of chemical fertilizers on Robusta and 

the other crops. Pest and disease management, however, challenges the sustainability of 

Robusta. 
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The impacts of chemical pest management  
The farmers combine two toxic chemicals to control outbreaks of insects and fungi on the 

Robusta plants. Most of the farmers use endosulfan to prevent insect outbreaks, and copper to 

prevent fungal attacks. The farmers said that these applications are effective against the berry 

borer and leaf rust that attacks Robusta. However, the United Nations (UN) Stockholm 

convention banned endosulfan in 2011, and it is illegal in Nicaragua (UNEP 2011). Although 

the farmers are aware of this ban, some farmers said they still access it through Honduras or 

other suppliers in Nicaragua. In contrast, copper is legal, and the farmers used it as fungicide 

and to control ant outbreaks on Robusta. This was efficient as it “kills everything on and around 

the Robusta plant” (José 2016). However, endosulfan and copper have severe negative 

consequences on human health.  

 

The farmers apply endosulfan and copper on Robusta, and this has negative effects on human 

health and the surrounding environment. Endosulfan harms the nervous system and is 

immediately toxic if inhaled by humans (EPA 2002). The farmers in Nueva Guinea are exposed 

directly to the chemical when they apply endosulfan on the Robusta plants, and when they 

consume the food crops sprayed with endosulfan. Further, they are indirectly exposed because 

endosulfan enters the water system and is taken up in the drinking water (ATSDR 2015). 

Studies show that copper can have harmful effects on humans because it irritates the intestine 

system, causing diarrhea (ECHA 2014). It also have environmental effects, where it reduces 

the amounts of earthworms in the soils, negatively affecting soil biota and fertility (Van-

Zweiten et al. 2004). Consequently, the accumulated and combined effects, also called the 

cocktail effect, of both endosulfan and copper have negative outcomes on human health and 

the environment.  

 

Alternative pest managements 
Some of the farmers employ integrated pest management (IPM) on Robusta. This implies that 

the farmers manage their crops in ways that promotes plant health, and reduce the use of 

pesticides that are harmful for human health and the environment (FAO 2002). The farmers use 

alcohol traps and spores of a beneficial fungus to fight the damaging berry borer. Red-colored 

alcohol traps are efficient because the red color, similar to that of the coffee berries, attracts 

female insects, and then they are trapped in a mixture of alcohol and syrup (Dufour & Frérot 
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2008). Further, the farmers apply dried spores of the fungus Beauveria bassiana to reduce the 

presence of the berry borer. This is because the fungus attacks the insects, producing a poison 

that eventually kills it (Posada- Flórez 2008). These examples indicate that with diverse 

management techniques, the farmers can control outbreaks and manage the Robusta plants in 

ecologically sustainable ways, and they do not only depend on chemicals and follow the advices 

from CISA.  

 

Reflections on the theoretical framework 

I use the SLA framework as a base to analyze how a commercial crop like Robusta changes the 

farm activities of rural farmers in Nueva Guinea (Scoones 2009). However, because I focus on 

changes at a farm-level, I have not focused on how global processes such as global trade and 

climate change, indirectly and directly affects rural farmers in Nueva Guinea. Global markets 

and trends play an important role in the coffee production and trade, as Nestlé controls most of 

the production and London Stock Exchange determines the price of Robusta.  

Therefore, to complement this research, there is a need to develop a broader understanding of 

how multinational companies affect rural livelihoods, for example in Nueva Guinea, and to 

analyze how price fluctuations on the global market have long-term effects on rural farmers 

(Bacon 2008; Scoones 2009). A long-term study of the climatic changes in the Caribbean region 

and how this affects the production systems of the rural farmers provides a complementary 

view of how the production of Robusta challenges or enhances the resilience of farm systems 

in Nueva Guinea.  
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POSSIBLE FUTURES OF ROBUSTA  

Comparative studies of Robusta  

Experiences from Brazil and Vietnam  
Brazil and Vietnam have produced Robusta for decades, and small-scale farmers account for 

most of the production (Müller & Zeller 2002; Sales et al. 2013). Brazil is the world’s largest 

producer of Robusta, followed by Vietnam (Bunn et al. 2014). In Brazil, Robusta is produced 

on 4600km2 in the state of Espirito Santo on the south Atlantic coast. Nearly 80% of the coffee 

production is done by small-scale farmers, and they produce Robusta in open systems with no 

plant and tree cover (Sales et al. 2013). In Vietnam, Robusta has been produced extensively 

since the 1990s, when the government established large Robusta plantations in the central 

highlands (Marsh 2007; Winkels 2008). This attracted thousands of farmers to invest in the 

production, and in 2000 the central highlands were covered with 5300km2 of Robusta 

plantations (Winkels 2008). In contrast, Mercon targets 79km2 of Robusta plantations in 

Nicaragua the coming years, a small fraction of what Brazil and Vietnam produces.  

 

The intense production of Robusta in Brazil and Vietnam has drastically changed the 

landscapes, as in Nueva Guinea. In Brazil, the production of Robusta has reduced the vegetative 

cover of the Atlantic forest biome, a biodiversity hotspot in Brazil, and this threatens natural 

biodiversity (Sales et al. 2013). To improve this, the Brazilian government made a project in 

2002 to encourage coffee farmers to invest in agroforestry systems. To increase biodiversity in 

the region, the agroforestry systems created forest-like farm systems and ecological corridors 

that benefit numerous organisms. Some farmers joined this development and they benefit from 

a diverse production system; with various food crops and trees, rather than growing Robusta in 

a single-crop system (Sales et al. 2013).  

 

In Vietnam, the production of Robusta has replaced the land that was previously used to grow 

food crops and this threatens their food security (Müller & Zeller 2002; Sales et al. 2013). In 

Vietnam, fluctuating prices and the high costs of the Robusta production leads farmers into a 

vicious circle of high debts they struggle to pay back (Tan 2000; Winkels 2008). This pressure 

farmers to invest in alternative crops, as rubber, pepper and other food crops to cover their 

dietary needs and the high costs related to the production of Robusta. The farmers in Nueva 

Guinea are motivated by the high profit of selling Robusta, and this is what encourages them to 

increase their production. However, if they continue to plant Robusta on land they grow food 
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crops it would reduce their food availability and pressure them to invest in alternative crops to 

sustain their incomes.  

 

As in Brazil and Vietnam, farmers in Nueva Guinea are rapidly expanding the production of 

Robusta. Mercon said that Robusta “reforests the landscape”, but as seen in Brazil the intense 

production of Robusta rather deforests the landscape. Nueva Guinea borders to Punta Gorda, a 

natural reserve that covers large parts of the south Caribbean region (figure 4) (Moreno 2004). 

This reserve is protected by the Nicaraguan government, but the landscape that surrounds Punta 

Gorda is fragmented and dominated by agricultural fields. This creates an ecological barrier to 

organisms that depend on diverse ecosystems (Perfecto et al. 2014; Perfecto & Vandermeer 

2015). Therefore, if farmers continue to plant Robusta as CISA recommends, it would 

transform the south Caribbean into a unilateral landscape of Robusta, and consequently it could 

reduce the habitat for numerous species (Perfecto et al. 2014).  

 

 
Figure 4: Satellite image of the south Caribbean region, showing Nueva Guinea and the 

boundaries to Punta Gorda Natural Reserve (Google 2017).  

 

Future trajectories of production of Robusta in Nueva Guinea  

The farmers in Nueva Guinea who have invested in the production of Robusta have gone from 

being subsistence farmers to rely on the income from a commercial crop; but is this a sustainable 
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option for the rural farmers? All the interviewed farmers wished to expand the production of 

Robusta if the profit remains high, while Mercon plan to expand the production of Robusta in 

the Caribbean region to 7900 ha in the coming years (CISA 2016). After I conducted my 

fieldwork, in November 2016 the Nicaraguan government approved a law that allows the 

production of Robusta in all the regions of Nicaragua at altitudes lower than 400 meters above 

sea level, and those situated more than 30 kilometers from Arabica plantations (Alvarez 2016). 

This means that Robusta could be produced on large areas, except from the main coffee regions 

in the north. This enables Mercon to invest in Robusta throughout Nicaragua, and more farmers 

can participate in what a farmer in Nueva Guinea called “… a positive development because 

Robusta gives economic opportunities for the rural poor in the Caribbean region”  (José 2016). 

Another farmer said that “Robusta is a crop for the poor because it produces well on poor soils 

and improve the income of the poorest in Nueva Guinea” (Pedro 2016).  

 

Experiences from northern Nicaragua  
Studies on how rural farmers experience the production of coffee Arabica in northern Nicaragua 

suggest possible future trajectories for expanding the Robusta production in Nueva Guinea. As 

with the farmers in Nueva Guinea, the high profit from producing coffee motivates northern 

farmers to invest in Arabica (Bacon 2008). In November 2016, the price of Arabica was nearly 

double that of Robusta, $4/kg and $2,3/kg respectively (WB 2017). Bacon et al., (2014) showed 

that northern farmers have to reduce their food intake in critical faces because the income from 

Arabica is too low (Bacon et al. 2014). Farmers in Nueva Guinea earned nearly half of what 

the northern farmers earned in November 2016, and as the northern farmers already struggle 

when prices are low, the future of the farmers in Nueva Guinea looks rather gloomy. Alternative 

trade networks could however, improve the income of the rural farmers in Nueva Guinea.  

 

Alternative trade networks  
Alternative networks emerge as alternatives to global free trade, and enable farmers in 

Nicaragua to receive price premiums if their products are organic, bird friendly or if they have 

working conditions that qualify to the organizations’ standards (Jaffe & Bacon 2008; LeClair 

2002). Alternative trade networks empower and engage farmers because they know who they 

are producing for, and the consumers know who they are buying from (Utting-chamorro 2005). 

Bacon (2008) showed that in the north of Nicaragua, certifications as Fair Trade and organic 

pays up to 65% more than what conventional agro-export companies pays. The high prices of 
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certified coffee therefore motivates farmers to diversify their farm activities and to produce 

according to the certification standards (Bacon 2008).  

 

Alternative trade networks in Nueva Guinea could increase the value of the Robusta production 

in contrast to solely depending on CISA and Nestlé, for production and sale of Robusta. Some 

of the farmers I interviewed said that alternative trade networks would challenge the 

monopsony of CISA, create market competition and this would most likely increase the price 

of Robusta. Nestlé controls 56% of the global instant coffee industry, but instant coffee is rarely 

certified as organic or fair trade (Bacon et al. 2008b). Organic certifications could motivate 

farmers to produce without chemical inputs, while Fair Trade certifications could encourage 

farmers to work after their standards.  

 

Cooperatives and farmers’ organizations are important to small-scale coffee farmers in 

Nicaragua, and they have been important to rural farmers since the Sandinistas seized power in 

1979 (Wilson 2013). Studies show that well-organized coffee cooperatives provide services 

such as credits, access to markets, technical assistance and they assist farmers in emergencies 

(Bacon et al. 2014; Beuchelt & Zeller 2012; Landmann & Cadilhon 2016). It is expensive and 

time-consuming to be certified Fair Trade, organic or bird friendly – but if farmers are organized 

in cooperatives and apply for group certifications, it reduces the costs significantly (Daviron et 

al. 2005). Therefore, if the coffee farmers in Nueva Guinea are organized in cooperatives and 

not only depend on CISA, they could access alternative markets and receive price premiums if 

they produce Robusta according to the certification’s standards.  

 

 
 

 

 

 

 

 

 

 

 



 34 

CONCLUSION 
The Caribbean region has been poorly developed since the Somoza dictatorship, but political 

reforms, population growth and agricultural expansions have empowered rural farmers in the 

region. Mercon’s investment in the production of Robusta in Nueva Guinea enables rural 

farmers to invest in a high-value crop and to diversify their farm activities. The farmers I 

interviewed emphasized that the high income of Robusta motivates them to expand the 

production, but as seen in this study the production of Robusta is also costly and the farmers 

apply large quantities of harmful chemicals; challenging the social and environmental 

sustainability of the production of Robusta in Nueva Guinea.  

 

The farmers I interviewed said that alternative trade networks would increase market 

competition, and if there were other buyers of Robusta, it would be better than to depend solely 

on CISA and Mercon. Alternative trade networks are however, not the single best solution – 

neither is certifications or to diversify the farm activities (Bacon et al. 2008b). To empower and 

engage rural farmers in Nueva Guinea, the farmers must influence the production and sale of 

Robusta. Most of the farmers I interviewed employ alternative management techniques in 

contrast to how CISA recommends them to manage the production of Robusta. If the farmers 

in Nueva Guinea could benefit from this alternative management strategy, it would increase the 

value of the production of Robusta.  

 

The unity between some of the farmers in Nueva Guinea is strong and knowledge sharing is 

important to most of the interviewed farmers. This lay the basis for a togetherness that will be 

significant as the production of Robusta continues to expand in the region. Some of the farmers 

in Nueva Guinea have also diversified beyond the agricultural production, within tourism and 

food processing, and this could be an option for other farmers not solely depend on the income 

from Robusta.  

 

Coffee is one of the world’s most important commercial crops and the so-called free trade 

market has done little to improve the living conditions of rural farmers in the tropics. Central 

topics within agroecology and socioecological resilience are to conserve traditional knowledge 

and to empower the rural poor. The production of Robusta in Nicaragua is rapidly expanding 

and there is a need to expand the research on how rural farmers cope with that production; to 

improve the farmers’ abilities to cope with future internal and external changes. 
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APPENDICES  
Appendix 1: Elaboration of the sustainable livelihood approach (SLA) 

The sustainable livelihood approach (SLA) was developed to understand how rural livelihoods 

depend on diverse strategies to survive. It was developed in the 1980s by development 

researcher Robert Chambers and agricultural ecologist Gordon Conway (Nunan 2015). The 

SLA framework was a response to the 1987 Brundtland report on sustainable development. The 

report was called “Our Common Future” and it presented a framework on how to stimulate 

social and economic progress on the world’s resources, without reducing the resources for 

future generations (Brundtland 1987). Therefore, SLA was developed to get a more holistic 

perspective on sustainable development. 

 

Because “Our Common Future” made economic growth a strategy and a goal for sustainable 

development, Conway and Chambers argued that it was insufficient to cover rural and agrarian 

livelihoods (Chambers & Conway 1991). According to Ian Scoones (2009), a livelihood can 

range from an individual, a household, a family or a village (Scoones 2009). 

To capture the complexity and diversity of these livelihoods, they made a framework to analyze 

the resources people depend on for a living. Conway and Chambers named resource uses 

“capitals”. They divided the capitals into five categories: social, natural, financial, human and 

physical (Chambers & Conway 1991; Scoones 2009). These capitals are both means of making 

a living, but can also create capabilities for wellbeing (Bebbington 1999). 
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Appendix 2: Ethical declaration from the interviews  
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Appendix 3: Sample interviews 

3a: Example of a questionnaire from the interviews in Nueva Guinea (I have changed the 

original name of the interviewee and the farm name).  

 
 

3b: Examples of the semi-structured interview, from the same interviewee as above.  
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Appendix 4: Interviewee details  

Extract of the data analysis of the major findings: Each farm is categorized (small, medium, 

and large) based on the total productive area (in hectares), how Robusta (R) affects soil quality, 

what the plots where used for before they planted Robusta, and how many they employ in 

harvest.  

Farm Total (ha) Robusta (ha) Category Cows R impact soil quality Before R 
Employment 

harvest 
1 7 6,7 S NO shade & organic matter nothing 12 
2 14 9,1 M YES better, organic matter paddocks 24 
3 14 9,1 M YES no change bought land 5 
4 35,2 5 L YES drought in 2015 challenged R paddocks 8 
5 28,1 8,4 M NO better, organic matter nothing 20 
6 59,1 8,4 L YES better, maize produce more with R food crops 45 
7 21,1 2,8 M YES no change, porous food crops family 
8 35,2 7,5 L YES improved because of more chemicals paddocks family 
9 42,2 9,1 L YES no changes, lots of weeds food crops 35 

10 3,5 3,5 S NO better, more organic and fertile food crops 15 
11 7 2,4 S NO porous, fertile, more organic matter food crops 12 
12 28,1 16 M NO porous, better results on R food crops 30 
13 211 42,2 L YES no erosion, more humidity, better pH paddocks 120 
14 17,6 5,2 M NO no change food crops 12 
15 35,2 2,8 L YES more chemicals and organic matter food crops 10 

16 7 3,8 S YES 
more organic matter, protected from 

sun with R food crops 15 
17 188,7 42,2 L YES recovers better, more shade with R paddocks 100 
18 88 5,6 L YES more porous, better pH paddocks 4 

19 26 4,2 M YES 
more organic matter and produce 

better food crops 20 
20 17,6 3,5 M YES better structure and more fertile paddocks 16 
21 8,8 3,5 S NO better structure and more fertile food crops family 

22 49,3 21,1 L YES 
more organic matter, produce better 

with R food crops 150 
23 17,6 7 S YES no changes (arabica before) arabica 16 

24 140,8 21,1 L YES 
completely changed, more porous and 

humid paddocks 50 
25 23,2 2,1 M NO porous, better results on R paddocks/food crops 20 
26 3,5 2,1 S YES permanent R is better for soil paddocks/food crops 10 
27 14 2,8 M YES more humid because of treatments food crops 13 

28 70 7 L YES 
more organic matter and produce 

better food crops 20 
29 84,5 8,4 L YES more humid because of treatments paddocks/food crops 2 
30 35,2 3,5 L YES no change paddocks 4 
31 17,6 7 M NO more humid and recovered paddocks family 
32 13,3 2,8 M YES less erosion and more organic matter paddocks 30 
33 10,5 4,2 M NO more humid and softer food crops 15 
34 7 5,6 S NO porous, fertile, more organic matter food crops no 
35 46,4 5,6 L NO more humid and recovered paddocks no 
36 7 3,5 S NO porous, fertile, more organic matter food crops 10 
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