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Preface

Our world relies heavily on value chains, but we are still learning how to make them 
sustainable. Increasingly competitive markets require farms to differentiate their 
products while strengthening their brand reputation. Sustainability standards have 
the potential to appeal to a growing number of customers who are concerned about 
the environment as well as social and ethical issues. This book advocates a value-chain 
approach to improving certification governance and standards. Monitoring the impact 
of climate change and mitigating it by providing irrigation to increase the quantity 
of value-added products are both critical. Meanwhile, blockchain technology has the 
potential to transform business models and supply chain networks in the agri-food 
industry. This book discusses scientific, technical, and societal challenges focused 
on the coffee value chain. Changes in public policies are required to conform with 
territorial development programs based on sustainable development objectives.

Habtamu Alem
Research Scientist in the Department of Economics and Society,

Norwegian Institute of Bioeconomy Research (NIBIO),
Ås, Norway

Pradyot Ranjan Jena
National Institute of Technology Karnataka (NITK),

Surathkal, India
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Chapter 1

Scientific, Technical, and Social 
Challenges of Coffee Rural 
Production in Ecuador
Echeverría María Cristina, Ortega-Andrade Sania, 
Obando Sebastián and Marco Nuti

Abstract

The production of coffee in Ecuador a family activity carried out in rural areas. 
Due to the economic importance of this crop and its ability to adapt to different eco-
systems, it has been widely introduced in government conservation and economic 
reactivation programs. At the present, it is cultivated in the four Ecuadorian natural 
regions that comprise the Amazon rainforest, the Andean mountains, the Pacific 
coast, and the Galapagos Islands. The different climate and altitude characteristics 
of these regions allow Ecuador to grow all commercial varieties of coffee. The 
variety planted, the region of origin, and the type of post-harvest processing gives 
each cup of coffee a unique flavor and aroma. To recovery the knowledge behind 
each production process, a complete review of the whole coffee productive chain 
was made. The information reviewed was compared with the available information 
of other neighboring countries and complemented with experiences described by 
small farmers. The analysis confirms that Ecuador has a competitive advantage due 
to its ecosystem diversity. However, the development of this industry depends on the 
correct implementation of policies that cover three main aspects: (1) farmers’ quality 
of life, (2) training and research programs, and (3) fair trade for small producers.

Keywords: coffee agroecosystems, coffee processing, coffee by-products, rural coffee 
production, organic coffee

1. Introduction

Coffee is one of the most popular and consumed beverages in the world. High 
coffee consumption can have a substantial effect on health [1]. It is among the most 
traded agricultural commodities. In 2020, it is estimated that 10,520,820 tons of 
coffee were produced [2] and almost the same amount was consumed [3]. In Latin 
America, its production is an integral component of the livelihoods of millions 
coffee farmers, associates, and workers including their families [4].

Coffee has been cultivated in Ecuador since the eighteenth century. It is one 
of the ten most important crops, being grown entirely in rural areas. In total, the 
coffee area exceeds 30 thousand hectares planted [5]. Due to the geographical 
characteristics of Ecuador, it is one of the few countries in the world that cultivate 
the two commercial varieties: Coffea arabica or arabica coffee and Coffea canephora 
or robusta coffee. In 2020, Ecuador exported 14,828.15 bags of 60 kilos [6].
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One of the advantages of coffee cultivation is its adaptability to different eco-
systems, in which it produces important environmental benefits. In Ecuador, coffee 
trees are managed as agroforestry systems. According to each region and its climatic 
conditions, coffee is grown together with forest species, mainly fruit trees, which 
provide temporary shade to the crop, and timber species that provide permanent 
shade [7]. This landscape arrangement contributes to the maintenance of appropri-
ate habitat for various species of flora and fauna, the capture of carbon in the soil, 
and the water balance of ecosystems [8].

Despite the environmental advantages offered by this crop, the productive sector 
is affected not only by the consequences of the pandemic and the deterioration of 
the global economy but also by the change in climatic conditions that promote the 
migration and spread of pathogenic organisms such as the coffee leaf rust [9] and 
the coffee cherry borer which is very difficult to eradicate [10]. They are not the 
only plagues that affect coffee cultivation, but they are the ones that have caused the 
greatest economic losses in coffee production around the world [11].

The combination of strategies such as the use of chemical fungicides, quaran-
tines, cultural practices, biocontrol agents, and the selection of resistant varieties 
have helped to reduce pests and diseases. However, climate change is threatening 
the survival of Coffea arabica cultivation worldwide [12]. This pushed the produc-
ers to review the agronomic practices and search for new strategies. Among the 
different proposed options, forest conservation seems to be the most promising to 
guarantee coffee production in the future. The forests are a source of water, help to 
mitigate the global temperature rise, and are a source of microorganisms that could 
be used to regenerate eroded soils and counteract pathogenic organisms [13, 14].

Within this context, it is evident that Ecuador has optimal geographic and envi-
ronmental conditions to produce quality coffee and overcome the new challenges 
of climate change. However, its production is lower compared with neighboring 
productive countries like Peru, Colombia, and Brazil. This fact is associated with 
other problems that are limiting the development of this productive sector. In this 
review, social, technical, and scientific aspects are analyzed in the whole production 
chain to understand the opportunities, needs of coffee growers, and the limitations 
in the production process. The importance of this research lies in unifying the infor-
mation of the different regions and coffee productive associations that are scattered 
throughout the national territory and rescue the needs of small farmers often not 
considered.

The next sections will describe the production of coffee in rural areas, its 
challenges and opportunities, the development policies, the social and economic 
importance, and a description of the production process from planting to waste 
management. The tables and graphs collect important information about coffee 
growers-associations, crops distribution, cultivated varieties, and their characteris-
tics. The photographs included in this chapter show images of a typical coffee farm 
in the Ecuadorian Andes.

2. Rural production of coffee in Ecuador: challenges and opportunities

In Ecuador, coffee farming is an activity that has been passed down from genera-
tion to generation. It is carried out entirely in rural areas, which are characterized 
by having very productive soils but a high rate of poverty, low percentage of basic 
education, absence of basic services, and bad connecting roads.

The first records of coffee export in Ecuador date back to 1980 in the province of 
Portoviejo Manabí [15]. Subsequently, thanks to the opening of world trade and the 
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adaptability of this plant in the different Ecuadorian ecosystems, coffee is currently 
grown in 23 of the 24 provinces, becoming one of the 10 most important crops from 
an economic point of view [16]. Despite its importance, coffee production has been 
marked by ups and downs [17] and has substantially failed in improving the living 
conditions of rural farmers [18].

The crisis in the coffee sector covers many social and technological aspects 
and shows the little success of development policies. For example, the current 
Ecuadorian policy, in its 2015–2025 proposal, promote Sustainable Development 
Goals (SDGs). Literally, it suggests sustainable rural territorial development 
through the empowerment of the seven territorial planning areas that cover the 
entire country [19]. Even though, this policy has not been able to stop internal 
migration. According to projections by the National Institute of Statistics and 
Censuses (INEC), until 2010, only 35% of the population lived in rural areas with 
an annual decrease of 1.3% [20]. These data explain the aging of farmers because of 
young migration in search of better opportunities.

In the same way, the legal framework and the Constitution of Ecuador (2008) 
consider small farmers as priority groups for development. According to data from 
the FAO, more than 64% of the Ecuadorian agricultural production is in the hands 
of small producers categorized as Rural Farming Families (RFFs), on whom internal 
consumption depends. The RFFs represents 84.5% of the Agricultural Production 
Units (APU) [20]. These data highlight the importance of the rural sector in food 
production and the urgent need to change strategies to boost sustainable agriculture 
development. Unfortunately, not all NGOs development programs meet the needs 
of the population because they often replicate models used elsewhere resulting in a 
lack of cooperation between farmers.

In another context, Ecuador is considered a megadiverse country [21] and must 
find a balance between development and biodiversity conservation. With this goal, 
the Ministry of the Environment in 2011 proposed to increase protected areas by 
reducing the rate of deforestation, remedying environmental liabilities, reducing 
the use of pesticides, and addressing climate change through sustainable policies. 
To achieve part of this objective, the “Socio-Forest Program” and the “National 
Forestation and Reforestation Program” were created [22, 23]. However, there were 
many contradictions in the application of these measures. As an example, in the 
Amazon province of Orellana, palm crops (Elaeis guineensis) are still in constant 
and extensive growth, because of government subsidies. Currently, there are large 
private monocultures that displace other species, favoring the frontier expansion of 
agriculture and the loss of biodiversity [24, 25]. In the agricultural area, the govern-
ment subsidizes and encourages the acquisition of seeds and the use of pesticides 
without appropriate control and monitoring.

For cocoa (Theobroma cacao) and coffee, the situation was more favorable, 
although some of the inconsistencies remain. These two crops form agroecosystems 
that, due to their structure and function, help to maintain a diversity of birds, bats, 
non-flying mammals, and invertebrates which in turn help to contain pathogens 
spread [26, 27]. In addition, these crops were part of the government’s economic 
reactivation program from 2012- to 2021 and were consolidated through the forma-
tion of the Coffee and Cocoa Coordination Unit to promote productivity and forest 
conservation [28]. The coffee-cocoa program achieved the goal of promoting its 
cultivation, increasing its production in rural areas. However, much remains to be 
done in terms of quality. Rural farmers put all their resources into this crop moti-
vated by government incentives, nonetheless, many of them express a feeling of 
abandonment and expect greater support that allows them to recover the investment 
and get out of poverty.
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In conclusion, the policies of economic reactivation and conservation of rural 
areas must be reconsidered and oriented to grant a good quality of life for farmers. 
It is the only way to ensure sustainable development.

3. Social and economic importance of coffee cultivation

Coffee cultivation covers about 14% of the agricultural area of the country [29]. 
It is known as the unit crop due to its extension throughout the territory and the 
inclusion of all indigenous communities such as Quichua in the Andean region, 
Tsáchila in the Coastal region, and Shuar in the Amazon region.

Coffee production has a growing world demand and generates rural and urban 
employment because field activities include those necessary for the commercializa-
tion, transport, and industrialization processes. Also, it generates foreign income 
due to exportation. Export earnings are estimated to be between 60 and 80 billion 
dollars per year [30]. This income indicates the economic importance of the coffee 
sector in Ecuador. However, farmers are not the main beneficiaries of the coffee 
industry. Most of the income remains with the intermediaries who sell coffee on the 
international market [30]. An indicator of this reality is the high poverty rates in 
rural areas, which exceed 42% [20].

To survive, small farmers had to diversify their cropland. A small part is used to 
grow short-cycle food for sale and self-consumption. They also raise animals to 
obtain more economic income [29]. The difficult economic situation explains the 
migration of the younger population to the cities in search of better economic 
opportunities. This migration has caused the aging of farmers. It is estimated that 
the average age of coffee farmers is 50 years [20, 29, 31]. This means that over time 
their work capacity will decrease and there will be no new generations that continue 
with the activity.

To rescue coffee cultivation, small producers created the “benefits” that are 
legal associations that ensure fair trade. Unfortunately, 95% of coffee producers do 
not belong to any association [29]. One explanation for this fact is that most of the 
farms are in places of difficult access and do not have good communication chan-
nels. Phone signals do not work, and they live in isolation. Improving access to roads 
and basic services should be the government’s priority to improve productivity. 
Table 1 shows the main coffee growers’ associations in Ecuador.

Coffee growers Associations Province of action

Asociación Nacional Ecuatoriana de café (ANECAFÉ) All provinces

Federación Regional de Asociaciones de Pequeños Cafetaleros 
Ecológicos del Sur (FAPECAFE)

Loja, El Oro y Samora Chinchipe

Asociación Agroartesanal de Caficultores “Río Íntag” (AACRI) Imbabura y Pichincha

Asociacion De Productores Y Comercializadores De Cafe Organico 
Bosque Nublado Golondrinas.

Carchi

Empresa de Comercialización Asociativa de Manabí (COREMANABA)
Corporación Ecuatoriana de Cafetaleros (CORECAF)
Federación de Asociaciones Artesanales de Producción Cafetalera 
Ecológica de Manabí (FECAFEM).

Portoviejo, Guayas

Asociación Aroma amazónico Sucumbios y Orellana

Asociación Aroma amazónico Sucumbios y Orellana

Table 1. 
Ecuadorian coffee growers association by Provinces.
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Another important issue is the fact that farmers produce coffee, but they don’t 
have the culture of coffee, understanding that they are not coffee drinkers. This is a 
fundamental difference from other neighboring countries such as Colombia where 
a true culture of coffee has been achieved and promoted through tourist activities 
that generates additional income for coffee growers. This data was observed after 
visiting several rural farms in the Andean region.

Creating a culture of coffee around this drink could influence the quality of the 
final product. The National Ecuadorian Coffee Association (ANECAFE) organizes 
different tasting events for this purpose.

4.  Coffee production under agroforestry systems: farming practices, 
pest, and disease management

The quality of coffee depends on its organoleptic characteristics, which in turn 
depend on many other factors, including the genetics of the plant, the environ-
mental conditions, the agricultural practices, the degree of cherry ripeness, and the 
post-harvest processing and the storage and transport conditions. Each step in coffee 
production is then of fundamental importance for obtaining the golden bean [32].

Due to the different ecosystem characteristics, Ecuador is one of the few coun-
tries in the world that can cultivate the two commercial species of coffee, Coffea 
arabica (70%) and Coffea canephora (30%). Figure 1 shows the distribution of coffee 
crops by region and the cultivated areas in hectares. As can be seen, the cultivation 
of coffee is spread practically throughout the territory. On the other hand, Table 2 
shows the environmental characteristics of each region that directly influences the 
type of variety cultivated and the end quality of the final product [33, 34].

Of the two species, C. arabica is more appreciated for its organoleptic proper-
ties, and therefore it generates more revenue. The main characteristic of this variety 
is that it contains less caffeine compared with C. canephora. Caffeine is responsible 
for the bitter and strong taste [35].

Figure 1. 
Distribution of Coffea arabica and Coffea canephora in Ecuador.
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C. arabica usually grows in cooler climates common in high altitudes (18–21°C). 
For this reason, it is known as mountain coffee. Despite its adaptability to colder 
climates, Ecuador benefits from the Humboldt Current that provides fresh cold air 
during coffee flowering. It allows the cultivation of arabica varieties also in lower 
and warmer regions of the country. For example, Manabí on the coast grows arabica 
coffee at 600 meters above sea level (masl) [36], and in Galapagos, Santa Cruz, and 
San Cristobal Islands, a premium arabica coffee is obtained at altitudes between 
180 and 450 masl [33]. The cold temperatures let a slow ripening of the cherry 
which allows a greater accumulation of sugars and metabolites that contribute to 
improving the organoleptic properties [37]. Global warming is therefore an enemy 
that puts arabica coffee production at risk [38]. One effect of this warming is related 
to the resentful presence of the coffee berry borer (Hyphotenemus Hampei) in higher 
and colder areas [10].

The most cultivated varieties of C. arabica in Ecuador are Bourbon, Typica, 
Caturra, Geisha, Catucaí, Timor, Castillo Sachimor, and Sidra [39]. Choosing the 
right variety is the first important decision that agriculture must take. As reported 
in Table 3, some varieties seem to be more productive, resistant to pests, and 
more adaptable to high temperatures [40]. On the contrary, other varieties are less 
productive or resistant but have superior organoleptic characteristics. The genetics 
of the plant mostly determines the biochemical composition of the fruit (caffeine, 
sugars, lipids, and chlorogenic acids) and therefore the organoleptic properties 
[41]. For this reason, the decision of which variety to plant depends not only on 
the place of cultivation and climatic condition but also on the quality or volume of 
coffee that is desired to produce.

Most coffee growers in Ecuador prefer the quality of the final product due to 
the higher economic income obtained with an excellent coffee rating. The National 
Ecuadorian Coffee Association (ANECAFE), for example, awards the best produc-
ers with the “golden cup”. The golden cup is a contest in which international experts 
evaluated different coffee quality parameters like aroma, sweetness, body, color, 
and others. In 2021, the Sidra and Geisha varieties, grown in the Andean provinces 
of Pichincha and Loja, were the most appreciated by the expert’s panel, achieving 
quality scores higher than 90 points [42]. This nomination allows farmers to sell 
coffee at prices 10–100 times higher.

On the other hand, robusta coffee grows in warmer places on the coast and in the 
Amazon region. It is more productive, resistant to high temperatures and pests, and 
contributes mainly to the local market. It is appreciated in special mixes and soluble 
coffee production [43]. Maincrop differences between C. arabica and C. Canephora 
are summarized in Table 4 [40].

Region Environmental conditions for coffee cultivation

Andean 18–23°C
1500–2900 masl

Coast 25–30°C
40–600 masl

Amazon 23°
<500 masl

Galapagos 25°C
180–450 masl

Table 2. 
Environmental conditions of coffee plantations by region.
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In terms of genetics, there is significant variability of bean chemical composition 
and organoleptic characteristics between arabica and robusta and within variety 
levels [41]. Therefore, genetic gains for quality can be achieved by hybridization 
strategies and the use of new genomic tools that offers the opportunity to accurately 
decipher the genomic control of quality components.

Coffee is grown under agroforestry polyculture systems that, on the one hand, 
allow the conservation of biodiversity and, on the other hand, provide multiple 
advantages to coffee plantations. The trees provide shade, helping to maintain a 
suitable temperature. They also form a barrier that prevents damage from strong 

Variety Characteristics

Bourbon It is originated from the Typica variety. It is known for its excellent cup quality. It has a 30% 
higher productivity than the typical variety. It reaches heights of 3 m, being susceptible to 
winds. Its maturation is early and there is a risk of fruit falling due to rain

Typica Originally from Ethiopia, it began the history of coffee cultivation in America. It is 
characterized by being high (4 m). It has low productivity and is susceptible to rust. However, 
its cup is highly valued. It grows between 1300 and 1800 masl

Caturra Arose from a mutation of bourbon. It is a low height (1.8 m). Its fruits can be red and yellow. 
They are characterized by early maturation. They tolerate drought, wind, and sun exposure 
better

Geisha Originally from Ethiopia. The most important characteristic is its excellent cup and for that 
reason, it still occupies a place in production, however, it has low productivity and resistance 
to rust

Catucaí It comes from an artificial cross between the Mundo Novo and Caturra varieties carried out 
in Brazil. They reach heights of 2.25 m and have high productivity (7.9 tons/hectare). The 
maturation of its fruit is late, being beneficial for areas where maturation coincides with the 
rainy season

Timor The Timor Hybrid is originated from a spontaneous cross between the Typica variety of 
C. arabica and Robusta of C. canephora, identified around 1917 on the island of East Timor 
(Indian Ocean). Highly resistant to rust pathogen. The trait of genetic resistance comes from 
the species C. canephora

Castillo It is originated from Colombia. It was developed by the National Coffee Research Center 
(Cenicafe). It is a pest-resistant plant characterized by being precocious and highly productive

Sidra Discovered in Ecuador as a result of a cross between the Typica and Bourbon varieties. It is 
known for its aroma of flowers and fruits

Sarchimor The Sarchimores are plants of low size, green or bronze bud, vigor, and high production, well 
adapted to low and medium altitude areas, and good cup quality

Table 3. 
Most common C. arabica Varieties cultivated in South and Central America.

Arabica Robusta

Time from flower to ripe cherry 9 months 10–11 months

Yield (kg beans/ha) 1500–2000 2300–4000

Optimum temperature (yearly average) 15–24°C 24–30°C

Optimal rainfall 1500–2000 mm 2000–3000 mm

Optimal altitude 1000–2000 masl 0–700 masl

Caffeine content of beans 0.8–1.4% 1.7–4%

Table 4. 
Maincrop differences between C. arabica and C. canephora.
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winds and rain and counteracts the spread of pathogens. In addition, they prevent 
soil erosion, forming ecosystem corridors that allow maintaining a considerable 
biodiversity of flora, fauna, and beneficial microorganisms [44].

The most common trees found in Ecuadorian coffee plantations are a mix of 
fruit trees (Musa paradisiaca, Carica papaya, Citrus limon, Psidium guajava, Inga 
edulis, and Theobroma cacao) and timber trees (Cordia alliodora and Ochroma sp) 
[44]. In Galapagos is common to find other endemic species such as Scalesia pedun-
culata, Psidium galapageium, and Zanthoxilum fagara [45]. Figure 2 gives an idea of 
the biodiversity around coffee trees.

Because of all positive factors, the agroforestry system is more sustainable. 
However, it is important that farmers adapt this system to their specific conditions 
to avoid competition between species for nutrients and water. This competition 
could decrease production. The tree density recommended by the sustainable 
agriculture network (SAN) is 40%. Higher densities subtract sunlight from coffee, 
producing opposite effects [46]. The choice of shade trees is also important. Trees 
with deep and widely branched roots are generally preferred. Leguminous trees are 
also relevant for their ability to fix nitrogen. In Ecuador, the leguminous Guaba tree 
(Inga edulis) is widely found also because its fruit is locally consumed [47].

Coffee trees tolerate a wide range of soils if they are deep, porous, well-drained, 
and well balanced for their texture. Coffee is not very demanding in soil fertil-
ity, and it can be cultivated in fertile as well as in poor soils even in acidic soils. 
Ecuadorian volcanic soils are particularly well suited for coffee [48]. Nonetheless, 
the production of green coffee leads to the depletion of nutrients. This depletion 
needs to be compensated by appropriate fertilization to keep a constant and high 
production. Proper nutrition is important for vigorous plants. Parameters such as 
the age of the coffee trees, the planting density, and the degree of intensification 
must be considered [46]. It is advisable to take soil samples before applying fertil-
izers. Foliar fertilization is often used to compensate deficiencies in micronutrients 
like zinc, boron, iron, and manganese [49].

Figure 2. 
Coffee trees under agroforestry system. Intag-Ecuador. (Source: Sania Ortega).
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Ecuadorian rural farms do not have nearby laboratories to monitor the nutrient 
content in the soil. So, fertilization and fumigation are based on farmers’ intuition 
and experience. Unfortunately, this is a problem that could seriously affect the qual-
ity of the soils as well as coffee production. Another problem is the lack of records 
of the treatments applied.

Although correct fertilization can supply any nutrient deficiency, to guarantee 
sustainability it is important to preserve the soil microbiota. Microorganisms play 
a very important role in soil fertility and crop production because of their ability to 
promote plant growth, enhance biotic and abiotic stress resistance, and facilitate 
and improve the absorption of nutrients by the root [50].

Plant growth-promoting microorganisms, and arbuscular mycorrhizal fungi 
(AMF) have been used in coffee trees to improve productivity and reduce the appli-
cation of chemical fertilizers [50, 51]. In a study carried out in Mexico, for example, 
it was shown that the inoculation of coffee seedlings with Azospirillum sp., Glomus 
intraradices, and Azotobacter sp. improved root structure [52]. Azospirillum pro-
moted the formation of root hairs, which in turn facilitated the plant-mycorrhizal 
association. This association increased the uptake of phosphorus and the secretion 
of radical exudates that favored the development of Azotobacter known for its abil-
ity to fix nitrogen. In conclusion, the colonization of the roots by beneficial micro-
organisms stimulates plant growth and improves nutrients uptake obtaining healthy 
plants. The presence of beneficial microorganisms in the rhizosphere decreases the 
presence of other non-beneficial or plant pathogens. Microorganisms produce elici-
tors such as volatile organic compounds, antimicrobials, and/or competition. These 
elicitors can induce the expression of pathogenesis-related genes in plants through 
induced systemic resistance or acquired systemic resistance channels [53].

A critical task for coffee growers around the world is the control of pathogens 
and diseases. The biotrophic fungus Hemileia vastatrix, or coffee leaf rust is con-
sidered one of the most devastating in Latin America [54]. In Ecuador, in 2013, it 
caused losses greater than 50% of total production [55]. To save production and 
reduce the incidence of rust, in 2012–2021 Ecuadorian coffee-cocoa reactivation 
program, coffee growers were encouraged to plant species with resistant genotypes 
as a strategy to control coffee rust [26]. However, some coffee farmers fear lowering 
cup quality by replacing one variety with another. Among the agricultural practices 
used to stop coffee rust, the use of shade trees for temperature control is the most 
common. However, this management practice is effective only if it does not produce 
excess humidity or decrease photosynthesis, which promotes the growth of the fun-
gus [56]. Another common practice to reduce fungus colonization is the application 
of silicates at the foliar level. Chemical control with cupric fungicides is also widely 
used despite the increasing interest in organic certification [57]. The biological 
control of coffee leaf rust by antagonistic bacteria was also studied. Bacteria belong-
ing to the genus Bacillus and Pseudomonas showed a great potential for rust control 
in Brazil [58]. Also, the entomopathogenic and mycoparasite fungus Lecanicillium 
lecanii proved to be effective in rust control [59].

On the other hand, coffee berry borer (Hipothenemus hampei) is the most chal-
lenging insect pest of coffee throughout the globe. Adult females bore the berry and 
deposit eggs inside it, altering the organoleptic properties of the bean and reducing 
the selling price between 20% and 40% [60]. In addition, it causes premature fall 
of youngberries and the increased susceptibility of infested ripe berries to fungus 
or bacterial infection [61]. Due to its nature and behavior, the borer is very difficult 
to eradicate. The fact that it lives inside the fruit makes contact insecticides ineffec-
tive. Organochlorine and organophosphate insecticides are the most widely used 
but produce high environmental costs [62]. In countries like Brazil, Mexico, and 
Colombia traps have been designed. The most technological ones allow to capture 
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up to 10,000 adults per day [61]. Biological control with entomopathogenic fungi 
has also been an option, although it is not sufficiently effective until now. The most 
used microorganism to control insect pests is Beauveria bassiana [63].

With this overview, obtaining quality coffee is not an easy task and requires exten-
sive technical and scientific knowledge. The error of the programs carried out by the 
Ministry of Agriculture was to generalize production and not consider the unique 
characteristics of each ecosystem. Successful models in other countries are not always 
adapted to the reality of each region. In conclusion, there are research lines that must 
be established to select varieties with superior characteristics, understand the ecologi-
cal relationship of coffee in each ecosystem and isolate native microorganisms useful 
to improve plant growth and pest. It is also important to register the treatments and 
practices carried out by the farmers and learn from their experiences.

5.  Technical and scientific aspects of coffee processing and wastes 
disposal

The cup of coffee has a process behind it that varies according to the region, the 
variety of coffee planted, and the use of the different post-harvest treatments. All 
these factors give each coffee a unique flavor.

Coffee trees, depending on the specific variety, take between 3 and 4 years to 
bear the first fruits. Generally, coffee cherry ripening is faster in lower and warmer 
areas. Nonetheless, slow ripening is more advisable to achieve better organoleptic 
characteristics [64]. To guarantee coffee quality, it is important to harvest only ripe 
fruits. The coffee tree declines its productivity after 20 years [65]. Therefore, it is 
important to renew coffee plantations.

The process of harvesting coffee beans can be carried out by different methods, 
among which are manual or mechanical. In Ecuador, a manual process is the most 
used. Workers collect the coffee berry, avoiding collecting green ones and discarding 
the grains that are dry or damaged. All coffee fruits are collected in plastic handcrafted 
containers and transported to the classification area. Harvesting depends on the labor 
and skill acquired to select the best fruits. In general, it is hard work since the collectors 
must walk long distances on slopes where a big part of coffee plantations are located.

After fruits collection, the flotation technique is used for the selection of the 
beans. It consists in covering the cherries with water. Contaminants such as stones, 
garbage, and floats are discarded. Subsequently, a second review of the fruits is 
carried out, spreading them on African beds or similar structures to discard those 
that are not cherry-colored. All discarded fruits (pasilla) are considered inferior in 
quality and therefore have a lower price in the market.

Post-harvest treatments are part of the coffee production process, the latter can 
be classified into three different types of processing: wet or washed, dry or natural, 
and semi-dry or honey. The country’s coffee growers carry out empirical experi-
ments to determine which treatment provides the best quality results. In general, 
dry processes are applied in the Robusta variety, and wet ones in Arabica [66, 67]. 
The different steps of each process are summarized in Figure 3.

All treatments share the harvest and flotation stage. The natural or dry process 
is considered the simplest and most traditional at the national level since it consists 
of the direct drying of the fruits and the subsequent removal of the dry pericarp 
by manual or mechanical action [68]. On the other hand, the semi-dry process has 
a previous stage of mechanical pulping to remove the pericarp before drying [67]. 
Finally, the wet process requires a fermentation step which needs robust control. 
The quality of the coffee obtained from the wet process is generally higher com-
pared to the other processes [68].
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5.1 Dry or natural process

Natural processing is considered the oldest and most traditional technology. It 
is relatively simple and inexpensive. Previously selected cherries went through a 
drying process, to finally be shelled and pulped. The drying process prevents the 
growth of microorganisms. It is done under the sun or through air dryers that allow 
reaching a humidity of 10–12%, which is considered a standard measure for the 
coffee to retain its volatile compounds until roasting [67, 68].

In Ecuador, the Robusta coffee is dried directly under the sunlight. The advan-
tage of this process is the cost. However, there are several disadvantages such as 
the time of the process which depends on the weather conditions, and the constant 
control required to prevent damage due to dust, rain, or storms. This process ends 
with the extraction of the pericarp and the dry pulp to obtain only the green coffee 
beans that will be later stored. This can be done manually through a mortar or 
threshing machine, or through mechanical hullers.

Figure 3. 
Coffee processing technologies.
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5.2 Wet or washed process

The wet process is the treatment with the best results in terms of coffee  quality 
[69]. The main difference with the dry process is the pulped step. The pulping 
is carried out mechanically and consists of the removal of the exocarp and part 
of the mesocarp of the coffee cherry. Figures 4 and 5, show a classical pulped 
machine used by smallholders. The pulp is squeezed through a rotating disc or 
drum. This process must be carried out in a way that does not damage the bean 
which could lead to microbial attack or contamination. The part of the remaining 
mesocarp is the mucilage, which will be important in the subsequent fermentation 
 process [67, 70].

Mucilage fermentation is the important turning point for wet production due 
to the quality indicators that it provides such as aroma and flavor [70, 71]. The 
fermentation process is important to degrade the mucilage resulting from the 
previous process, containing a large amount of pectin, starch, and cellulose; being 
an ideal substrate for yeasts and bacteria [71]. In Ecuador, a metagenomic study 
on the fermentation processes of coffee was developed confirming the presence of 

Figure 4. 
Pulped Machine in Piedra Grande San Jerónimo’s Farm, Lita-Imbabura (source: Sabastian Obando).
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enterobacteria, lactic acid bacteria, and yeasts as the majority of microorganisms’ 
groups [72]. Microorganism isolation and evaluation of fermentation ability must 
be the next step to improve flavor quality.

Microorganisms are the secret of fermentation. Its metabolic routes produce 
secondary metabolites and volatile compounds associated with aromas and 
 flavors [73].

Studies have been carried out to isolate different microorganisms and  evaluate 
their ability to produce volatile compounds and how they affect coffee quality 
[74, 75]. Alcohols are abundant volatile metabolites that fulfill various functions 
such as providing fruity aromas and flavors, contributing to physical characteristics 
e.g., adding viscosity to the beverage, and even serving as a solvent for other volatile 
compounds. However, some compounds such as aldehydes are variable and can give 
desired characteristics e.g., fruity, and almond aromas. But also, undesirable char-
acteristics like the pungent taste. Finally, it is responsible for providing  bitterness, 
an important characteristic in the evaluation of coffee cups [76].

The washing process must be carried out immediately after the fermentation 
process is completed to avoid an overfermentation and production of propionic 
and butyric acid that are related to onion flavors and aromas. Washing is done with 
drinking or irrigation water seeking to remove all the mucilage resulting from the 
fermentation process before drying. The drying and shelling are carried out under 
the same conditions as the dry or natural process [67, 68]. Figure 6 is a classical 
air-drying installation.

5.3 Semi-dry or honey process

The semi-dry process is a combination of the two previous processes. The 
bean with the layer of mucilage is left to dry directly in the sun, as in both processes. 
This step allows the layer of mucilage to impregnate the bean giving it a color and 
texture equal to honey. It is a process that requires less control. The fermentation 

Figure 5. 
Pulped process of a family agroforestry system. Intag-Ecuador. (source: Sania Ortega).
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process is considered to occur in the drying stage. Microbial inoculants have been 
also studied in this process [77, 78].

This process is the most recommended in Ecuador since it allows to obtain high 
quality and produces less wastewater. Some types of coffee processed with the wet 
and honey method have been awarded with the golden cup [42].

After coffee bean processing, bean coffee could be roasted or stored. Storage con-
ditions must be controlled to prevent fungal growth and mycotoxin production [79].

Like cultivation, coffee processing requires extensive knowledge and special 
attention since it directly influences the quality of the final product. Each producer 
maintains in reserve the details of the processing, especially in the fermentation 
stage. However, cooperation between producers is a key factor in marketing. Coffee 
Associations often fail to meet the demand of international markets due to differ-
ences in quality obtained between partners.

As in cultivation, coffee producers experiment by varying production methods 
or parameters during the process. Although the experimentation carried out is a 
positive aspect, it is necessary to standardize the production to guarantee the same 
quality in all harvests. Research is also an essential component of development.

5.4 Waste disposal

Each process generates a different type and volume of waste such as water, 
pulp, and parchment (Figure 1). It is estimated that ¾ of the volume of the total 
beans harvested are residues [80]. Since in Ecuador the cultivation of coffee is a 
family and rural activity, the use of sophisticated technologies for the valorization 
of residues is not applicable. The most suitable technologies are related to reuse in 
agriculture, animal feed, and energy production [81].

A large part of the farmers processes their own coffee on the farm, so the waste 
is managed internally. A common practice is to spread the residues directly on the 

Figure 6. 
Sun-drying coffee beans. (Source Sebastian Obando).
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fields and let them naturally degrade. However, the application of not completely 
degraded residues produces adverse effects, including phytotoxicity [82]. On the 
other hand, this practice facilitates the spread of pests from infected and discarded 
fruits, and bad odors, among others. In addition, this bad practice produces con-
tamination of water sources. Most of the farms are located on hills and when it rains 
the water carries pollutants to the lower areas that end up polluting rivers.

Other coffee growers take the harvested beans to the collection centers to be 
processed afterward. These collection centers usually have a place for composting. 
Compost obtained is then sold as an amendment to use in coffee or other minor 
crops. Data on the quality of this amendment is not available. Generally, composting 
process is carried out under partial or not controlled conditions. Something impor-
tant to highlight is that each farm must be concerned about its sustainability to be 
competitive. Organic certifications are always more important to gain and guarantee 
a marketplace. On the other hand, chemical fertilizers are expensive. Therefore, tak-
ing advantage of nutrient-rich waste is the most viable option for self-sustainability.

Coffee by-products are characterized by a high concentration of nutrients and 
other compounds such as polyphenols and caffeine that in high concentrations 
could be phytotoxic [80]. For this reason, it is important to a stabilization treatment 
before its use in agriculture. Composting remains the best and cheapest way to 
achieve this aim. However, it must be a controlled process to guarantee phytotoxic 
reduction and pathogens elimination.

Because composting is a microbial degradation process. The selection of specific 
degrading microorganisms could be a good option to improve compost quality 
and reduce composting time. Compost can also be used as a strategy to introduce 
PGPR and biocontrol agents. A similar experience was achieved by the Italian olive 
industry which residues are very similar in composition to those of coffee [83].

Generally, coffee growers mix coffee by-products with other agricultural 
residues from minor crops and manure from raising pigs, chickens, guinea pigs, 
and cows. These processes are not technical and therefore the results obtained may 
be variable or not satisfactory. For this reason, boosting the correct management of 
composting technology would require appropriate training for groups. This should 
include appropriate training on quality control of the final product to guarantee the 
reduction of phytotoxicity, the elimination of pathogens, and the stabilization of 
the compost. Good results of compost application in rural areas were obtained in 
Vietnam [84].

Another re-utilization process is to use by-products as animal feed. The pres-
ence of tannins and caffeine diminishes the acceptability and palatability of husk 
by animals. So, the degradation of caffeine by microorganisms, especially bacteria, 
needs further studies.

In conclusion, composting is the most applicable technology to coffee waste 
management because it only requires a space that farms generally have and com-
mon work tools to remove de compost. It also helps to return to the soil part of the 
nutrients extracted by agriculture. Other technologies are too expensive and require 
big quantities to recover the investment. As in cultivation and processing, waste 
disposal should also be linked to research programs that over time can provide 
alternative solutions contributing to rural and sustainable development.

6. Conclusions and policy implications

Coffee is a strategic crop; it has a growing world market and therefore great 
economic potential. It also has environmental benefits that distinguish it from other 
expansive crops such as palm and banana.
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On the other hand, Ecuador has optimal geographical and climatic conditions 
for growing coffee but has a lower production (3–5 quintals/ha) compared to other 
producing countries in the region such as Brazil and Colombia (35–40 quintals/ha) 
[20]. These competitive disadvantages prevent Ecuador from covering the market 
demand, which has affected the coffee trade [17]. The low productivity can be 
explained by many factors such as poverty in rural areas, lack of trained workers, 
inadequate management of pests and diseases, the presence of aged coffee planta-
tions, insufficient infrastructure technology for post-harvest processes, and the lack 
of effective marketing channels [15]. To overcome these deficiencies, it is essential 
to improve the quality of life of farmers by guaranteeing access to basic services and 
education. Farmer’s income must be protected with adequate economic policies. 
This will allow new generations to see agriculture as a profitable livelihood and 
assure sustainability.

Scientific research is also important to overcome problems like pest control 
and productivity. Reactivation programs must include the active participation of 
research centers and not just incentives and subsidies.

The sustainable development of coffee farming in rural areas does not necessar-
ily require large investments, but it does require cooperation between farmers and 
research centers to guarantee knowledge transfer. The variability of coffee quality 
between farmers fails to meet market demand. Coffee producers tend to compete 
rather work as a team and help others to achieve quality, so cooperation is a point 
of force.

Under current conditions, Ecuador is not competitive in terms of volume due 
to a lack of technology and workforce, however, it can be very competitive in 
terms of quality thanks to the variability of ecosystems that give coffee special 
characteristics.

The results of the coffee-cocoa reactivation program established by the Ministry 
of Agriculture of Ecuador in the years 2012–2021 are expected to show appreciable 
improvements in productivity. Furthermore, this program is expected to allow the 
renovation of coffee plantations, the technical training of farmers, and the imple-
mentation of modern infrastructure.

Making changes in public policies to comply with territorial development 
programs that are based on sustainable development objectives is needed. Public 
policy in the “Socio Bosque” Program, for example, should be strengthened to 
generate incentives for farmers who have or opt for agroecological plantations and 
have organic certifications. In this way, the program would ensure the maintenance 
of primary forests while increasing economic income for coffee-growing families. 
In this way, conservation would be guaranteed along with the improvement of life 
quality.
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The Significance of Blockchain 
Governance in Agricultural Supply 
Networks
Michael Paul Kramer, Linda Bitsch and Jon H. Hanf

Abstract

Firms in the agri-food sector have started implementing blockchain  technology 
to both provide transparency over the supply chain transactions and to make trust 
attributes visible to consumers. Besides the well-known public blockchains such 
as Bitcoin and Ethereum, private- and consortium-type blockchain platforms 
exist. The latter ones are being operated in the agri-food ecosystem contributing 
to the vertically cooperated supply networks that are coordinated by a focal firm. 
Stakeholders’ attitude and behavioral intentions toward the use of the block-
chain technology impact their use behavior. The results show that permissioned 
blockchain governance mechanisms with consensus and incentives to motivate 
stakeholders are lacking in private and consortium blockchains. This study closes 
a research gap as understanding how the stakeholder management approach can 
compensate for the lack of consensus mechanisms can provide managerial guidance 
toward the development of an effective stakeholder management strategy, which 
eventually can be provided for a competitive advantage. As there is little research on 
the role of blockchain as a novel governance mechanism, this research will contrib-
ute to the scholarly discussion toward a common understanding.

Keywords: vertical coordination, blockchain, governance, stakeholder management, 
food industry

1. Introduction

Blockchain technology is a meta-technology that has the potential to change 
business models and supply chain networks (SCN) in the agri-food industry. Based 
on a distributed computing architecture, the blockchain protocol in its current form 
enables the provision of provenance information as well as tracking and tracing 
to support supply chain management. Recently its implementation in vertically 
cooperated food supply chains (FSC) has started. FSCs are typically managed 
centrally with a focal firm being responsible for the coordination of the network 
[1]. Sensitized by food poisoning cases, consumers nowadays require provenance 
information and transparency about the production of the food item [2]. Early 
adopters in the coffee industry are therefore building on blockchain technology 
(BCT) solutions to provide better visibility about the journey of the coffee product 
in their supply chain [3]. It has been demonstrated that the application of BCT 



Sustainable Agricultural Value Chain

28

to provide tracking, tracing and provenance information will result in increased 
consumer trust [4]. As a result, traceability of food products is becoming a competi-
tive differentiator in the agri-food industry [5].

Since the first Bitcoin block has been minted in 2009 distributed ledger tech-
nologies (DLT) such as blockchain have gained rapid acceptance. Oftentimes DLT 
and BCT are used interchangeably. For purposes of this article, we will continue 
using the publicly used term “blockchain” respectively “BCT”, although blockchain 
is a category of DLT. We will further use this term synonymously to describe a 
decentralized, public, and permissionless network. BCT has the potential to develop 
into a general-purpose technology with the outlook to fundamentally change the 
economy and society alike. Its decentralized and distributed digital ledger enables 
secure and trustful peer-to-peer transactions. It is the underlying technology for 
cryptocurrencies such as Bitcoin and also the basis for the tokenized economy, pub-
licly referred to Web 3. Blockchain relies on the participation of many stakeholders 
in the decision-making process, in contrast to today’s governance in hierarchical 
organized firms.

In general terms governance refers to the rules and processes of a control system 
that is used to manage and supervise how stakeholders interact within an organiza-
tion, a firm, a state, or within an information technology (IT) based network. As 
such, governance can be seen as a form of regulation that supports the achievement 
of objectives [6]. The rules of governance coordinate decision-making processes 
between stakeholders. Governance systems provide for risk mitigation and are also 
implemented in digital ledger technologies such as BCT [7]. Blockchain as a soft-
ware protocol enables a new governance infrastructure and its decentralized gover-
nance mechanisms involve multiple stakeholders rather than a single authority. Its 
governance is a self-regulating system that is based on a digital network. Until now, 
a generally accepted definition of blockchain governance has not yet been agreed 
upon. As in organizations and firms, decision-making and economic incentives are 
key attributes of BCT governance [7].

The purpose of decentralized peer-to-peer (P2P) networks is to eliminate the 
central decision-making authority. Rather than exercising authority by assign-
ment, in decentralized networks authority is exercised by the engagement and 
experience of the stakeholders. Decisions are being coordinated through consensus 
mechanisms by the participating entities, by a single entity, or a set of a few entities 
that have been assigned to perform governance tasks. Consensus in broad terms 
is an agreement that is being made between various parties. The permissionless 
consensus mechanism in the cryptocurrency Bitcoin provides for verification of 
transactions stored in a block. As such, consensus is a confirmation on the status of 
the cryptocurrency network which leads to a subsequent update of all networked 
ledgers. Consensus mechanisms are therefore the foundation of the digital trust 
mechanism in BCT.

The type of governance exercised, and the associated consensus mechanism 
depend on the type of the blockchain technology platform type (BCTPT) with 
their varying coordination mechanisms [8]. Governance based on consensus 
mechanisms such as Proof-of-Work (POW) used with Bitcoin or with the current 
Ethereum platform1 to validate transactions can be exercised on-chain (algorithmic, 
mathematical) or off-chain (human interaction, network policies). We will focus 
in this article on off-chain rather than on on-chain governance as the behavioral 
intentions, i.e., the perceived likelihood that supply chain stakeholders will exhibit a 
certain behavior, is key to our research.

1 As the result of a governance decision Ethereum is currently in the process of swapping the Proof-of-
Work consensus mechanism to the energy efficient Proof-of-Stake mechanism.
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The research is based on an exploratory case study of the premium coffee 
producer Solino Coffee based in Germany and Ethiopia. The case study has been 
selected by purpose due to its uniqueness and because it provides for insights about 
the influence of instrumental stakeholder management on technology adoption 
behavior.2

The aim of this research is twofold: first, we analyze how the stakeholder 
management approach impacts use behavior of stakeholders towards adoption 
of blockchain technology in the absence of permissioned consensus mechanisms 
in private and consortium BCTPT in vertically coordinated Food Supply Chain 
(FSC) networks. We want to gain an understanding, how the stakeholder manage-
ment approach compensates for the lack of involvement in the consensus process. 
Second, we provide an analysis of the factors influencing blockchain technol-
ogy adoption behavior of stakeholders in vertically coordinated FSC networks. 
The article is organized as follows: part 2 explains the research methodology we 
employed. In part 3 we elaborate on vertical coordination in the agri-food sup-
ply chain based on network theory. The theoretical foundation of the research is 
further built on instrumental stakeholder theory, as well as on technology adoption 
theory. Part 4 provides for a general blockchain technology overview and discusses 
the different blockchain technology platform types. Part 5 introduces governance in 
blockchain and refers to the different governance types that are being exercised. In 
the subsequent part 6 we introduce the model that determines the technology adop-
tion behavior of stakeholders in the coffee supply chain. Part 7 describes the coffee 
supply chain case study our research is based on. With part 8 we provide a summary 
of the results and a discussion on our empirical findings. Eventually, we conclude 
the article with part 9 and provide guidance in terms of possible directions of future 
research. The objective is to investigate on the following research questions:

RQ 1: Which governance types apply to the different blockchain technology 
platforms?

RQ2: How is stakeholder engagement affected by governance mechanisms?
RQ3: How does the stakeholder management approach impact use behavior of 

stakeholders?

2. Methodology

The research methodology we followed is based on three pillars: an extensive 
literature review concerning BCT in vertically coordinated agri-food supply chains 
including network and technology adoption theory, a quantitative survey, and 
expert interviews. In addition, we have been, and we still are involved, in ongoing 
discussions with operators of BCT solutions. These operators have first practical 
experiences with the operationalization of BCT for the purpose of provision of 
tracking and tracing as well as of provenance information in agri-food SCNs. Based 
on the theories we have constructed a blockchain technology adoption model. Our 
proposed model combines principles of technology adoption, economics, and social 
psychology to investigate the behavioral intention of individual stakeholders in the 
coffee FSC towards BCT adoption.

Empirical data has been derived from an explorative case study of the premium 
coffee producer Solino Coffee based in Germany and Ethiopia which provides 
empirical insights into the applicability of the proposed model of technology 

2 The authors of the current paper contributed to the case study-based article “Nothing else matters: 
Blockchain technology adoption behavior of stakeholders in rural areas” which has been submitted in 
June 2021 [9].
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adoption behavior. The production facility of Solino Coffee is located in the 
Ethiopian capital of Addis Abeba. As a few early adopters in the coffee industry 
have just implemented and operationalized BCT to enhance their supply chain, 
this is the earliest possible point in time to conduct research with the objective of 
obtaining meaningful results. Quantitative data has been collected through online 
interviews and qualitative data through expert interviews. Our online questionnaire 
methodologically follows the Reasoned Action Approach [10]. The questionnaire is 
based on five factors determining usage behavior and behavioral intention.

This case study has been selected by purpose due to its uniqueness and because it 
provides insights into the influencing factors of instrumental stakeholder manage-
ment on technology adoption behavior.

3. Literature review

3.1 Attributes of agri-food supply chain networks

Food supply networks in the agri-food business are typically managed 
centrally with a focal firm being responsible for the decisions relating to the 
coordination of the network [11]. The networks have been classified as strategic 
networks where the focal firm is responsible for all attributes of the food item in 
the network [11]. Attributes of strategic networks are the hierarchical coordina-
tion through a focal firm, the intensity of relations, and the coordination mecha-
nisms. Strategic networks are mainly organized in a pyramidal-hierarchical 
structure, in which a focal firm acts as the centralized decision-making authority 
which coordinates the network. The focal firm also sets the strategy and aligns 
the actions in the network [12]. Strategic networks are characterized as long-term 
relationships of power and trust through which organizations exchange influence 
and resources between at least two or more actors in the network. Furthermore, 
strategic networks can be seen as a construct of long-lasting inter-organizational 
links which have a strategic significance for the participating firms [13]. Gulati 
showed that coordination and cooperation are two important means for the 
management of vertical relationships [14].

3.2 Coordination mechanisms

Coordination can be understood as the alignment of actions to mutually achieve 
goals between intentionally chosen partners. Coordination problems arise if actors 
are not aware that their actions are interdependent or that there is uncertainty 
about others’ rationality so that one does not know how others will act. Thus, 
problems of coordination are the result of the lack of shared and accurate knowl-
edge about the decision rules that others are likely to use, and how one’s actions are 
interdependent on those of the others [15]. There are formal (including program-
ming, hierarchy, and feedback) and informal mechanisms (leadership, norms, 
culture, shared values and experience, trustworthiness, and a shared strategy) 
to overcome coordination problems [16]. Cooperation refers to the alignment of 
interests between the partners in which the intended scope of the relationship is 
laid out. Thus, problems of cooperation accrue from conflicts of interests because 
self-interested individuals optimize their benefits before they strive for collectively 
beneficial outcomes [13]. Formal mechanisms such as contracting, common owner-
ship of assets, monitoring, sanctions, prospects of future interactions and informal 
mechanisms such as identification and embeddedness can be used to overcome the 
problem of motivation.
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Coordination mechanisms in food supply chain management can be broadly 
divided into six groups: power, contractual relationships, information sharing, joint 
decision-making, collective learning, and building routines [17, 18]. In addition, 
Pietrwicz examined consensus building as well as coding and executing smart 
contracts as coordination mechanisms for online transactions [19]. Cooperation 
and coordination therefore need to be seen as two indispensable parts of the supply 
chain collaboration. For an efficient management of vertically cooperated FSC, it is 
necessary to manage both mechanisms simultaneously [1] where the key objective 
of the participating supply chain stakeholders is to provide the end customer with 
the products and services that are being demanded.

3.3 Blockchain as a trust technology

Vertical cooperation in the food industry is driven by trust attributes such as 
food quality, provenance, and safety [11]. In a pyramidal–hierarchic organization, 
decisions are made by the focal firm, which is responsible for the strategic direction 
of the SCN. According to Ketchen and Hult, intermediaries and agencies in supply 
networks increase the potential for abusing power and intentionally take advantage 
of the SCN, which is the result of a single decision authority [20]. According to 
Belaya and Hanf power can be used as an effective coordination mechanism in the 
FSC operating in centralized ecosystems [21]. However, power could also be applied 
to the advantage of the network to solve issues and problems in supply networks 
[22]. The level of decision-making power applied to the supply network is critical 
for its efficiency, with a higher degree of control resulting in an increase in sup-
ply network value. It has also been proven to impact the management of highly 
interconnected networks, where the supply network performance suffers less with 
higher control applied [23]. A trust attribute of BCT is that blockchain is consensus 
safe as transactions can only be executed when the majority of participants verify 
them. Consensus is an agreement that is being made between various parties when 
participating entities reliably and efficiently verify transaction attributes [24]. The 
decentralization nature of a blockchain system impacts the level of control as well as 
the decision-making [24]. BCT is performing decision-making through consensus 
about the contents and validity of transactions as an aspect of coordination. In a 
decentralized network, decisions are made by the joint consensus of the participat-
ing entities. In public BCTPT decision-making is typically performed through mass 
consensus. In private BCTPT a single ruling entity performs the decisions alone; 
in consortium platform types authorized participants perform the decisions. As a 
result, based on the BCT platform, different consensus algorithms apply [8]. The 
founder of Ethereum blockchain, a public BCTPT provided a detailed explanation 
of the consensus algorithm: “The purpose of a consensus algorithm, in general, is to 
allow for the secure updating of a state according to some specific state transition rules, 
where the right to perform the state transitions is distributed among some economic 
set. An economic set is a set of users which can be given the right to collectively perform 
transitions via some algorithm, and the important property that the economic set used for 
consensus needs to have is that it must be securely decentralized - meaning that no single 
actor, or colluding set of actors, can take up the majority of the set, even if the actor has a 
fairly large amount of capital and financial incentive.” [25].

BCT is a trust technology through the application of its attributes of transpar-
ency, integrity of data, and immutability [26]. It enables the sharing of product 
trust attributes with consumers, making supply chain activities more transparent 
[3, 27]. BCT with its trust attributes consensus, immutability of data, cryptographic 
security, and transparency could create a new trust platform for business transac-
tions as the application of disruptive technologies such as BCT to the agri-food 
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supply chain management can increase trust by generating closer relationships 
between the firms [28].

3.4 Instrumental stakeholder theory

As part of his instrumental stakeholder theory Freeman defines a stakeholder 
as “any group or individual who can affect or is affected by the achievement of the 
organization’s objectives” [29]. Freeman views his theory to be used in the realm of 
management’s strategic decision making. The traditional instrumental stakeholder 
theory focusses specifically on independent, dyadic relationships whereas a newer 
strand argues that organizations are represented by a complex network of hori-
zontal and vertical relationships [30, 31]. Following the instrumental stakeholder 
theory successful cooperation between management and stakeholders provides 
for a competitive advantage. Understanding the factors influencing behavioral 
intentions of stakeholders while using BCT can provide guidance as to what extent 
management can support and motivate stakeholders in using the technology, which 
eventually can provide for a more efficient use of the technology. This in turn 
could result in a distinct competitive advantage for the firm. When management 
introduces new technologies, they can be faced on one hand with the challenges 
that accompany the pure technical implementation but on the other hand more 
importantly they can be confronted with stakeholder resistance, unwanted atti-
tudes towards usage, and potential anxiety of the users. The latter is the reason why 
we chose to analyze the behavioral intentions of stakeholders towards adopting and 
using BCT and putting this into perspective to the chosen stakeholder management 
approach, especially against the background of the novelty level of BCT. Employees 
in an organization can use their power and resist to changes through forms of 
behavior that do not support the objectives of the organization. It is therefore 
imperative that management must be aware of the stakeholders’ attitudes and 
behavioral intentions towards the usage of new technology. Lazzarini et al. show 
that the normative path of stakeholder theory can lead to a strong commitment of 
the organization in adhering to the strategies that have been set by management 
[32]. The normative view of stakeholder theory focusses on the state that should be 
achieved. Management and stakeholders therefore need to take each other’s objec-
tives, motivations, intentional behaviors, and concerns into account to jointly strive 
for the envisioned economic rent of the firm. Consequently, management has to 
ensure that affected stakeholders accept and adopt the novel technology in order 
to achieve the expected economic rent. Stakeholder theory has been argued to be 
descriptive, which is the collaboration amongst stakeholders, instrumental, which 
assesses stakeholder management conduct and supply chain performance, and 
normative, which describes the attitudes of the firm towards its stakeholders. All 
three attributes support each other and are based on a normative foundation focus-
ing on the value of economic fairness and corporate social responsibility (CSR) or 
on factors determining what an economy should represent [33]. To be economically 
successful and outperform their peers, firms should also enter into contractual 
agreements with their stakeholders following the instrumental stakeholder theory 
[34]. This coincides with the strategic value chain approach which views the value 
chain as a single solution improving the competitive position by putting the cus-
tomer and their expectations first, to improve the overall chain performance [35]. 
Consequently, the development of close ties between the firm and its stakeholders 
has the potential to result in sustaining competitive advantage [36]. As the actions of 
stakeholders in the supply chain affect the value of an asset, BCT must be accepted, 
adopted and used by users to gain productivity advantages [37]. Stakeholders 
should have control over the asset e.g., over the BCT, to maximize their utility and 
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satisfaction. Stakeholder theory asks managers to understand the needs, motiva-
tions, and interests of stakeholders and also factor in their experience and skills 
to increase the supply chain efficiency [38]. Stakeholder theory can be applied to 
IT projects and will be effective in that industry [39]. As blockchain is a software 
protocol that is being implemented with the IT infrastructure it can be viewed as an 
information technology asset [40].

3.5 Technology adoption

Technology adoption can be viewed from an organizational or an individual 
stakeholder level [41]. For the purpose of this article, we analyze user adoption 
from a blockchain user perspective and focus on these stakeholders that have been 
tasked by their principal to add data to the blockchain ledger. We utilize the Unified 
Theory of Acceptance and Use of Technology (UTAUT) which is amongst the three 
most common models to analyze technology adoption and use behavior of informa-
tion technology [42]. UTAUT has been used in numerous studies to analyze and 
predict the acceptance and adoption of technologies predominately from the user 
perspective. It is based on four factors determining usage behavior and behavioral 
intention: performance expectancy (PE), which is the support of the technology 
for achieving the individual’s objectives, effort expectancy (EE), which relates to 
the level of how easy an application is to be used, social influence (SI), which is 
the perceived influence of others to use the technology and facilitating conditions 
(FC), the support of the organization towards the individual using the technol-
ogy. Complementing UTAUT, the Theory of Planned Behavior (TPB) predicts 
behavioral intent of individuals and the consequences of their behavior [43]. TPB 
has been built on three independent factors of intention, which are attitude (AT) 
towards the behavior and answering the question of whether the use of the tech-
nology will make a positive difference, subjective norm (SN), which investigates 
the perceived peer pressure to use a technology, and perceived behavioral control 
(PBC), which answers the question if the user has the appropriate tools to be 
successful. Those three independent factors of intention make up the believes of an 
individual which in turn drives their social behavior [43].

3.6 Trust as the Foundation of Economic Activity

While human trust is being exercised on the social and economic level, digital 
trust is being exercised on the crypto-technology level. The combination of both 
trust levels enables the development of novel business models. The increased 
demand in FSC transparency initiated a redesign of the food chain which is driven 
by trust attributes such as product quality and food safety [11]. Consumers are 
increasingly demanding a high level of product quality and safety and expect 
transparency about their food products, including information about provenance, 
suppliers, production, and transport conditions [2]. Trust has become a significant 
element of product quality and safety for which the focal firm is standing in with its 
brand to constantly ensure high standards. Consequently, agri-food firms need to 
provide food product related information with the objective to increase trust which 
could increase customer loyalty and which in turn offers the opportunity to convert 
one-time buyers to repeat buyers. Trust attributes in the FSC can be split into three 
categories: the metaphysical, chain transparency, and risk-related category [11] 
and can be used as a differentiator to enforce price premiums [44]. Examples for 
metaphysical, non-sensory credence attributes for the coffee industry are includ-
ing but not limited to coffee completely produced at the place of origin [45] and 
coffee that has been hand-picked or hand-picked exclusively by women [46]. In our 
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research we combine metaphysical and chain transparency trust attributes. Trust 
is also a central driver for achieving collaboration in vertical cooperation [46]. It is 
instrumental in managing the risk of cooperation problems in FSC [1]. In the FSC 
trust has the potential to reduce transaction costs while fostering cooperation [47]. 
Previous research has shown that trust has a positive effect on agricultural stake-
holder’s technology adoption efficiency [48].

4. Blockchain platform types

Blockchain is a decentralized and distributed digital ledger, enabling secure and 
trustful peer-to-peer transactions. It is the underlying technology for cryptocurren-
cies such as Bitcoin and also the basis for the tokenized economy, publicly referred 
to Web 3 [49]. The most prominent blockchains such as Bitcoin or Ethereum are 
public and permissionless.

BCT as it is being implemented today in agri-food supply networks can be 
viewed as an institutional technology as it is “a new institutional technology of 
governance that competes with other economic institutions of capitalism, namely 
firms, markets, networks, and even governments” [50]. BCT is revolutionizing 
governance and adhering to Williamson’s New Institutional Economics theory, BCT 
is an institutional technology [51, 52]. This applies to blockchain in vertically coop-
erated supply networks where provenance and track and trace solutions dominate. 
Blockchain in permissionless public networks potentially develop further into a 
general-purpose technology (GPT) with the outlook to fundamentally change the 
economy and society alike creating a new type of economy [53–55]. As the change in 
governance is key to our research, we will follow the institutional view of Davidson 
et al. and view BCT as an institutional technology utilizing aspects of the transac-
tion cost theory.

4.1 Blockchain technology

Blockchain is based on the distributed ledger technology (DLT), a constantly 
synchronized ledger distributed across locations and entities. As it comprises of 
various existing technologies that are, intelligently combined, creating a new 
technology It can be viewed as a meta-technology [56]. In addition to DLT, certain 
blockchain solutions have been designed to set up rules for transactions enabling the 
development of decentralized applications, smart contracts, and digital autonomous 
organizations (DAO). Smart contracts are software programs that are based on BCT 
with rules for automatically executed transactions based on a set of predefined con-
ditions that have to be met [57] whereas DAOs are a combination of several smart 
contracts executing on pre-determined business processes. Smart contracts in BCT 
can be seen as coordination mechanisms applying an institutional perspective over 
coordination [58]. A fungible token, the digital, alphanumerical representation of a 
physical asset such as a Bitcoin, is the simplest form of a smart contract. One of the 
key characteristics of blockchain is the decentralization of the network architecture 
enabling peer-to-peer transactions, which eliminates the need for a coordinating 
trusted entity. Trust is induced through the consensus algorithm, the ubiquitous 
visibility of transactions, the immutability of the data, and the anonymity of trading 
entities. The trust of the central authority is replaced by the consensus algorithm as 
transactions can only be executed when participants in the network approve them. 
The self-organizing peer-to-peer data-sharing technology operates without a central 
authority or intermediaries.
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Although BCT is not managed by a central authority BCTPT exist that provide 
for a centralization of control [39]. Three different platforms exist today: the public, 
private and consortium BCTPT. They are predominantly differentiating through 
access rights and their rights to read from and write into the ledger. What all BCT 
platforms have in common is the distributed ledger technology, peer-to-peer 
transaction capability, as well as a generic consensus mechanism. However, differ-
ent governance types apply to the BCTPT.

4.2 Public Blockchain platform

Decision-making in the way of verifying transactions in blockchain systems is 
performed through consensus. The consensus protocol ensures that participating 
entities agree on adding new transaction data to the blockchain replacing the central 
authority. In the public BCTPT consensus is typically achieved through the major-
ity of the participating entities utilizing for example the Proof of Work (POW) or 
Proof of Stake (POS) consensus algorithm. The public network is open for partici-
pation to everyone and everyone has access and visibility to the transaction data in 
the ledger, can verify transaction blocks, and participate in the consensus process. 
Nodes can be added by anybody without the permission of a central authorizing 
entity as the only requirement is an internet connection and a computer platform. 
This type of BCTPT is called permissionless as no permission from an authority is 
needed to participate in the network. Transaction data, once verified, is secure and 
immutable.

Governance of public blockchains combines decision-making processes with 
incentives to secure the long-term operation of the network. In public networks, 
which operate the POW algorithm that is being used with Bitcoin, miners receive 
incentives for finding the nonce (number only used once). The prospect of the 
rewards drives miner’s behavior to keep minting transaction blocks which are cryp-
tographically hashed to ensure the immutability of the transaction data. The nonce 
is used to calculate a block hash that meets specific requirements. The first miner 
who finds the nonce resulting in a valid hash for the block, receives cryptocurrency 
as a reward. The validity is being confirmed by the participating entities operating 
blockchain nodes. The combination of technical as well as economic effects account 
for the proper functioning of the network. POW and POS are well known consen-
sus algorithms that are being used in public BCTPT.

4.3 Private Blockchain platform

In a private BCTPT a single central authority is responsible for the decision-
making process and is therefore performing the governance task of consensus 
building. A single ruling authority is coordinating the permissioned access and 
verification of transactions. Private BCTPT are mainly used in enterprise environ-
ments. There, the central authority approves the access of entities that are permit-
ted to participate in the network. As the decisions are being made by a central 
authority network consensus remains in one hand. As a consequence, transactions 
are being verified much faster and transaction throughput can be much higher 
compared to public BCTPT.

4.4 Consortium Blockchain platform

The consortium BCTPT is also a permissioned technology such as the private 
type, as only authorized participants will be granted access to the network. In 
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contrast to the private platform the network is being controlled by a group of enti-
ties having equal voting rights and jointly operating and maintaining network and 
system technology. In contrast to private BCTPT, delegated participants perform 
the decision-making process, authorized to perform consensus building. The system 
is decentralized, and its aim is rather collaboration than competition between the 
participating firms. Cost savings, accelerated learning, and sharing risks are the 
top benefits organizations expect from a certain consortium according to a recent 
research conducted by Deloitte [59]. PBFT (Practical Byzantine Fault Tolerance) 
and PoA (Proof of Authority) are examples of consensus algorithms executed in 
private and consortium BCTPT.

5. Decentralized network governance

Corporate governance is the factual and legal regulatory framework of firms to 
exercise good corporate management practice. It combines control and monitoring 
activities while striving for adhering to the economic and social objectives as well 
as the interests of their stakeholders [60]. In general terms governance refers to the 
rules and processes of a control system that is used to manage and supervise how 
stakeholders interact within an organization, a firm, a state, or within an IT-based 
network. As such, governance can be seen as a form of regulation that supports the 
achievement of objectives [6]. The rules of governance coordinate decision-making 
processes between stakeholders. Governance systems provide for risk mitigation 
and are also implemented in digital ledger technologies such as blockchain [13].

In contrast to the neo-classical approach, transaction cost economics (TCE) 
assumes that human beings are not capable of making perfectly rational and logical 
decisions [61], although this has been implicitly presumed in previous studies [62]. 
Human’s decisions are limited by their cognitive abilities including but not limited 
to processing large amounts of data, their emotions, and the limited amount of 
time they have for making decisions without exploring all available alternatives 
or obtaining all relevant information which results in decision making based on 
incomplete information. Hence, humans are not able to make perfectly rational 
and logical decisions according to Herbert A. Simon’s theory of bounded rational-
ity [63]. As per TCE humans also act opportunistically, seeking to enforce their 
strategic objectives. Replacing human’s limited decision-making capabilities by 
information technology solutions has the potential to impact bounded rationality 
and opportunism.

Entering into contractual agreements with other firms is associated with costs 
which are defined as transaction costs. Transaction costs, as result of the coordinat-
ing activities, can be ex-ante, which are costs associated with information gathering 
and searching for the right partner and cost of negotiation and entering into a 
contractual agreement or ex-post, which are costs associated with overseeing the 
transactions according to the agreement and applying the necessary measures if 
the transactions deviate from the contractually agreed framework. As transaction 
costs deriving from bounded rationality and opportunism of contracting parties 
diminishes the integrity of contracts, transactions should be organized so “as to 
economize on bounded rationality while simultaneously safeguarding them against 
the hazards of opportunism.” [50]. To safeguard against the challenges of bounded 
rationality, opportunism and information asymmetry governance mechanisms are 
employed to maintain an orderly transaction process, reduce conflicts, mitigate 
problems to ensure profitable transactions.

Governance mechanisms can be described as reactions to incomplete knowl-
edge, uncertainty, dependence, and opportunism between firms [51, 64]. From a 
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TCE perspective trust and incentive are governance mechanisms [65]. Trust should 
safeguard against the risk of opportunism to ensure efficient coordination of 
transactions [65], whereas incentives are governance and control mechanisms used 
to coordinate the interests between principals and agents while at the same time 
reducing agency-related challenges [65, 66]. Firms determine on the governance 
type to benefit from the gains of cooperation and coordination [64, 67].

Governance processes can also be executed in decentralized networks without 
the need of a trusted central authority [48]. This is the key concept of BCT. As a 
trusted entity is missing, the network has to ensure that decisions are being made 
in such a way that while performing transactions and transferring an asset it has 
to be prevented that a digital copy of the asset is being transferred multiple times 
which refers to solving the so-called double spending problem [68]. The economic 
problem of double-spending has been solved in decentralized networks with the 
implementation of multiple nodes carrying identical ledgers where consensus 
mechanisms such as POW or POS apply. Blockchain as a software protocol enables 
a new governance infrastructure and its decentralized governance mechanisms 
involve multiple stakeholders rather than a single authority. Blockchain governance 
is a self-regulating system that is based on a digital IT network. Research on block-
chain governance is still scarce [69]. Until today, a generally accepted definition of 
blockchain governance has not yet been agreed upon.

Blockchain governance differs significantly from traditional corporate gover-
nance and can be seen as a new form of organizing collaboration between firms 
[70]. Lumineau et al. investigate blockchain governance from a meta-perspective 
and conclude that governance in blockchain can be viewed distinct from the tradi-
tional mechanisms of corporate both contractual and relational governance [68]. 
Contractual governance defines the control mechanisms and rules for enforcing 
legal contracts, relational governance addresses behaviors, the joint value system and 
prospects of future cooperation. The application of governance mechanisms for the 
verification of transactions is key to the operation to any blockchain network. Along 
the lines of Douma’s definition that “Corporate Governance is the system by which 
business corporations are directed and controlled” [71], control in different BCTPT 
exercised through governance mechanisms is an aspect of the governance type. 
Where the intensity of control in vertical coordinated FSCs moves along a continuum 
ranging from spot market to vertical integration, the blockchain continuum ranges 
from no control in public BCTPT to single control in centralized systems. The control 
intensity in productive partnerships is beneficial to farmers and processing compa-
nies alike [72]. Farmers in FSCs benefit from a level of control that its being exercised 
through contractual agreements that amongst other benefits secure their income, 
enables production planning, and education [73]. We therefore hypothesize that con-
trol in blockchain governance can be described as blockchain governance continuum 
framework. The continuum suggests that the intensity of control exerted is develop-
ing from no control at public BCTPT to truly centralized implementations with sole 
control by a single authority. The continuum has been summarized in Figure 1.

Despite the decentralized character of public BCTPT certain consensus pro-
tocols such as POW in public networks support centralization efforts, as miners 
could agree and collaborate to achieve a 51% share of all mining activities. With 
his behavior, false transactions could be verified despite the fact that decentralized 
networks should be safeguarded from manipulation.

5.1 Trust through consensus

In the economy trust is needed to utilize assets such as gold, shares, or Fiat 
money as a store of value. Pass et al. define the store of value as any asset that can 
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be converted back money with a positive difference between purchase and sell 
price [73]. Using money for transactions is based on a consensus in its role as store 
of value. Trust in an asset such as Fiat money, which is the most common store of 
value, is generated by the issuing central authority, which is typically an assigned 
entity in the country that manages money supply.

A major security and trust factor in BCT is the process which adds transac-
tion blocks to the blockchain. An algorithm ensures that the network consents 
on the chronologically sorted and constantly growing set of blocks. As part of 
this algorithm the specific consensus algorithm ensures that verification nodes 
agree on the validity of the block to be added. In a blockchain system transac-
tions are being verified according to the governance type that has been chosen 
to operate the decentralized network. BCT establishes trust by using consensus 
mechanisms for decision-making. The consensus-based verification process 
establishes the trust in the transactions and the incentives drive the behaviors of 
the stakeholders.

The consensus mechanism in BCT is an integral part of its architecture and has 
been embedded as a separate layer in the layered blockchain architecture. A simpli-
fied overview of the BCT architecture layers is presented in Figure 2. Consensus 
acts as a confirmation on the status of the network which leads to a subsequent 
update of all networked ledgers. The consensus mechanism is therefore the founda-
tion of the digital trust mechanism in BCT.

5.2 Consensus mechanisms in blockchain platforms

In our article we will analyze the governance types used by different BCTPTs 
and how the governance mechanisms affect coordination of the network. Decision-
making and economic incentives are governance categories both, in organizations 
and firms as well as in BCT [13].

Public and permissionless blockchains operate under the governance type of public 
consensus as transactions can be verified by any participating node. The access to the 
network is permissionless which allows everyone with a computer and an internet 
connection to join the public network. The consensus algorithms such as POW or POS 
also operate permissionless. As such, the governance categories as decision-making 
and incentives through consensus are driving the behavior of stakeholders.

Figure 1. 
Framework blockchain governance continuum.
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In private BCTPTs the consensus is coordinated by a single central authority.  
The consensus algorithms deployed in those platforms therefore differ from 
those of public BCTPTs. Examples for consensus engines in private networks are 
Tendermint or Practical Byzantine Fault Tolerance (PBFT). They predominately 
ensure that transaction blocks are chronologically stored on each participating 
node. The governance type in private BCTPTs is reverted back to single manage-
ment of transactions.

The governance type used with consortium BCTPTs differs slightly from that 
of private ones. The key difference is that the consensus is coordinated by a few, 
assigned entities who are authorized to perform governance related tasks. Same 
consensus engines are used as in private BCTPTs. As a result, different governance 
mechanisms apply for the three BCTPTs.

While public blockchains permit any entity to become stakeholder and par-
ticipate in the network governance, permissioned blockchains such as private and 
consortium BCTPT are lacking the governance mechanism attributes of public 
consensus and incentive as either a single authority or a few pre-determined 
stakeholders are managing the consensus algorithms with permission. As a result, in 
private and consortium BCTPT the majority of the stakeholders are excluded from 
contributing to achieving consensus on transactions and on the state of the block-
chain network. As a consequence, alternative governance mechanisms need to be 
applied in private and consortium BCTPT as consensus and incentive mechanisms 
are no longer available as governance attributes.

5.3 Off-chain vs. on-chain governance

As part of corporate governance, stakeholder management is being tasked to bal-
ance the different interests and motivations of stakeholders. The theory is based on 
the concept of a hierarchical organized enterprise. Although a blockchain network 
has different stakeholders the objective of blockchain governance is the same: to bal-
ance the interests of stakeholders. Katina et al. conclude that blockchain governance 
is based on three pillars which are direction, oversight and accountability where 
consistent decision-making is an attribute of direction, control of the system an 
attribute of oversight, and performance regarding the monitoring of resources and 
the system that of accountability [74]. The objectives of stakeholder management 

Figure 2. 
Layered blockchain architecture.
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are similar in centrally coordinated and decentralized networks. However, different 
stakeholders are acting in both network types, further also depending on the chosen 
BCTPT. In selecting a blockchain governance type it is vital to analyze the various 
stakeholders involved in the network, the incentives that can be achieved, and the 
coordination of the stakeholders to conclude on valid transactions.

Blockchain stakeholders include but are not limited to contributors, steering 
board members, software developers, miners, platform operators, and users. 
Contributors are engaged in the funding of blockchain projects taking also a consul-
tative role. Their incentive is the initial stake that they hold in the venture. Members 
of the steering board are consulting and collectively deciding on the future direc-
tion of the BCT. Their incentive is the potential gain of their stake in the network. 
Software developers are hardcoding rules for the BCT protocol. Other than a 
contractual relationship and potentially an early stake in the technology there is no 
incentive mechanism in place for them. While the consensus mechanism represents 
the DNA, miners represent the heart of the network. They ensure a constant flow 
of transactions that need to be verified. As incentive they receive either transaction 
fees or block rewards for hashing a transaction block. Node operators participate in 
the verification of transactions and benefit from the collectively gathered and dis-
tributed transaction fees. Platform operators are responsible for the provision of the 
IT infrastructure blockchain applications are running on and users are stakeholders 
that create transaction data and use the blockchain to achieve economic gains. Users 
pay for the transactions they initiate and for the use of the network service. Users 
are also adding data as agents of the principal that has tasked them to do so.

Decisions relating to transactions and to the operation of the network can take 
place off-chain on a social level where decisions impact the architecture, software 
code, processes, and consensus mechanisms in the blockchain as well as on-chain 
on a technical level where pre-coded algorithms that are implemented in the 
blockchain protocol perform tasks according to the predetermined rules. Both, the 
scientific and public literature describe on- and off-chain governance differently. As 
no common definition exists, we propose the following wording:

“Off-chain governance refers to the rules and decision-making processes, the 
communication between the involved stakeholders and the future development of 
the blockchain code. On-chain governance refers to the software-coded algorithmic 
enforcement of rules in the decentralized network concerning changes to the block-
chain protocol, block verification, decision-making, and reward mechanisms.”

For the purpose of this research, we focus on off-chain governance mechanisms 
as the objective of the research is to analyze how, in the absence of mass consensus 
mechanisms, the consensus mechanism is being compensated for in private and 
consortium BCTPT through a stakeholder management approach.

6. Technology adoption research model

Coffee supply networks are strategic networks and both private and consor-
tium BCTPT are supporting the supply chain management. Based on UTAUT 
and TPB we have constructed a model to analyze the intent of users in the coffee 
supply network towards BCT adoption to predict the individual behavior of the 
stakeholders. Our proposed model combines principles of technology adoption, 
economics, and social psychology to investigate the behavioral intention of 
individual stakeholders to adopt BCT.
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UTAUT serves as a basis of the proposed model from which we selected the three 
appropriate parameters PE, EE, as well as FC, which have been supplemented by 
two additional parameters from PBT, namely AT and PBT. Not all parameters from 
UTAUT and TPB are applicable to the case study, and we argue why we exclude 
certain aspects. Theory on technology adoption suggests that older people and 
women are more sensitive towards social influences [41] and only in the early phase 
of technology usage as well as in mandatory settings there is significant evidence 
that the opinion of peers influence subjective norms as a determinant of behavioral 
intent [75]. There is also still a lack of understanding about the user acceptance or 
rejection of IT [76]. Consequently, we exclude the determinant subjective norm from 
TPB when building our proposed model. From UTAUT we excluded the parameter SI 
because according to Venkatesh it only fits a small target group and could potentially 
dilute the result [41]. The factor attitude is a key determinant of behavioral intentions 
and directly influences usage behavior [75]. Attitude plays a key role in the adoption 
of information technology. We propose the following model which should accurately 
predict FSC stakeholders blockchain technology adoption behavior (Figure 3).

7. Case study

Solino Coffee Products (Solino) is partnership under German law [44]. Coffee 
products are being produced completely in Ethiopia shifting major parts of value 
creation to the country of origin. Tasks include sourcing, roasting, packaging, 
labeling, and coordinating the transport to its German distributor. The business 
challenge was to provide trusted information about the coffee products in the 
supply chain in their quest to further increase customer loyalty as consumers are 
increasingly asking producers to make the supply chain processes more transparent 
to them; at present, this applies especially to the provenance information about 
the products sold. Solino is one of the first firms in the coffee industry that started 
their BCT implementation in 2018 while it is progressively adding more function-
ality to the supply chain. Every stakeholder of the Solino supply chain who adds 
data and value to the business process adds their data to the distributed ledger. In 
the case of coffee, smallholders, collectors, or cooperatives enter data about the 
date of harvest and where the coffee was harvested. Further information about 
the transfer of goods, roasting, and shipping are being recorded in the blockchain 
ledger. BCT provides benefits for both sides: Solino provides consumers with 
access to provenance information while the management of Solino is transparently 
monitoring their supply chain activities: from harvesting to roasting and shipping 
to Hamburg.

Figure 3. 
Proposed theoretical blockchain technology adoption model (source: Authors, based on Ajzen, 1991 [41]).
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Solino has chosen a normative stakeholder management approach for their busi-
ness operations in Ethiopia. The company and its stakeholders are jointly striving 
towards creating the majority of added value in the country where the raw material, 
the coffee cherries, originates. The interests of the stakeholders are dominating 
the business conduct rather than focusing on the economic rent of the firm. This 
approach emphasizes morals and ethical conduct while displaying a high degree of 
corporate social responsibility (CSR).

8. Results and discussion

We analyzed governance types and consensus mechanisms in public, private, 
and consortium BCTPT answering the first research question. It was demonstrated 
that public BCTPT permits any entity to participate in the network governance and 
transactions can be validated by every participating entity. Governance is exercised 
through public consensus mechanisms. Permissioned blockchains such as private 
and consortium BCTPT are managing the consensus algorithms with permission. 
The governance mechanism attributes of public consensus and incentive are not 
available for users of those BCTPT. As a result, in private and consortium BCTPT 
the majority of the stakeholders are excluded from contributing to the state of the 
blockchain network which answers the second research question. The corporate 
governance model applies to those BCTPTs.

Blockchain is a network developed and maintained by humans. Motivational 
psychology describes the two stimuli of humans’ behavior which can either be 
extrinsic or intrinsic. Motivational psychology describes the two stimuli of humans’ 
behavior which can either be extrinsic or intrinsic. In the absence of governance 
mechanisms extrinsic or intrinsic motivation factors need to be in place so that 
humans get incentivized to contribute to the operation of the network. Extrinsic 
motivation refers to the achievement of an objective that is driven by a reward 
despite the fact that the individual does not prefer to perform the action. It is there-
fore instrumental as the result is separated from the objective. Intrinsic motivation 
is stimulated from within the individual because the behavior exercised is naturally 
rewarding and satisfying.

Off-chain governance in private and consortium BCTPT is exercised through 
the stakeholder management approach. In order to understand how the stakeholder 
management approach impacts use behavior of stakeholders towards adoption of 
blockchain technology in the absence of permissioned consensus mechanisms we 
conducted on online-survey with blockchain users of Solino Coffee. In response 
to our third research question that asks for the factors that impact the adoption of 
blockchain technology by stakeholders in the coffee supply chain we developed 
a blockchain technology adoption model and interviewed stakeholders in the 
upstream coffee supply chain including coffee roasters, packing specialists, quality 
managers, as well as logistics managers. We addressed research questions of how 
these factors impact coffee supply chain performance by unveiling that normative 
stakeholder management obviously positively influences technology adoption 
behavior. Our findings further unveil that close ties between management and 
stakeholders positively influence behavioral intentions and subsequently the usage 
behavior of stakeholders towards blockchain technology adoption. Our findings 
suggest that the application of a normative stakeholder management approach 
coincides with strong positive behavioral intentions and strong positive usage 
behavior and ccompensates for the lack of consensus mechanisms in private and 
consortium BCTPTs. Our findings express a consistently high level of the attitude 
factor amongst stakeholders in the upstream portion of the supply chain towards 
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adopting BCT. Stakeholders view the adoption of BCT as a critical success factor 
which affect them personally as the use of BCT will make a positive difference in 
their job and future career development. In addition, stakeholders strongly confirm 
through the PBC and FC factors that the enterprise is providing the appropriate IT 
tools to be successful. Stakeholders exercise a high belief in the technology to sup-
port them in achieving their individual job objectives. The results of the interviews 
also highlight the importance of EE which refers to the ease of use of the application 
that is driving the behavioral intention. AT and PBC are the strongest influencers 
of behavioral intentions which drive usage behavior. As per our model, attitude is 
directly impacting behavioral intentions as well as usage behavior which are key 
determinants of adopting IT technology. AT and PBC factors strongly impact BCT 
adoption behavior of stakeholders the agri-food supply chain. PE, EE, and FC 
conditions also impact the adoption but with a less strong characteristic. We also 
found that PE, EE, FC, PBC, and AT positively influence the usage of BCT in the 
coffee production process independent of age, gender, job function, and profes-
sional experience. We conclude that BCT adoption has a mediating role and is one 
of the key factors affecting supply chain performance.

We admit that the chosen research methodology has certain disadvantages 
including but not limited to the single case study, the data obtained through 
interviews and that the findings can only be applied to this specific case. As BCT 
is a novel technology, research on adoption of BCT by stakeholders in the supply 
chain has just provided some preliminary and limited research to date examining 
this topic. In order to overcome this shortfall, in addition to the case study we have 
conducted interviews with industry experts with experience in similar implementa-
tions with the objective to scale our single case study findings.

9. Conclusion

This article investigated how consensus mechanism is being compensated for 
in private and consortium BCTPT through a stakeholder management approach 
impacting stakeholder’s use behavior towards the adoption of blockchain technology. 
The results show that permissioned blockchain governance mechanisms with stake-
holder consensus and incentives implemented to motivate network stakeholders are 
lacking in private and consortium blockchains. The blockchain technology platform 
types are exercising different governance types with associated consensus algorithms.

We combined secondary and primary research to find evidence that the choice 
of a normative stakeholder management approach can replace the blockchain 
governance in private BCTPT, thus positively influencing the behavioral intentions 
of stakeholders and subsequently their usage behavior towards blockchain technol-
ogy. It has been shown that the lack of blockchain governance in private BCTPT is 
compensated for by intrinsic motivational factors. This study closes a research gap 
as understanding how the stakeholder management approach can compensate for 
the lack of consensus mechanisms can provide managerial guidance towards the 
development of an effective stakeholder management strategy, which eventually 
can provide for a competitive advantage.

Considering that the research is based on a single use case, the individual 
circumstances need to be taking into account when applying the results to other 
supply chains. The decision on the most beneficial governance type needs to be 
carefully analyzed on a case-by-case basis.

We acknowledge that our study has some limitations as it is based on a case study 
which is subject to individual interpretation of the authors. We mitigated this short-
fall by adding qualitative data about a similar case study. The blockchain technology 
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Abstract

The research was conducted to investigate the production of value-added tea as part 
of the resuscitation of Tshivhase-Mukumbani Tea Estate. Data were mainly obtained 
from records kept at the Tshivhase-Mukumbani Tea Estate, through a review of litera-
ture and interviews of the selected respondents. Evaluation of economic viability of 
the value-adding initiative was based on Net Present Value (NPC) and the Benefit-Cost 
Ratio (BCR) calculated from time-series data obtained for the period 2005–2012. The 
quantity of value-added tea produced varied across years, geographical locations, and 
seasons, with production higher for wetter seasons. The NPV was consistently nega-
tive, while the BCR was below unity throughout the study period, implying that the 
value-adding initiative was economically not feasible. Initiatives for achieving economic 
sustainability of the value addition were (1) Improve the marketing of the made tea 
brand Midi Tea as organic and longer shelf life. (2) Good labor contracting management 
practices to deal with labor disputes and unrest. (3) Good supply chain and procure-
ment management practices to reduce the cost of production (4) Monitoring the impact 
of climate variability and mitigate by providing irrigation (5) Intercropping tea with a 
suitable winter yielding crops such as avocadoes or Macadamia.

Keywords: value-adding, economic viability, Tshivhase-Mukumbani tea estate, 
benefit–cost ratio, net present value

1. Introduction

The historical background of tea production in South Africa has been in the World 
of Tea [1]. The narrative indicates that the first time tea was grown was in Durban in 
the year 1850. The material used for the first planting was imported from London’s 
Kew Gardens. It was only 27 years later that commercialization was emphasized. 
With the experience of the growers, production was made steady only after the 1960s 
[1]. Market-oriented tea production in South Africa started in 1964 and the industry 
was supported by the government and later Industrial Development Corporation 
(IDC) as one of the “mass employers in the rural areas” and the strategy worked with 
absorption rates of over 1000 workers on a 500-hectare farm. The effect of democracy 
in 1994, globalization, and SADC Trade Protocols on agribusiness enterprises was 
massive and left many agribusinesses battling to remain profitable [1, 2].
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The main challenges were high worker minimum wage rates; no protection 
against tea imports from SADC; high production cost structure (due to labor wages, 
electricity, and inputs costs); the strong brand against the US Dollar; and land claims 
on tea estates [3].

Value addition and integration of tea production were then adopted by the 
Limpopo Department of Agriculture in 2006 as a strategy to revitalize the Limpopo 
Tea Estates [3]. It was an understanding that the extent of the economic viability 
of the tea business enterprise was going to be influenced by activities performed 
along the value chain [4]. The thinking has been that by introducing value-adding, 
business enterprises would be able to increase the revenue and overall profitability 
of their products [5, 6]. Based on the studies conducted [7–9] indicated that agri-
cultural value-adding initiatives have been recognized as a way of assisting busi-
ness enterprises to understand the shocks brought about by globalization. Factors 
influencing commoditization of agricultural products include increasing consumer 
demand for convenient, ready to eat, safe, and nutritious food products and will-
ingness to pay premium prices for such value-added products [10, 11].

The Tshivhase-Mukumbani Tea Estate adopted the concept of integrated value 
addition in 2009. This was given impetus by the building of infrastructure inclusive 
of the erecting of the tea processing plant. Black tea was locally processed, branded, 
and packaged resulting in the production of the Midi Tea range comprising Midi Gold 
Tagged, Midi Tag-less tea bags, and Midi loose tea. The focus of this study was to 
investigate: (a) to establish the production trends prevailing at Tshivhase-Mukumbani 
Tea Estates under rainfed conditions, (b) the extent to which value-adding imple-
mented by Tshivhase-Mukumbani Tea Estate was economically viable, and (c) 
considerations for improving the economic viability of the value-adding initiative.

2. Methodology

2.1 Study area

2.1.1 Location

The Tshivhase-Mukumbani Tea Estate is located in the Thulamela Municipality of 
Vhembe District under Limpopo Province of South Africa (Figure 1). The tea estate is 
comprised of the Tshivhase Farm located at 30.314: 30.367 E and − 22.968: −22.994 S 
and the Mukumbani Farm located at 30.386: 30.437 E and − 22.904: −22.940 S. The 
road (Route R523) connecting Thohoyandou with Makhado Town cuts through 
the Tshivhase Farm with a major portion of the farm on the south of the road while 
Mukumbani Farm lies on the north of this road.

The road serves as strategic transportation infrastructure for the Tshivhase-
Mukumbani Tea Estate. Although tea production at the Tshivhase Farm is rainfed, 
this portion of the estate lies adjacent to the Vondo Dam, a strategic water reservoir 
in the Mutshindudi River that supplies water to Thohoyandou and neighboring 
areas. Production at the Mukumbani Farm is dependent on some supplementary 
irrigation from the small dam located on the west of this portion of the estate.

2.1.2 Climate

2.1.2.1 Rainfall

Rainfall and temperature are important climatic factors for optimum production 
of all crops, including tea. Annual rainfall of 2500–3000 mm is considered optimum 
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for tea production, and the minimum requirement is estimated at 1200 mm [12]. 
Other than total rainfall received, the distribution of the rainfall is an important 
determinant of the optimum yield of tea. The annual rainfall at Tshivhase-
Mukumbani Tea Estate was 1758.0 mm, well above the minimum requirement for 
tea production. The distribution of the rainfall was rather uneven (Table 1). The 
Tshivhase- Mukumbani Tea Estate is situated in a micro-climatic area.

Figure 1. 
Location of Tshivhase-Mukumbani tea estate in Vhembe District under Limpopo Province of South Africa 
(source: GIS unit, Limpopo Department of Agriculture and Rural Development).

Month Mean monthly 
rainfall (mm)

Mean monthly 
rainfall (% of 

annual)

Mean quarterly 
rainfall (mm)

Mean quarterly 
rainfall (% of 

annual)

January 340.0 19.3 898.0 51.1

February 327.0 18.6

March 231.0 13.1

April 90.0 5.1 157.0 8.9

May 41.0 2.3

June 26.0 1.5

July 31.0 1.8 126.0 7.2

August 31.0 1.8

September 64.0 3.6

October 120.0 6.8 577.0 32.8

November 193.0 11.0

December 264.0 15.0

Annual 1758.0 100.0 1758.0 100.0

Source: Climate records, Tshivhase-Mukumbani tea estate.

Table 1. 
Rainfall distribution at Tshivhase-Mukumbani tea Estate in Vhembe District under Limpopo Province of 
South Africa.
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The rainfall distribution patterns in this area are above normal, in other words, 
this area receives more than 1750 mm per annum [13]. The rainfall records con-
curred with the studies conducted by the Agricultural Research Council [13] in 
2006. It was noted that half (51.1%) of the rainfall at Tshivhase-Mukumbani Tea 
Estate was received in the first quarter (January to March) of the calendar year. 
This followed one-third (32.8%) of the rainfall received in the preceding quarter 
(fourth quarter, October to December). The second (April to June) and third (July 
to September) quarters of the year shared the remaining 16.1% of the rainfall. 
Improvement of soil moisture for increased tea production at the Tshivhase-
Mukumbani Tea Estate may be achieved through introduction (Tshivhase Farm) or 
improvement (Mukumbani Farm) of irrigation.

2.1.2.2 Temperature

The ideal temperature for tea production is 18–25°C with a minimum recom-
mended temperature of 13°C (average for the coldest month) and a maximum 
of 30°C (average for the warmest month) [12]. Temperatures at Tshivhase-
Mukumbani Tea Estate are lower in winter, and these result in tea plants becoming 
dormant. Excessively high summer temperature may result in wilting of tea leaves, 
especially at the Tshivhase Farm without irrigation. Not much can be done to 
change the temperatures for tea production at the estate.

2.2 Research approach

The mixed methods research approach was chosen for its flexibility to combine 
the attributes of both quantitative and qualitative methods [14]. The multi-methods 
procedures have the advantage of enlarging the choice of and expanding the 
investigator’s understanding of any study. Researchers [15, 16] defined a quantita-
tive approach as an inquiry into a social or human problem based on testing a theory 
made up of variables, measured with numbers, and analyzed using statistical 
procedures to determine whether the predictive generalizations of the theory hold 
true. On the contrary, the qualitative approach was referred to as an inquiry process 
of comprehending a social or human problem or phenomenon based on building a 
complex holistic picture formed with words. It also helps to capture detailed views 
of informants, which are collected in a local familiar situation [15, 17].

2.2.1 Sampling and data collection

The study employed purposive sampling to select the individuals who had 
deeper knowledge about overall management and the introduction of value-adding 
in the tea estate. In that regard, top managers of the tea estate were selected for the 
study, and those included: the General Manager, Farm Managers, Manager of Value 
Adding Facility (tea factory), Financial Manager, and Marketing Manager. The 
selection of these managers was important for both expert and local knowledge to 
be sourced as this was necessary to respond appropriately to the challenges experi-
enced by the tea estate [18, 19].

As guided by the study on improved competitiveness of the tea industry in 
South Africa [20], data was mainly obtained from records kept at the Tshivhase-
Mukumbani Tea Estate, through a review of literature and interviews of the 
selected respondents. The literature review focused mainly on scientific journals 
and books, while interviews focused on the selected managers of the tea estate. Both 
quantitative and qualitative data were collected, hence, the research method was 
described as mixed [16, 21].
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2.2.2 Analytical technique

To determine the status regarding the economic viability of the value addi-
tion initiative, the Net Present Value (NPV) and Benefit–Cost Ratio (BCR) were 
used. An initiative or project is considered financially viable when the NPV is 
positive and the BCR is greater than unity [22]. To determine the NPV for the 
value-added Mukumbani-Tshivhase Tea Estate, the cash flow was determined by 
deducting the Cash Outflow from the Cash Inflow to obtain the Net Cash Flow 
(NCF), and that (NCF) was discounted. Discounting may be described as the 
opposite of compounding [23]. The standard models for determining NPV and 
BCR are as follows:

1. The Net Present Value (NPV)

 ( )
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2. The Benefit–Cost Ratio (BCR)
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Where:
Bt = Benefits in year t.
Ct = Costs in year t.
n = Number of years the initiative or project will be under operation.
i = Discount rate.

3. Results and discussion

3.1 Tea production trends at Tshivhase-Mukumbani since revitalization in 2006

The Tshivhase tea project was projected to be sustainable under a fully inte-
grated strategy where the enterprise was able to package black tea, market, and 
distribute it for retail and wholesale market outlets. The diagrams in this section 
seek to depict the impact of yearly and seasonal variation since the rehabilitation of 
the tea estates in 2006.

3.1.1 Annual trends in tea production parameters

3.1.1.1 Trend in green leaf production (kg) in Tshivhase and Mukumbani estates

Figure 2 shows the trend in green leaf production (Kg) in Tshivhase and 
Mukumbani estates from 2007 to 2013. Tshivhase estate (TTP) is bigger in size of 
577 ha compared to Mukumbani which is 500 ha. The decrease in the production 
of green leaf in 2011–2012 was due to an industrial strike that started in September 
2011 and ended in June 2012. Production of the green leaf then picked up slowly 
from October 2012 onwards. The size of the estate in a large part explains the large 
differences of 371,729 kg in 2007–2008 financial year to 827,803 kg in 2010–2011 
financial year green leaf production between the two estates. Within the industry 
domain, there has been a school of thought to the effect that competitiveness is 
higher in estates compared to smallholdings.
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The challenge with small farms is that they do not have the advantage of the 
processing profits of made tea that accrue to big estates as small farm’s activities end 
in the harvesting of green leaves. The second school of thought is to the contrary, 
advocating for small farms on the basis that there tends to be a higher output per 
workday and higher land competitiveness per unit of area. For tea to be profitable 
efforts should be to ensure a model that led to processing and or any value-adding 
especially where smallholder farmers are involved. The model should be coupled 
with a strong and efficient advisory system with appropriate factory infrastructure 
for processing the green leaves [24–27].

3.1.1.2 Trends man-days in Tshivhase (TTP) and Mukumbani (VM) estates

Central to the production of green leaf is the demand for labor to do the 
plucking for processing. Figure 3 indicates the annual estimated labor per unit 
in Tshivhase (TTP) and Mukumbani (VM) estates from the year 2007 to 2013. 
The trend follows the same pattern as that of Figure 2, mainly because these 
are the number of days that a labor force equivalent to 12 people per hector is 
deployed to pluck the tea, weed, clear the bushes table, and all other labor-
related activities. The labor force in Tshivhase is always higher than that of 
Mukumbani which also relates to the size of the estate as indicated in Section 
3.1.1.1. There seems to be a consensus that the workday requirements and the 
labor per unit of area is the central measure on which to improve the competi-
tiveness of tea enterprises.

It should be indicated that these measures of efficiency will vary from one 
nation to the other, region and continents. Technologies being introduced to the 
industry also create a variation worth registering through the introduction of 
computer programming [27].

3.1.1.3  Trends in green leaf production in (kg) per labor unit in Tshivhase (TTP) 
and Mukumbani (VM) estates

The trend indicated in Figure 4 is the amount of green leaf produced per day per 
worker. Tshivhase Tea Estate had higher production per labor unit as follows: 10.16 
in 2007–2008, 3.82 in 2008–2009, 5.55 in 2009–2010 with very little differences 

Figure 2. 
Annual green leaf production in (kg) in Tshivhase (TTP) and Mukumbani (VM) estates from the year 2007 
to 2012.
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in the other years except a marked difference in 2012–2013 of 13.94 higher for 
Mukumbani compared to Tshivhase. The production of the green leaf at Tshivhase 
and Mukumbani per day per worker was lower compared to other countries. The 
recorded figures that were also developed in trends over the years show an amount 
of 36 kg green leaf per day per worker. The average green leaf produced per day 
per worker was found to be about 24 kg in India and private estates in Sri Lanka. 
The values were far less when compared to between 40 to 50 kg per day per worker 
recorded in Kenya. Higher values were recorded in Zimbabwe to as high as 68 kg per 
day per worker [2, 28].

Due to shortages of labor, there has been an attempt to introduce novel labor 
schemes and mechanical harvesters especially in periods with high leaf volumes. 
The biggest disadvantage has been its effect on the leaf quality that will yield 
extremely poor made tea despite its effect on the savings on labor [26, 27].

Figure 4. 
Annual average green leaf production in (kg) per labor unit in Tshivhase (TTP) and Mukumbani (VM) 
estates from the year 2007 to 2012.

Figure 3. 
Annual estimated man-days in Tshivhase (TTP) and Mukumbani (VM) estates from the year 2007 to 2012.
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3.1.1.4 Trend in minimum wage for both Tshivhase and Mukumbani

Tea production is a land-intensive and a labor-intensive enterprise. Both these 
factors of production especially labor is now scarce and costly. Labor at Tshivhase 
and Mukumbani was governed by the South African Sectorial Determination 
(minimum wage). The minimum wage increased from R885.00 in 2007–2008 
financial years to R2274.84 in 2014 (Figure 5). The percentage increase was zero in 
2007 to 51 percent in 2013 2014 financial year. Subsequently, government interven-
tion on labor led to an increase of 61 percent over a period of 7 years. It is worth 
noting that workforce requirements should be based on competitiveness levels 
for existing tasks. For Tshivhase and Mukumbani new cost-effective norms must 
be established. Due to the increase in the minimum wage, there may be a need to 
reduce the man-days per labor unit from 12 to eight in order to hire less labor for the 
activities at hand. When that happens and labor competitiveness improves, there 
will be savings on labor which, in turn, will have a salutary effect on the cost of 
production [2, 28, 29].

3.2  Value-added tea production at Tshivhase (TTP) and Mukumbani (VM) 
estates

3.2.1  Trends in made tea production in (kg) in Tshivhase (TTP) and Mukumbani 
(VM) estates

Figure 6 shows the production trend of made tea which is green leaf processed 
into black tea. The highest production figures were in the year 2010–2011 with 
Tshivhase at 884064 kg and Mukumbani at 625767 kg. This was followed by the 
years 2008–2009 which recorded the figures of 739,788 at Tshivhase and 534,286 
at Mukumbani and 2009 and 2010 years with records of 760,729 at Tshivhase and 
525,303 at Mukumbani respectively. The lowest production was in 2006–2007 at 
the start of the rehabilitation and the 2011–2012 due to the industrial strike. The 
standards set by the tea industry are that the factory requires at least 4.5 kg of green 
leaf to process 1 kg of tea. The challenge in many parts of the world is that the land 
in the amount of made tea that can be produced. The processing methods also create 
a variation in the amount of made tea from green leaves [25].

Comparison between the CTC (cut, tear, and curl) and the orthodox method 
shows that the CTC gives more cups of tea and quick brewing than the orthodox 
method. This has led to the shift in processing methods to CTC at the ratio of 85:15 

Figure 5. 
The annual minimum wage with associated percentage increase factored by 10 from the year 2006 to 2013 for 
both Tshivhase and Mukumbani.
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in India, 10: 90 in Sri Lanka, and 100 percent in Bangladesh. The competitive 
advantage of a shift into CTC is that labor requirement is half that of the orthodox 
method across all types of tea estates [25–27].

Annual quantities of made tea, production was the lowest at 60753 kg in 
2006/2007, and this was probably due to the fact that the tea scrubs had to recover 
from the shock of having been neglected in previous years. The annual produc-
tion of made tea continually increased up to 2010/2011 cycle with a maximum of 
1509 831 kg recorded, followed by a decline in 2011/2012 cycle and some increase 
in 2012/2013 (Figure 6). In the 2011/2012 cycle, the estates experienced major 
labor unrest which cause a decline in the production of made tea. The experience 
of the tea estate management (R.W. Topham - personal communication, June 
06, 2016), the tea estate had the potential to produce up to 2 million kg of made 
tea per annum (about 1 million from the Tshivhase Farm and 1 million from the 
Mukumbani Farm).

3.2.2  Seasonal production in (kg) of made tea in Tshivhase and Mukumbani tea 
estates

The ultimate income to any tea estate is the amount of made tea after process-
ing. Figure 7 shows the production of made black tea as influenced by seasonal 
variations. The pattern on the monthly variations follows the same trend as that 
of green leaf production. Due to the lag that occurs between when the first leaf 
is picked to production and the logistic of processing that takes only at the most 
2 days the data recorded shifts by almost a month. Made tea is lowest in produc-
tion in July August and September. Made tea is also highest in December, January, 
February, and March. The only year where there was minimal black tea made was 
2006–2007.

The lowest quantity (11,991 kg) of made tea was in the months of spring (July 
to September) of the year (Figure 7), probably a result of the fact that rainfall was 
the lowest (126 mm, 7.2% of annual rainfall) during this season (Table 1). This had 
an impact on the yields and ultimate quantity of made tea produced. An increased 
amount of rainfall (577 mm, 32.8% of annual) was received in the summer season, 
and this was followed by an increased production (212,880 kg) of made tea. As the 
rainfall continued to increase (898.0 mm, 51.1% of annual) in the summer of the 
following year, so was the production of made tea (462,073 kg). The production of 
made tea fell in the second quarter as the rainfall declined.

Figure 6. 
Annual made tea production in (kg) in Tshivhase (TTP) and Mukumbani (VM) estates from the year 2006 
to 2013.
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3.2.3 Net present value

The NPV is the difference in the present value of cash inflows and the present 
value of cash outflows and is used in capital budgeting to analyze the profitability 
of a projected investment (Firer et al., 2012). A project is considered economically 
viable when the NPV is positive [22, 30]. The NPV for Tshivhase-Mukumbani Tea 
Estate was consistently negative throughout the study period (Table 2). The NPV 
fluctuated showing a decrease (becoming more negative) from 2005 to 2008 after 
which it increased (became less negative) to 2010 and again decreased to 2012. For 
the whole study period, the NPV was highly negative (− R153 530,525–70) and this 
implied that the value-adding initiative was economically not feasible [22, 31, 32].

3.2.4 Benefit–Cost ratio

The BCR is a ratio attempting to identify the relationship between the cost and 
benefits of a proposed project, [22]. The BCR for Tshivhase-Mukumbani Tea Estate 

Figure 7. 
Monthly production made tea in (kg) from 2006 to 2014 across Tshivhase and Mukumbani tea estates.

Year Total cost (R) Revenue (R) Discount factor (12%) Net present value

2005 3,416,481.0 46,900.0 0.12 −3,374,606.00

2007 8,275,029.0 100,038.0 0.12 −8,195,279.32

2008 29,764,438.0 382,293.0 0.12 −29,492,329.39

2009 36,856,647.0 18,946,979.0 0.12 −24,815,499.31

2010 22,777,283.0 20,053,808.0 0.12 −11,398,213.78

2011 46,401,574.0 19,145,523.0 0.12 −36,701,856.22

2012 48,561,787.0 19,916,129.0 0.12 −39,552,741.67

Total 196,053,239.0 78,591,670.0 −153,530,525.7

Source: Financial records, Tshivhase-Mukumbani tea estate.

Table 2. 
Net present value for Tshivhase-Mukumbani tea estate for the period 2005 to 2012.
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was less than unity throughout the study period (Table 3). For the period 2005 to 
2008, the BCR values recorded were much less (BCR <0.05), suggesting that much 
less benefits were derived for the value-adding investment during this period. 
The situation improved for the period 2009 to 2012 (0.4 < BCR < 1) although the 
BCR remained less than unity. The fact that the BCR was less than unity implies 
that the value-adding activity at Tshivhase-Mukumbani Tea Estate was economi-
cally unfeasible. The result of the BCR analysis supports that of the NPV analysis, 
and this confirms that the value-adding initiative at the tea estate understudy was 
economically unfeasible. The findings from the economic analyses suggest that the 
Tshivhase-Mukumbani Tea Estate should consider revising its strategies if it wants 
the investment in value-adding initiatives to be economically feasible.

3.3 Essential strategies for achieving economic feasibility

Considering the model used to determine the NPV and that for BCR, achievement 
of economic feasibility (a positive NPV and BCR > 1) requires an increase of revenue 
and/or a decline of total costs. Revenue is a product of Quantity of produce and Unit 
price while total costs are comprised of establishment, fixed, and variable costs.

3.3.1 Quantity of tea produced

The quantity of tea produced at the Tshivhase-Mukumbani Tea Estate was highly 
influenced by such issues as moisture availability and production management.

3.3.1.1 Increase supply of soil moisture

The quantity of processed tea produced at Tshivhase-Mukumbani Tea Estate was 
highly influenced by rainfall and its influence on moisture availability. The rainfall 
in the area was less than the 2500 mm-3000 mm required for optimum production 
[12], and this resulted in a reduced quantity of tea produced. Increasing the supply 
of soil moisture through irrigation would therefore result in a rising yield of tea 
leaves and subsequently increased quantity of value-added tea. Such an irrigation 
initiative could be introduced at the Tshivhase Farm while more water could be 
availed for the current supplementary irrigation at Mukumbani Farm. The initiative 
of increasing soil moisture supply through irrigation would need to be considered 
for the warm months of the year when temperatures are suitable for tea growth. In 

Year Total cost Revenue Discount factor (12%) BCR

2005 3,416,481.0 46,900.0 0.12 0.013727575

2007 8,275,029.0 100,038.0 0.12 0.012089142

2008 29,764,438.0 382,293.0 0.12 0.012843952

2009 36,856,647.0 18,946,979.0 0.12 0.514072238

2010 22,777,283.0 20,053,808.0 0.12 0.880430208

2011 46,401,574.0 19,145,523.0 0.12 0.412605034

2012 48,561,787.0 19,916,129.0 0.12 0.410119360

Total 196,053,239.0 78,591,670.0 0.12 0.400869021

Source: Financial records, Tshivhase-Mukumbani tea estate.

Table 3. 
Benefit–cost ratio for Tshivhase-Mukumbani tea estate for the period 2005 to 2012.
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some places in the district tea can only be produced under irrigation sine Vhembe 
District is known for high climatic variability and change [33].

3.3.1.2 Improve production management

Production of made tea was far less than the potential of the estate, and this 
was perceived to be partly a result of poor management (R.W. Topham, personal 
communication, June 06, 2016). Mukumbani-Tshivhase Tea Estate occasion-
ally had some labor unrests resulting in extended work stoppages during the 
2011/2012 cycle. Human Resources Management especially labor contracting as part 
of recruitment is, therefore, necessary to avoid labor disputes and unrest. This in 
turn will save on time lost during the unrest and increase the quantity of tea pro-
duced, both infield and at the factory for the production of made tea.

3.3.2 Increase unit price of sold tea

The unit price of tea produced at the estate was influenced by value-adding and 
by market demand.

3.3.2.1 Increase sales of value-added tea

The essence of the value-adding initiative at Tshivhase-Mukumbani Tea Estate 
was to sell the made tea at competitive prices. Although the value-adding initia-
tive was performed well, a lot of the tea was still sold in bulk (only partially value 
added) at low prices. The tea should be sold as a complete value-added product in 
order to fetch higher prices, and this is influenced by the market demand for the tea.

3.3.2.2 Increase market demand for value-added tea

The unit price of tea sold by the estate was highly influenced by the market 
demand for the tea. The value-added tea had not performed well in the market com-
pared to its competitors. As a result, the value-added tea from the estate occupied 
only a small shelf space in the market, hence a lot of the tea was sold in bulk at low 
prices. Thorough market research would therefore be necessary, and this should 
result in improved marketing strategies that increase the market demand for the tea 
brand (Midi Tea) produced at Tshivhase-Mukumbani Tea Estate.

3.3.3 Reducing costs

Total costs may be calculated as the sum of establishment costs, fixed costs, and 
variable costs. Establishment costs at Tshivhase-Mukumbani Tea Estate were mostly 
for the establishment of infrastructure, mainly fencing, irrigation, storage, hous-
ing, and value-adding infrastructure. For the period under investigation, the major 
establishment costs incurred were on constructing and equipping the tea value-
adding facility. The cost for the establishment of the value-adding facility was R196 
053239–00 (Table 2), which was high.

The higher cost may have been due to the practice of inflating costs of con-
struction by contractors without appropriate monitoring by government project 
managers. As these costs were historic in nature there was no intervention to reduce 
them. Fixed and variable costs incurred in production and value-adding operations 
should, where possible, be reduced for the value-adding initiative to be economi-
cally feasible. Such costs would include those incurred on labor, maintenance of 
infrastructure and machinery, electricity, water, and other consumables. Effective 
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cost reduction would require proper management for efficient use of resources. 
Good labor contracting coupled with supply chain and procurement management 
practices can optimize the production of made tea.

4. Conclusions

The quantity of rainfed value-added tea produced varied based on year and 
season of production. Production of both unprocessed and made tea is perceived to 
be below the potential of the tea estate. The NPV was consistently negative while 
the BCR was below unity throughout the study period, implying that the value-
adding initiative was economically not sustainable. However, the study only covered 
a period of not more than 7 years. A further study is recommended with outer 
years covering at least 20 years. The following major initiatives are recommended 
for achieving economic sustainability of the value addition were: (1) Improve the 
marketing of the made tea brand Midi Tea as organic and fresh.

The whole production value chain from picking to packaging done in the same 
estate; (2) Good labor contracting management practices to deal with labor disputes 
and unrest; (3) Good supply chain and procurement management practices to reduce 
the cost of production; 4) To increase the quantity of value-added tea produced, it 
would be necessary to monitor the impact of climate variability and mitigate by pro-
viding irrigation especially in the spring and summer months and (5) Tea production 
at the estates is seasonal, for long term economic sustainability there is a need for inter-
cropping tea with a suitable winter yielding crops such as Avocadoes or Macadamia.
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Abstract

Sangihe Islands Regency is an archipelago located in the border area of the 
Philippines. The area is far from the Provincial Capital and the Indonesian capital 
of Jakarta. Therefore, it is sometimes difficult for people to access basic needs, 
especially food. On the other hand, they have access to alternative food consumed 
hereditary. For instance, there are plenty of tuber food crops, including cassava, 
sweet potatoes, and taro. Thus, there is a need for discussion in empowering 
people on the benefits of tubers such as productions, value chain, and potential 
development. The methodological approach used is descriptive exploratory, 
where the data collected is secondary from the desk review related to the potential 
and food conditions of the people in the area. Several local tuber crops are suit-
able for development as a staplefood on Sangihe Islands. The development sup-
ported by the adequate technological application can optimally increase product 
value and revenue. Furthermore, those aspects need systematically and synergis-
tically patterned.

Keywords: border area, food security, local tubers, production, technology

1. Introduction

The issue of food security has been developing for a while, both in the interna-
tional community and in the national community in Indonesia. In several processes 
and forms of national food security, the government promotes local food-based 
community development [1, 2]. Alternative ideas for realizing national food 
security are not only important but should become a massive national movement to 
guarantee people’s quality of life at the local, national and international levels. Food 
security is not only the problem of producing rice or other crops to be consumed 
as they are. However, in a broad sense, food security includes how society at local 
and national levels can produce other crops than rice such as corn, tubers, cassava, 
sago, and so forth. At the local level, the production depends on the area where the 
community resides [1, 3].

Communities on the border areas, whose territories are archipelagic areas, are 
vulnerable to food insecurity. The availability of food on the border with wider 
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natural conditions, and the sea area makes this place highly dependent on food 
supplies from outside the region. The availability of food in the regions must be 
optimized to meet food needs. Utilization of the potential local food crops will be 
important in efforts to meet food needs so that the community will be in a food 
security position.

Some of the main developing issues are related to food security in border areas, 
including socio-economic inequality between people living in border areas and 
neighboring countries, relatively low agricultural productivity, limited informa-
tion and technology dissemination, inadequate infrastructure, availability of 
infrastructure and facilities, distribution of land and between islands that can reach 
all regions. Thus, the inability of the poor to provide sufficient food in terms of 
nutrition and food security has not become a major concern [4, 5].

An important aspect in achieving food security for people at the border area is 
the ability to empower local food sources. To anticipate this, it is necessary to bring 
back local food sources [6]. States that local food has advantages in terms of quality, 
quantity and also functions for the preservation of biodiversity. The border area of 
the Sangihe Islands Regency has several types of local food such as tubers which are 
sources of staple food for the area.

The way to build food self-sufficiency in small islands and border areas is 
very wide open because the people in the area have been familiar with non-rice 
food sources for decades and the area does have local food sources that can 
substitute rice [7]. The increase in food production capacity is carried out based 
on the potential of agricultural resources. The development of food production 
is not based on a specific commodity approach, but rather on potential com-
modities in each region that can be developed into local food sources by increas-
ing production and product processing [8]. Regarding the development of tuber 
production as local food in border areas, the current condition tends to decrease 
both in terms of cultivation and utilization of the product due to the declining 
preference for local food and the lack of intervention in preservation [9]. Local 
food management in border areas is still limited to traditional techniques and 
products are not managed with an optimal farming system. To manage local 
food resources, technological innovation is needed, starting from the cultiva-
tion stage to the processing stage to ensure the availability of raw materials for 
processed food.

Technological innovation for the use of local food needs to be directed at 
increasing added value, competitiveness, and improving production technology 
to produce products that are following the wishes and needs of the community 
(demand-driven) [10]. The increase in added value and product competitiveness 
is the difference between the potential selling value of the product and the costs 
required for production. The added value and competitiveness of the product 
can attract investors to participate in developing the local food agroindustry. 
Improvements in local food technology, among others, are directed at producing 
products that are easy and practical to process and consume, with taste and quality 
that are following market demands. The products should also taste good and be 
packaged attractively, as well as easy to access (continuity of product availability). 
The technology developed should be adapted to the needs of the community and 
the growing market, so that it can compete with other products. Technological 
improvements will provide opportunities for the realization of product diversity 
that provides opportunities for consumers to choose products that truly suit their 
needs and preferences [11, 12].

This paper presents the potential, problems, support for technological innovation, 
added value, and strategies for developing local tuber food in the border area of the 
Sangihe Islands Regency.
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2. Methodological approach

The present research design is the scientific review method. This method is used 
to conduct descriptive exploration and data analysis regarding the topics discussed, 
which are sourced from various scientific references, both from research reports 
and relevant journals.

3. General conditions of the border area

3.1 Regional characteristics

The Sangihe Islands Regency, located in North Sulawesi Province, is a region 
in Indonesia that is directly adjacent to the neighboring Philippines (Article VII of 
Law No. 77 of 1957). This area is the gateway and northern fortress of the Unitary 
State of the Republic of Indonesia and is a cross-border trade area (Article II of 
Presidential Decree No. 6 of 1975). In developing the management of islands 
in border areas throughout Indonesia, where priority is directed to agricultural 
development planning for certain commodities according to the carrying capacity 
of the island, the agricultural sector is the main source in meeting basic life needs, 
especially food, and plays an important role in the economy of the region.

The Sangihe Islands Regency is geographically an integral part of North Sulawesi 
Province with Tahuna as the capital. It is about 142 nautical miles from the Capital 
of North Sulawesi Province, Manado, located between 20 4′13″–40 44′22″ North 
Latitude and 1250 9′28″–1250 56′ 57″ East Longitude. Its boundaries are as follows: 
North-Republic of the Philippines and the District of the Talaud Islands; South-
Sitaro Regency; East—the Pacific Ocean and Maluku Sea; West-North Sulawesi 

Figure 1. 
Regional Map of Sangihe Islands Regency.
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(Figure 1). The area is 736.98 km2 divided into 15 sub-districts (Figure 2). North 
Tabukan is the sub-district with the largest area, about 114.76 km2 (15.57% of the 
total area of the Sangihe Islands Regency).

In general, the average monthly air temperature at the 2016 Naha 
Meteorological Station measurements is 27.8°C, where the lowest air temperature 
is 20.0°C (in March), and the highest air temperature is 34.0°C (in July). Rainfall 
in a place is influenced by climatic conditions, geographical conditions, and the 
rotation or meeting of air currents. Therefore, precipitation varies monthly. The 
highest rainfall in 2016 occurred in November, namely 465 mm3 with 24 rainy 
days, while the lowest rainfall occurred in March, which was 40 mm3 with 16 
rainy days.

The population of the Sangihe Islands Regency in 2016, based on the population 
projection, was 130,024 people with 34,040 households and a population density of 
176.43 people/km2. North Tabukan Subdistrict is the most populated with namely 
15.15% of the total population in Sangihe. Also, the highest population density is in 
Tahuna District as the capital of the Sangihe Islands Regency, which is 717.39 people 
per square kilometer.

3.2 Agricultural characteristics

The condition of the land in the border area of the Sangihe Islands Regency 
is included in the Dry Land Agroecosystem Zone. In fulfilling rice needs, the 
area must rely on supplies from outside the region, both from the Regency and 
Province. Generally, cultivation lands in border areas are used for root crops 
such as sweet potatoes, cassava, and taro (local tubers specific to the location). 
The specific condition in this border area is the presence of a local tuber/taro 
plant called the daluga tuber. The tuber is a type of taro tuber that belongs to the 
Xanthosomasp family, grows wild in swampy areas, and is used by the community 
as a food reserve.

Horticultural crops, especially vegetables such as chili, tomatoes, eggplant,  
are cultivated at a household scale through home gardens. This is also true for fruits. 
Mango, pineapple, banana and orange, coconut, nutmeg, and cloves are the most 

Figure 2. 
Sangihe Islands Regency by District year 2016 [13].
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widely cultivated plantation crops by farmers and are spread throughout the border 
areas. The use of coconut by farmers is only limited to making copra and house-
hold needs.

4. Potential development of local tubers

4.1 Varieties of local tubers

Local tubers, as sources of non-rice carbohydrates, are specific food crops 
for people in border areas, with the potential to be developed as alternative food 
ingredients to support food security. There are several types of local tubers in the 
North Sulawesi Province, especially those in the border area of the Sangihe Islands 
Regency. Types of local tubers are cassava, sweet potato, and taro. These tubers are 
spread over 15 sub-districts. Production potential recorded in 2016 was for cassava 
with a harvested area of 302.5 ha, production of 1,210 tons; sweet potato with a 
harvested area of 186 ha and production of 806 tons and taro with a harvested area 
of 213.5 ha and production of 759 tons. South Tabukan Sub-district is the largest 
contributor to production, with around 49.92% [14].

4.1.1 Cassava (Manihotutilissima)

Cassava (Manihotutilissima) is a tropical and subtropical plant of the 
Euphorbiaceae family. It has a taproot and some branch roots that enlarge into  
root tubers. It is considered an adaptable plant that grows in various tropical  
agro-climates and does not demand a specific climate in its growth [15]. It was also 
stated by [16], that “cassava is a wind-resistant plant and will thrive under condi-
tions of low soil fertility”. This type of plant can grow in any place, especially in 
the tropics with full sun throughout the year, and has high adaptability to various 
soil conditions. Santoso and Radjit [17] stated that cassava production centers are 
usually located on dry land on alkaline soil and acid soil which are poor in organic 
matter and macro and micronutrients with weed disturbances. Because the cassava 
plant has wide adaptability, it can live and produce on land under these condi-
tions. This aspect is due to the nature of the cassava plant which is very efficient at 
absorbing nutrients in the soil.

According to the Center for Agricultural Information and Information Systems 
[18], cassava is a substitute for rice with an important role in supporting the food 
security of a region. It has a fairly complete nutritional content. The chemical and 
nutritional contents of cassava are carbohydrates, fat, protein, dietary fiber, vita-
mins (B1, C), minerals (Fe, F, Ca), non-nutritive substances, and water. Besides, 
cassava contains non-nutritive tannin compounds [19]. Furthermore, [20] stated 
that cassava has a fairly good nutritional value and is indispensable for maintaining 
a healthy body, as food, especially as a source of carbohydrates, but poor in protein. 
The nutritional content of cassava can be seen in Table 1.

Cassava, as a source of carbohydrates, can be used as animal feed and industrial 
raw materials. Therefore, the development of cassava is crucial in efforts to provide 
non-rice carbohydrate foods, diversify local food consumption, develop product 
processing and agro-industries as well a source of foreign exchange through exports 
and efforts to support increased food security and food independence. Although 
cassava is a source of carbohydrates, the yield of the plant at present is not optimal. 
Cassava is usually only boiled, fried, or processed into chips. Various variations 
of food can be produced from cassava. Cassava flour can be used to replace 
wheat flour.
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4.1.2 Sweet potato (Ipomoea batatas L.)

Sweet potato has great potential as an alternative food. It is quite popular in 
Indonesian society, especially in the eastern region, which uses sweet potato as a 
staple food. Sweet potatoes are a very healthy and very good food ingredient. This 
condition is because sweet potatoes have a high nutritional content of complex carbo-
hydrates, thus, leading to a gradual energy release. Among staple foods, white sweet 
potato contains the highest calcium compared to rice, corn, wheat, and sorghum. The 
calcium content can reach 51 mg/100 grams for yellow sweet potatoes [21] (Table 2).

Apart from being a source of carbohydrates, the potential of sweet potatoes in 
the context of diversifying staple foods from local resources is very good. The low 
price of sweet potato and its affordability at all levels of society is a major factor to 
encourage business diversification of staple foods other than rice. Sweet potato is 
a local source of carbohydrates that is used for its root tubers. In Indonesia, sweet 

Composition Content/100 grams

Rice Corn Wheat Sorghum Sweet potato

Calories (cal) 360 361 365 332 152

Protein (g) 6.8 8.7 8.9 11.0 1.5

Fat (g) 0.7 4.5 1.3 3.3 0.3

Carbohydrates (g) 78.9 72.4 77.3 73.0 35.7

Calcium (mg) 6.0 9.0 16.0 28.0 29

Iron (mg) 1.0 5.0 1.0 4.0 0.8

Phosphorus (mg) 140 380 106 287 64

Vitamin B1 (mg) 0.12 0.27 0.12 0.38 0.17

Source: [21].

Table 2. 
List of food ingredients per 100 grams.

Component White Cassava Yellow Cassava

Energy (Cal) 146 157

Protein (g) 1.20 0.80

Fat (g) 0.30 0.30

Carbohydrates (g) 34.70 37.90

Ca (mg) 33.00 33.00

P (mg) 40.00 40.00

Fe (g) 0 0.70

Vitamin A (SI) 0.70 386

Vitamin B1 (mg) 0.06 0.06

Vitamin C (mg) 30 30

Water (g) 62.50 60

Edible part (g) 75 75

Source: [19].

Table 1. 
Chemical composition of cassava per 100 g.
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potatoes are used as raw material for flour, instant rice, bakpia, donuts, chips, 
noodles, and pearl rice. Sweet potato flour can be processed into various food 
products similar to foods made from wheat flour, such as candy, ice cream, bread, 
cakes, and some soft drinks.

The development of sweet potatoes for various processed products is very 
perspective because, in addition to the multi-use nature of sweet potatoes, the 
technology for processing agricultural products is quite advanced in Indonesia. 
With processing technology, sweet potatoes can be processed into various products 
such as chips, starch, flour, sauce, jam, chips, croquettes, tape, kremes, brem, 
getuk, pilus, fried sweet potatoes, boiled sweet potatoes, and sweet potatoes. In the 
form of processed products, sweet potatoes can be upgraded to the equivalent of 
rice. Sweet potato is also a raw material for the food and non-food industry which 
is more successful. The success of the food diversification program will reduce 
dependence on imported rice [22].

4.1.3 Taro (Colocasiaesculenta L)

Taro is a year-round plant. It can grow in various areas, both natural and farmed. 
This plant, widely grown in rural areas, is usually used as a food substitute for rice, 
snacks, and even just allowed to grow [23]. In the border area of the Sangihe Islands 
Regency, there are two types of local taro specific to the location, namely Daluga 
tubers, and Kole Rea tubers. These two taro tubers are used by some people as a 
staple food to replace rice.

4.1.3.1 Daluga tubers

Daluga tubers are included in the taro tuber group in the Araceae family. This 
tuber is a commodity that has important prospects and has high economic value 
compared to other types of tubers such as sweet potatoes and cassava. Taro is an 
important food source because the tubers are foodstuffs that have good nutritional 
values. Daluga tubers can be harvested after about 10 months to 3 years. Bulb 
weight is quite high, on average 2–5 kg per tuber. Daluga lives well in places that 
are quite watery such as riverbanks or marshy land and are somewhat protected 
from the sun. Daluga reproduces by seeds or vegetative [24]. In some border areas, 
the potential of this tuber is quite promising, but rice is increasingly known to the 
public. This tuber is no longer cultivated, only planted wildly and not maintained. 
The highest nutrient content in taro is starch, although it varies between types of 
taro. Besides being used as a source of carbohydrates, taro tubers can also be used as 
a functional food because of their high oligosaccharide content [25]. Ref. [26] stated 
that, when viewed from the nutritional content, taro tubers are considered healthy 
food commodities and the level of safety lies in their low carbohydrate content 
(22.25%), reduced sugar (0.87%), and starch content (24, 25%, 11%). The results 
of the study [9] showed that daluga tuber contains a fairly high carbohydrate with 
32.53%, and the flour contains fat of about 23.32% and starch content of 48.86% 
(Table 3).

4.1.3.2 Cole Rea Bulbs

This type of taro for the people on the border of Sangihe is known as kolerea 
which means looking for sweet potatoes. It has white tubers. The border area of this 
population is large compared to daluga tubers. In addition to taro kolerea, there is 
also taro with purple leaf stalks known as bete retraction. The level of community 
consumption of taro colerea is still high because of the easiness of cultivation and 
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maintenance. Thus, some community members cultivate this taro intensively in the 
yard and the garden. This plant is intensively cultivated by paying attention to the 
nursery and its maintenance.

4.2 Basic food commodities

The results of a study conducted by [27], concerning Location Quotient (LO) 
analysis, reported that the food crop in the agricultural sector, especially local 
tubers (cassava and sweet potato) in the border area of Sangihe Islands Regency, 
had a location quotient (LQ ) value >1. Cassava has a value of 9.1, while sweet potato 
has a value of 12.64 (Table 4). With these values, the food crop commodity can 
meet the needs in the border area of the Sangihe Islands Regency and is expected to 
encourage the growth of other economic sectors so that it can increase the economic 
growth rate of the region.

Location Quotient (LO) analysis, at the sub-district level in the border area of the 
Sangihe Islands Regency, shows the LQ value of >1 for cassava spread over several 
sub-districts, with LQ values of 1.39 in South Central Tabukan, 1, 06 in South 
Southeast Tabukan,1.39 in central Tabukan, 1.4 in Manganitu, 1.05 in West Tabukan, 
1.18 in North Tabukan and 1.03 in Kendahe. For sweet potato commodities, the LQ 
values were as follows: South Tabukan District had 1.45, South Central Tabukan with 
2.09, South Southeast Tabukan with 1.11, Central Tabukan with 2.09, Manganese with 
2.11, Tahuna with 1.04, East Tahuna with 1.72, West Year with 1.58, North Tabukan 
with 1.77 and Kendahe with 1.73. The value of taro commodity in South Manganitu 
District was 1.56, 2.29 in Tatoaren, 1.26 in Tamako, 1.09 in South Tabukan, 2.21 in 
Central Tabukan, 1.14 in Tahuna and 1.31 in Tahuna Timur (Table 5). This result 
shows that the yields of the three food crop commodities (cassava, sweet potato, and 
taro) make them the basic commodities that can meet the needs in the border areas of 
the Sangihe Islands Regency.

The production of tubers recorded in 2016 was cassava, with a harvested area of 
302.5 ha, and a production of 1,210 tons, followed by sweet potato harvested with 

Commodity Districts Sangihe Islands Province North Sulawesi Location Quotient (LQ )

Production (ton) Production (ton)

Cassava 9766.70 279.22 9.1

Sweet potato 9441.87 192.43 12.64

Total 22,456.79 5,785.66

Source: [27].

Table 4. 
Location quotient (LQ ) production of food crops (local tubers) level districts.

Parameter Daluga bulbs Daluga flour

Water 63.86 1.11

Protein 0.64 1.97

Fat 1.43 23.32

Carbohydrates 32.53 48.86 (starch)

Source: [9].

Table 3. 
Nutrient content of tubers and daluga flour.
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an area of 186 ha and a production of 806 tons and taro with an area of 213.5 ha and 
a production of 759 tons. South TabukanSubdistrict was the largest contributor to 
production, which was around 49.92% [14]. This condition opens opportunities 
for its development and it is hoped that the farming system of the three commodi-
ties will encourage the growth of other economic sectors to increase the economic 
growth rate in border areas.

4.3 Value chain analysis of local bulb farming

The results of field observations of various tuber products in the border areas 
of the Sangihe Islands Regency showed that the economic value is still dominant 
only from primary products in the form of wet tubers, even though the economic 
value will be several times higher if there are additional productive activities in each 
channel such as large-scale product processing, economy, structuring the marketing 
system, as well as packaging processed tuber products [28] stated that this integra-
tion pattern between production and land productivity can be increased or farmers’ 
incomes can also increase and be more resistant to various risks, such as season, 
price, and income generation. By using the production data of tubers (cassava, 
sweet potato, and taro) in 2016 in the border area of the Sangihe Islands Regency 
in 2016, if only half of these primary products were to take a value chain approach 
with an added value of IDR 4500/kg, there would be an increase in production 
value of IDR 2.72 billion (cassava), IDR 1.81 billion (sweet potato) and 1.70 billion 
(taro) with a total value of IDR 6.20 billion. The income of farmers from tubers 

Number Districts Commodity

Cassava Sweet potato Taro

Production 
(ton)

LQ Production 
(ton)

LQ Production 
(ton)

LQ

1 Manginitu Selatan 42 0.86 22.5 0.69 48 1.56

2 Tatoaren 12 0.86 — — 20 2.29

3 Tamako 16 0.93 45 0.59 32 1.26

4 Tabukan Selatan 604 0.97 400.5 1.45 428 1.09

5 Tabukan Selatan 
Tengah

72 1.39 22.5 2.09 24 0.74

6 Tabukan Selatan 
Tenggara

52 1.06 36 1.11 24 0.78

7 Tabukan Tengah 44 1.39 4.5 2.09 24 2.21

8 Manganitu 108 1.4 45 2.1 24 0,5

9 Tahuna 28 0.69 36 1.04 29 1.14

10 TahunaTimur 28 0.57 8 1.72 29 1.31

11 Tahuna Barat 52 1.05 49.5 1.58 12 0.39

12 Tabukan Utara 112 1.18 85.5 1.77 20 0.34

13 Nusa Tabukan — — 9 0.54 48 3.08

14 Marore 4 1.15 2 0.86 2 0.91

15 Kendahe 36 1.03 40.5 1.73 4 0.18

Source: Result of data analysis (2021).

Table 5. 
Location quotient (LQ ) production of food crops (local tubers) district level.
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farming with primary products in the form of wet tubers is only around IDR 2000–
IDR 3000/kg with potential productivity of 20 tons/harvest/ha so that a production 
value of around IDR 40 million–IDR 60 million with a net income of around IDR 
20 million–IDR 30 million/ha/year. Through the value chain approach at the tuber 
farmer level as above, farmers will get an additional production value of approxi-
mately IDR 30 million–IDR 50 million/ha/year.

It is an indication that the current condition of the tuber product value is only 
in the form of wet tubers and it is necessary to immediately switch to other, more 
profitable products. The current condition of the products produced is still domi-
nant for local needs. Efforts to increase income from tuber farming, the processing 
of tuber products are relevant options. The development of tuber farming in North 
Sulawesi Province, especially in border areas, is classified as crucial and has the 
opportunity for exportation.

Generally, tuber farmers sell their products only individually directly to collec-
tors or consumers. This is an activity to shorten the marketing chain with a collec-
tive sales system. The difference in prices in the form of wet primary products from 
village/sub-district collectors with consumers or manufacturers is usually a price 
difference of around IDR 1000–IDR 2000/kg. For tuber products that have been 
processed (flour form), the difference will be even greater. If farmers in one village 
can produce 200 tons/year with a price difference of IDR 2000/kg, then farmers in 
the village have lost their income of IDR 400 million/village/year. Therefore, tubers 
farmers have the opportunity to generate additional collective income of around 
IDR 300 million–IDR 350 million/village/year. If the farmer has 20 tons of wet 
tubers, there is an opportunity for additional income per year of IDR 20 million–
IDR 25 million/year.

5. Tuber plant technology and support innovation

Technological innovation plays an important role in agricultural development. 
Innovative technology is produced through research activities, both in the con-
text of improving the existing technology (indigenous technology) and creating 
completely new technology. Some of the superior varieties of tubers that have been 
produced by the Agricultural Research and Development Agency are as shown in 
Tables 6 and 7.

In Indonesia, tubers are used as raw materials for flour, instant rice, bakpia, 
donuts, chips, noodles, and pearl rice. Flour derived from tubers can be processed 
into a variety of food products similar to food ingredients made from wheat flour, 
such as sweets, ice cream, bread, cakes, and some soft drinks. Currently, the use of 
wheat flour as a substitute for wheat flour is not a new development. The develop-
ment of root crops for various processed products is prospective, because of its 
multi-purpose nature. Taro tubers can be processed into various products with 
nutritional value. Products that can be produced from taro tubers can be grouped 
into categories that include the development of (1) products from fresh tubers, (2) 
intermediate products, (3) ready-to-cook products, and (4) ready-to-eat products 
of fresh tubers such as taro flour, taro chips, and traditional food products [32]. 
Flour processing is the best choice because: (1) flour is a product that is practical to 
use, so that it can be processed directly into instant food or as raw materials of other 
food products, (2) flour-processing technology is very easy to adopt and apply at 
low cost, so that small to medium-sized businesses can develop this business (3) 
flour easily fortified with the necessary nutrients such as vitamins and minerals 
and, (4) people have become accustomed to consuming food derived from flour. 
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Varieties Productivity (ton/ha) Harvest age (month) Pest/disease resistance

Adira-1 22 7–10 Somewhat resistant to red mites; resistant 
to leaf blight, resistant to wilting

Adira-2 22 8–12 Fairly resistant to red mites; wither

Adira-4 35 10 Enough red mites

Malang-1 24.3–48.7 9–10 Fairly resistant to red mites, tolerant of 
leaf spot, wide adaptability

Malang-2 20–24 80–10 Slightly sensitive to red mites, tolerant of 
leaf spot and leaf blight

Darul 
Hidayah

10–21 8–12 Slightly sensitive to red mites and fungal 
rot

UJ-3 20–35 8–10 Resistant to leaf blight bacteria

UJ-5 25–38 9–10 Resistant to leaf blight bacteria

Malang-4 39.7 9 Somewhat resistant to red mites, adaptive 
to sub-optimal nutrients

Malang-6 36.41 9 Somewhat resistant to red mites, adaptive 
to sub-optimal nutrients

Sources: [29–31].

Table 6. 
Description of several superior varieties of cassava by the research agency and agricultural development.

Varieties Release 
year

Productivity 
(ton/ha)

Harvest age 
(month)

Characteristics

Muara Takus 1995 30–35 4.0–4.5 Resistant to scab/scab disease, good tuber 
shape, high tuber dry matter weight, suitable 

for planting in dry land and paddy fields

Cangkuang 1998 30–31 4.0–4.5 Somewhat resistant to lanas pests, resistant to 
scurvy, good shape of tubers, high dry matter 
weight of tubers, a high percentage of tuber 
weight, suitable for planting on dry land or 
rice fields after rice, which is not very fertile

Sewu 1998 28.5–30.0 4.0–4.5 Slightly resistant to lanas pests, resistant 
to scabies, good tuber shape, medium-dry 
matter weight, suitable for planting on dry 

land or rice fields after rice

Boko 2001 25–30 4–4.5 Moderately resistant to boleng/lanas/borers 
and resistant to leaf rollers, tolerant of scabies 

and leaf spot.

Sukuh 2001 25–30 4–4.5 Somewhat resistant to boleng/lanas/borers 
and leaf curlers, resistant to scabies and leaf 

spot

Jago 2001 25–30 4–4.5 Somewhat resistant to boleng/lanas/borers 
and leaf rollers, moderately resistant to 

scabies and leaf spot.

Kidal 2001 25–30 4–4.5 Slightly durable with holes/lanas/borers and 
leaf rollers, resistant to scurvy and leaf spot 

bercak

Sources: [29–31].

Table 7. 
Description of several superior sweet potato varieties of agricultural research and development agency.
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Derivative products of taro flour can be used as dodol, various wet and dry cakes, 
noodles, cheese sticks, bread, breakfast meal, analog rice, cookies or biscuits, and 
sauces [33]. From a fresh state, tubers can be processed into a variety of ready meals 
or snacks, dried sawut or gaplek, chips, starch, and tuber flour. Many ready meals 
are made from fresh tubers, such as pilus, cakes, croquettes, enyek-enyek, getuk, or 
various kinds of cakes [34].

Fresh Taro daluga can be processed into a variety of products including chips, 
dodol, brownies, dried mustard, noodles, and various other wet cakes. Dodol 
is one type of processed food that is classified as semi-wet food because it has a 
water content of 10–40% with a water activity of 0.65–0.90 it has an elastic and 
dense texture [33]. The product is easy to process and can increase added value 
and diversify the product. Tubers talas in the form of flour have better nutritional 
composition than rice. Taro flour contains higher protein and lower fat than rice. 
The fiber content of taro is also quite high and very good for maintaining the health 
of the digestive tract. Taro flour is classified as smooth and easy to digest. It is useful 
for the manufacture of pastries, cakes, bread, and noodles [35]. Processing of taro 
flour products is expected to minimize losses due to fresh taro tubers not being sold 
out when over-harvest production. Besides, taro flour can be used as a substitute 
for processed food products such as sweet bread [36]. The use of taro can increase 
the economic value in the form of flour and taro starch as well as the shelf life of 
taro production. Taro starch can be used as a new type of starch and an alterna-
tive companion or substitute for wheat. Processing taro tubers with taro flour raw 
materials is still limited because taro flour is not available on the market [37]. One 
stage of the flour-making process is drying, where the drying temperature affects 
swelling power, solubility, and myelography properties.

6. Local tuber development challenges and problems

Local food in the border area, especially the archipelago area, is different and has its 
characteristics compared to local food in non-island areas [38]. The challenges faced in 
the development of local tubers in the border area are based on potential analysis with 
the approach of border areas and value chains. Land use, the potential of existing land 
has not been utilized optimally. The land is generally dominated by dry land and some 
swamps, so there are constraints on development and utilization in trying to farm. Land 
capability implies land carrying capacity. Land capability is the quality of land that is 
assessed with the understanding of a compound identifier of land and the value of land 
capabilities is different for different uses. Concerning the fulfillment of human needs, 
the ability of land is described in the understanding of land carrying capacity [39].

The climate and weather conditions in the border region are erratic and often 
capricious. During the northern wind season, wind speeds can reach 40 mph with 
seas surges. These natural conditions result in residents or communities on the bor-
der experiencing shortages of foodstuffs. There are generally border areas included 
in the criteria of poor villages, with growth tending to be slower compared to the 
surrounding villages [40]. Some factors that cause the slow growth of villages in the 
border areas include (a) no thorough identification regarding the socio-economic 
potential of the people in the border area, essentially a supporting factor for the 
resilience of the people in the border area; (b) the weak ability of social and eco-
nomic services of the people in the border area compared to the number of people to 
be served; and (c) the lack of evenly distributed social and economic services in the 
border areas seen based on location or spatial distribution; (d) lack of community 
motivation in improving the household economy through crop cultivation efforts.
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Based on the Sangihe Islands, Human Development Index in 2014 was 66.82, 
lower than the average HDI of North Sulawesi that reached 69.96. This condition 
is partly seen from the low level of education of the population aged 15 years and 
above, who are only elementary school graduates (52%) [13]. People in the border 
region have a perception of the prospect of developing root crops (cassava, sweet 
potatoes, and taro), although the level of preference for rice is higher. The people 
of the city see it as the foodstuff of the weak economic class or rural communities. 
On the contrary, rural communities see it as a commodity of high social value, as 
it is usually served in traditional parties, such as weddings, chief appointments, 
welcoming guests, and death.

Generally, the management system of tuber farming in the border area of the 
Sangihe Islands regency is dominantly conventional. The factors that influence 
farmers’ decision to adopt technology are the direct benefit of technology in the 
form of relative benefits, conformity of technology to socio-cultural values, and 
ways and habits of farming [41]. The economic value of tuber farming products 
will be higher if every sub-part of the agribusiness system can carry out productive 
activities to create benefits and employment opportunities. To increase the income 
of tuber farming, the processing of tubers products becomes a relevant option. The 
root products also have the potential to become feed for livestock development. So 
far, the mainstay of the economic value of the tubers is still very dependent on the 
primary product [26].

Given the ownership of assets, the farming community is relatively small, 
individual actions in business development will be very difficult in reaching optimal 
benefits. Therefore, the development of business in the future that is of maximum 
added value needs to immediately take collective action in the sale of proceeds, 
purchase of production facilities, investment funds, and access to new technology 
information and business partners.

Some of the main problems that must be addressed in the development of local 
food value chains in the border areas include:

1. Inconsistent regulatory/policy support to improve commodity competi-
tiveness.

2. Potential food insecurity and malnutrition for people in isolated areas.

3. Low productivity of local quality food.

4. Unavailable downstream industry players.

5. The potential of the local market has not been optimal so market access is still 
limited.

6. Still the low quality of human resources, weak institutional both at the level of 
the main actors and business support institutions in the value chain of tuber 
development.

7. Limited availability of field extension workers.

8. Weak coordination and partnership between government-private actors.

9. Availability of infrastructure that is not optimal.
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The main factor that weakens agricultural businesses, including the develop-
ment of tuber commodities, is that farmers’ economic institutions do not have 
strong intentions to build [42]. Stated that the lack of functioning as agricultural 
institutions were partial since the establishment of these institutions was not 
carried out in a participatory manner, where farmers as beneficiaries and placed as 
actors running these institutions.

7. Strategic steps in local tubers development

Facing an era of globalization and free competition, small agricultural-based 
industries need attention to increasing the added value of local food products as the 
economic center of communities in the border region. Strategic steps that can be 
taken in the development of local tubers to increase production and productivity in 
the border areas of Sangihe Regency include:

a. Improvement of regulations/policies that support the business climate and 
infrastructure:

• Central government support through accelerated development program in 
the outer border areas of the island.

• Banking support on credit base rate for businesses.

• The policy of the Ministry of Agriculture to facilitate the certification of 
geographical indications as a form of protection of the authenticity of agri-
cultural products of an area can have the opportunity to improve the com-
petitiveness and marketing of food products and change public consumption 
patterns.

• Allocating budgets for tasks and functions in the agricultural sector in the 
border region.

• Increasing the motivation of farmers in cultivating local tubers.

• Increased community preference for local tubers-based food.

• Providing its main infrastructure access from all industrial centers to the city 
or market including improved transportation services.

• Limiting the transfer of agricultural land to settlements or roads.

b. Institutional strengthening of organizations and supporting the development 
of local tubers:

• Improvement of support agencies involved in the development of 
local tubers.

• Improving the ability of farmers in carrying out cultivation technology and 
post-harvest handling and processing of yields.

• Changing the mindset of farmers who are still oriented to meet the needs of 
their own families and have not been oriented to commercial businesses.
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• Increasing the number of agricultural extension workers so that farmers get 
information about the latest technology.

• Providing processed industries and product packaging.

• Grow organizations that can represent farmers or groups of actors in the 
value chain.

• Involves the role of indigenous institutions in encouraging the cultivation of 
local tubers.

c. Development of patterns of cooperation and partnership between government-
private and community.

• The development of local tubers cannot be done individually, it must be 
done in an integrated manner, requiring the participation of businesses that 
understand the production process and market information.

• Increasing the role of local governments in supporting problem-solving in 
farmers, collectors, traders, and processed industries.

• Improving the role of society including increased knowledge/awareness and 
increased income.

• Improved partnership. The implementation, synchronization, and coop-
eration between all stakeholders in the development of food consumption 
including the development of food processing technology.

• Optimizing the system of coordination and partnership between supporting 
institutions due to the ego of sectoral interests.

d. Research, development, and innovation regarding cultivation technology and 
development of derivatives. Local tubers in the border area of Sangihe Islands 
regency have not been considered important commodities, while in some areas 
in Indonesia, they are used as food and non-food raw materials, such as noodles, 
fried cassava, dessert, confectionery, soy sauce, flour, wine, vinegar, nata de 
coco, and others. Even lately with a limited supply of energy sources, sweet pota-
toes are explored to be an updated alternative energy source, including convert-
ing sweet potatoes into bioethanol. Meanwhile, in the border area, exploration of 
the utilization of local tubers is still very far behind. The current condition of the 
majority of local tuber utilization is still limited to the main food sources only, so 
efforts to diversify local tuber derivative products have not developed optimally.

8. Conclusions

The border area is not only understood as a geographical concept of the region 
that is directly adjacent to other countries but also a strategic area that nation-
ally concerns the lives of many people, whether or not it is reviewed for political, 
economic, social, cultural, and environmental and security defense interests. Local 
tubers in the border area of the Sangihe Islands Regency have the potential as base 
commodity plants and support technological innovations available to be developed 
both in terms of cultivation and industrial products with high economic value.
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Some problems faced in the development of local tuber crops in the border area 
are, the potential for untapped land, climate and weather conditions in the border 
region that are erratic and often capricious, less motivation of farmers in improving 
the household economy through the business of cultivating crops and ownership of 
assets of farmers which is relatively small; then individual actions in business devel-
opment will be very difficult in reaching optimal added value. Strategies that can be 
done in the development of local tubers to increase production and productivity in 
the border area of Sangihe Regency, among others, are regulations/policies repair-
ing that support the business climate and infrastructure, institutional organization, 
development patterns of cooperation and partnership between government-private 
and community and research, development and innovation on cultivation technol-
ogy and development of processed products with economic value.

9. Development policy implication

The government’s development efforts and strategies include accelerating the 
economic growth of border areas through people’s economic base with the avail-
ability of adequate infrastructure, conducive and constructive political stability to 
support economic growth in the region. This condition can be achieved through 
community empowerment by increasing the role and participation of communities 
in border areas and improving development management performance through 
improvement of the quality of government officials so that they can become facili-
tators of border area development.

For this reason, it is recommended that government officials as development 
policymakers should be able to encourage the management of natural resources in 
border areas based on superior commodities in increasing production and value 
chains. The development of local root crops is the main recommendation to improve 
food security which is still low in addition to improving the welfare of people with 
low purchasing power. To increase the productivity of local tuber farming, it is nec-
essary to introduce superior seeds on time, including the provision of agricultural 
production facilities supported by the application of cultivation and post-harvest 
technology. Meanwhile, to improve the value chain, namely to strengthen the 
existence of farmer groups so that it not only increases bargaining power but also 
reduces transaction costs in marketing. Meanwhile, improving vertical coordination 
is carried out by establishing a network of partnerships with market players and 
fulfilling contractual agreements in profitable markets.
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Abstract

Brazil is the largest coffee producer in the world, being responsible for 40% of 
world total production, 69.9 million bags in 2021. Due its major production and 
exportation role in the global coffee market, Brazil has been also recognized for its 
commitment with quality and social-sustainability parameters based on voluntary 
sustainability standards (VSS) and geographic identification (GI). Despite higher 
prices at the final market and some changes toward more sustainable production 
models, certification is not a panacea for sustainability. In that sense, the gover-
nance of certification and standards along the value chains plays a central role. 
Brazil, as the largest coffee producer and exporter, has also a great potential regard-
ing coffee GI, which can lead to differentiation strategies and economic benefits for 
small farmers, contributing also to sustainable production and cultural and envi-
ronmental protection. However, the existence of economic and social barriers plays 
salient challenges for farmers to meet the quality standards as well as GI protocols 
among other market compliance tools, in addition to the correct value appropria-
tion arising for quality sustainability adopted strategies by coffee farmers in Brazil.

Keywords: coffee, Brazil, sustainability value chain, voluntary sustainability 
standards (VSS), geographic identification (GI)

1. Introduction

Sustainability has been a crescent worldwide topic in this past decades, especially 
after the 2000s, as climate change, biodiversity loss, soil erosion, water crisis, among 
other challenges, are becoming more evident, leading to a crescent concern in the 
minds of consumers [1, 2]. In food systems (e.g., coffee value chain), sustainability 
is especially visible: in order to attend the growing population and to avoid economic 
and social impacts, food production should increase by 70% until 2050 [3, 4]. Hence, 
the big challenge is how to produce more without destabilizing the ecosystems on 
which we depend [5].

For coffee, the chain is faced with many challenges, such as water pollution, soil 
erosion, biodiversity loss, among other climate-related problems, and social impact. 
Coffee is one of the most traded commodities of the world, but the production is 
mainly done by millions of small farmers around the world who depend on coffee 
for their livelihood. Thus, climate change may affect the production areas of coffee 
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and the livelihoods of the producers [4, 6, 7], increasing the concerns for sustain-
ability in the chain.

According to Baumgärtner & Quaas [1], sustainability, per se, can be understood 
as a normative notion as to how humans should act toward nature and how they are 
responsible in relation to the people around them and the future generations. The 
concern with preserving the natural resources for the future is not just a concept of 
the modern human, but it was present since the Neolithic Revolution and later in 
many populations around the world. The topic was also studied by economists for a 
long time, since the shortage of resources is of central concern to the science [8, 9].

Yet the term “sustainability” became popular in policy-oriented research, with the 
concept of sustainable development, a common goal for society in the twenty-first 
century, introduced in 1987 by the report Our Common Future, also known as the 
Brundtland Report [10]. The ideas presented were also later discussed in the United 
Nations Conference on Environment and Development in 1992—known as the Rio 
Summit—where a consensus and commitment of the academia were agreed in engag-
ing in development and environmental problems [11].

Based on these ideas, sustainable development can be defined as “the develop-
ment that meets the needs of the present without compromising the needs of future 
generations to meet their own needs,” and highlighted that, while environmental 
concerns are important, welfare and intergenerational equity should also be 
discussed. Thus, sustainability is not just about the environment, but has two more 
dimensions—economic and social. It is a multidisciplinary subject, and it is the 
intersection of these three dimensions that also allows the inclusion of socioeco-
nomic factors, besides the environment aspect [9].

The social sphere is about improving poverty and having social inclusion; 
the economic sustainability regards perduring of renewable and nonrenewable 
resources of production system in the long run and the economic growth; lastly, 
environmental aspects are related to protection and conservation of living being 
(e.g., humans, animals, and plants) existing on Earth [12–15]. This three-dimen-
sional quality of sustainability is also embodied in the definition of the concept by 
the United Nations in its Sustainable Development Goals, recognizing that social 
improvement should walk alongside economic growth, while “tackling climate 
change and working to preserve our oceans and forests” [16].

According to Hajian & Jangchi Kashani [13], sustainability can also be seen in a 
weak or strong meaning. The former is based on an economic value, the resources 
are goods with capital value, while the latter sees resources as natural goods and 
services it delivers, based on biophysical principles, considering some functions 
that the environment does for humans.

Despite the definitions above, it is good to note that the term “sustainability” 
does not have an extremely clear meaning. According to Pretty [17], since the 
Brundtland Report, there have been over 70 definitions of sustainability, each in a 
subtle way that enhances different goals, values, and priorities. For example, there 
can be different types of visions of sustainability depending on from whose eyes 
we are looking through (e.g., people in underdeveloped country and developed 
countries) and the time period of the action, such as how many years are we talking 
about the future in terms of generations [13]. So, even with the three-dimensional 
diagram (economic, social, and environment) of sustainability already consoli-
dated, we can still have some variations in the actions and challenges faced in 
different areas.

In the agriculture, for instance, one of the most important challenges regarding 
sustainability is how to reach food security in the future—that is, how to feed the 
growing population of the world—while facing climate changes, as appointed in the 
beginning of this chapter [18, 19]. Besides this goal, sustainability is also generally 
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associated with economic viability for farmers, environmental conservation, and 
social responsibility. The goal is how to maintain or increase the production of goods, 
thinking about the economic viability fir farmers and food security, while working 
on the conservation of the resources, such as water, soil, and biodiversity [20].

To reach that, the sector already invested in some standards alongside the chain 
of certain agricultural product, in an attempt to cover the whole value chain from 
farmer to consumer [20]. According to Bager & Lambin [6], for the coffee sector, 
companies normally rely on the adoption of combined codes of conduct, voluntary 
sustainability standards (VSSs), corporate social responsibility (CSR) programs, 
direct relations with producers, and so on, to address the challenges of sustain-
ability. It is good to note that the sector is also one of the models regarding sustain-
able actions, with third-party certification standards being widely used as VSSs, 
although internal standards and various supply chain interventions are gaining 
attention on the last years [6, 21, 22]. Other forms of addressing sustainability also 
include direct trade, single origin, and value chain transparency [6].

Brazil is the largest coffee producer in the world, being responsible for 40% of 
world total production, 69.9 million bags in 2021. The country is also the largest 
green coffee exporter, with 45.7 million bags, or 32% of total exports [23]. As for  
differentiated coffees, which includes sustainable certified ones, the country 
exported 7.7 million bags in 2021 [24], mainly to the United States, Germany, 
Belgium, Italy, Japan, and United Kingdom. That amount represents a 50% increase 
in comparison to 2017.

The enrichment of Brazilian coffee in quality and sustainability parameters over 
the years has positioned the country as an international reference for institutional 
and private strategies toward agricultural best practices aligned with sustainabil-
ity goals.

This chapter aims to exploit the quality-sustainability-led strategies largely 
adopted by multiple stakeholders at the Brazilian coffee chain as a response for local 
and global demand for guaranteeing high quality for consumers along with fair 
prices and quality conditions for coffee famers.

Due to the history and importance of sustainability in the coffee sector, this 
chapter aimed to give an overview on how this theme has been worked on the coffee 
value chain in recent years and the possible lessons we can get of that. To reach that, 
the chapter was divided in the methodology, followed by the findings that con-
templated broad aspects of coffee production and demand, as well as the specific 
aspects of sustainability in these topics. It also included the topic of the standards, 
certification, and governance regarding sustainability in coffee. Lastly, the authors 
presented the key findings of this study.

2. Methodology

The method used was a qualitative review of the academic literature and private 
reports on the coffee value chain and sustainability, based on the importance of 
the publications. It applied a set of key search terms in two scholarly electronic 
databases (Web of Science and Science Direct) and on Google Scholar in January–
February 2022 to identify relevant papers. The string of key search words used were 
combinations of “coffee” and “sustainability,” “production,” “demand,” “green,” 
“certification,” “standards,” “voluntary sustainability standards,” ‘Designation of 
Origin,” and “Geographic Indication.” It was searched within the abstract, title, and 
keyword database categories of original research papers published in peer-reviewed 
English and Portuguese language academic. These articles were then selected based 
on the relevance in the platform’s journals. It was also included relevant reports 
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in the coffee sector by instructions and actors such as the International Coffee 
Organization (ICO), the Global Coffee Platform, and The Economist. Finally, 
statistics and figures about the sector were obtained from sectoral reports and 
official databases, such as the Production, Supply & Distribution Online Database, 
from the United States Department of Agriculture (USDA) and the Brazilian Coffee 
Exporters Council (CECAFÉ).

3. International coffee demand

Coffee is a multibillionaire business and one of the most traded commodities of 
the word, involving thousands of companies and millions of coffee growers [6, 25]. 
According to ICO [26], since the 1990s, coffee production has had an increase of 
60%, while the value of exports has more than quadrupled from USD 8.4 billion in 
1991 to USD 35.6 billion in 2018, thanks to the rise in consumption and value in the 
chain. Regarding the production, it is condensed in more than 60 countries in the cof-
fee belt (between the Tropics of Cancer and Capricorn), with Brazil begin the largest 
producer (33–35%). Yet, most of these countries remain marginal actors, with the 
international trade of processed coffee dominated by a small number of actors that 
capture a large value share of the global value chain (GVC), such as members of EU 
and North America. This is also reflected in the consumption, with the top consumers 
being mainly developed countries, such as the United States, Germany, Japan, Italy, 
and France (with the exception of Brazil, the second largest consumer) [26, 27].

This led to some implications in the GVC: today, the coffee value chain is char-
acterized as a buyer-driven chain, where roasters and multinational companies 
hold the power to coordinate and impose control on the actor in the chain. In this 
case, while these buyers are subjected to sophisticated institutional regulation 
within their home countries, they can still exercise power on the producer’s end, 
which can affect their livelihoods and environment. This has led to concerns among 
consumers and NGOs, who hold large companies accountable for their impact on 
the environment and laborers. This was especially true in the last years, due to high 
fluctuation on prices and increase of production costs, caused by climate changes 
and, since 2020, global chain disruption by the COVID-19 pandemic [26, 28, 29].

This increasing concern for sustainability by consumer (especially in tor con-
suming countries) is a trend occurring in all of GVCs and has led governments and 
companies to take action in addressing this matter and meet stakeholders expecta-
tions—also increasing income, protecting brand and reputation or differentia-
tion—through the creation standards and regulations [6, 26, 30]. In 2021, the report 
“An Eco-Awakening” by The Economist Intelligence Unit (EIU) [31] showed an 
increase of 71% on searches for sustainable goods over the past 5 years (2016–2020) 
around the world, a trend that continued even during the COVID-19 pandemic. 
Consumers, waked by the social and environmental concerns, demand each year 
more actions by companies.

As for the coffee value chain, it is known as a pioneer in the adoption of VSSs, 
in particular “private” and multistakeholder initiatives, such as the third-party 
certifications (e.g., 4C, Rainforest Alliance, UTZ, Fairtrade, Organic, etc.) and 
standards by the private sector (e.g., Starbucks’ C.A.F.E. Practices and Nespresso’s 
AAA Guidelines) [6, 29, 32–34].

This trend has been present predominantly since the 2000s. Reinecke et al. [35] 
showed that the growth rate of coffee sustainable certification was 20% annually. 
Dietz et al. [36] saw that, while in 2008, the adoption of VSSs was made by 7% of 
exporters, in 2018, this number increased to 23%, while Panhuysen and Pierrot 
[37] showed that in the coffee year of 2019/20, 55% of total volume produced was 
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certified with some VSSs. According to ICO [26], investments on sustainability in 
the coffee chain are estimated to reach USD 350 million annually, showing the great 
concern of the sector in attending sustainable goals.

As for the Global Coffee Platform [38], an inclusive and important multistake-
holder membership organization that seeks sustainability in the coffee sector, the 
purchase of sustainable coffee (following third-party and second-party schemes) 
in 2020 reached 16,3 million bags of 60 kg, or 48% of total purchased, for the 
members. It is good to note that these players include the biggest coffee companies 
in the world, such as Nestlé, JDE, Melita and Strauss Coffee, which represented a 
share of 26.6% of world coffee exports and 20.5% of world coffee consumption in 
2019/20. The increase in the sustainable coffee purchase between 2019 and 2020 
was of 53.1%, with the major origins reported with sustainable coffee purchases 
being Vietnam, Brazil, Colombia, Honduras, and Mexico. As for the mainly sustain-
able schemes, 4c certified coffee was the most common (58%), with a high per-
centage for two or more sustainability schemes, especially triple certification with 
4C-Rainforest Alliance-UTZ (10% of the sustainable purchase in 2020).

Most of the biggest coffee companies around the world also have goals to elevate 
sustainable coffee purchase in the next years, or for a target of “100% responsible 
coffee in the next decade,” such as JDE, Nestlé, and Melita [38]. Despise these 
optimistic numbers, it is important to point out that not all the sustainable coffee 
is sold as so: Panhuysen and Pierrot [37] point out that, in 2019, 75% of coffee with 
VSS schemes were sold as conventional coffee, which might be a challenge for the 
sustainable coffee sector, affecting price premiums and the differentiation strate-
gies by producers.

4.  Voluntary private standards, sustainable certification schemes,  
and coffee value chain governance in Brazil

Voluntary private standards (VSS) and sustainability certification schemes have 
taken a central role in discussions about the future of agricultural production and 
agri-food chains. VSSs are considered important mechanisms to promote sustain-
ability and upgrading in agri-food value chains [39]. In coffee chain, certification 
schemes are major issues due its importance and impacts in the sustainability as well 
for farmer’s higher incomes [40].

Sustainability coffee certificates in the global coffee industry are present since 
the world coffee deregulation aiming to guarantee enhanced quality and sustain-
ability in the production regions. The major certifications in the global coffee sce-
nario are Fairtrade (FT), Organic, Rainforest Alliance / UTZ, and the 4C Common 
Code/Global Coffee Platform (4C/ GCP) [36, 41, 42]. Table 1 summarizes the main 
scope and objectives of those VSSs.

As observed in Table 1, most common VSSs in coffee value chain comprise the 
three-dimensional aspect of sustainability—economic, social, and environmental, 
although in different ways and considering different indicators and measures. Some 
of them are more focused on one of the dimensions, such as Fairtrade for social 
aspects, and organic for the environmental dimension. Another important aspect 
is the scope of VSS in value chain: some of them are more related to one specific 
segment of the chain (such as organic in production), while others depend more on 
actions in/from different parts of the chain, such as Fairtrade.

Discussion on the role of VSS for coffee sustainability abound in literature 
[26, 36, 42–47]. Based on prior studies, Elliott [44] summarizes different impacts 
of VSS on prices, quality and productivity, income and livelihoods, working 
conditions, environment impacts, and other aspects, such as markets, training, 
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and capacity building. The findings presented mixed results, which lead to a 
controversial discussion on the VSS adoption for coffee farmers’ income. The 
same perspective is pointed out for Piao [42] when analyzing the adoption of the 
4C system by coffee farmers in Brazil in the perspective of value chain upgrading. 
The authors had identified five types of upgrading (product, process, functional, 
social, and environmental) although most of the improvements can be charac-
terized as environmental. Yet, the main gains are associated with coffee beans 
differentiation thought high-quality agronomic practices and coffee processing, 
not necessarily resulting in premium prices for farmers.

Although literature presents a number of positive impacts linked to VSS and 
certifications in coffee value chains, especially considering coffee farmers “at the 
bottom of the pyramid” [48], some studies reveal uneven results from region to 
region. Jena and Grote [47], for instance, observed differences in terms of coffee 
yield and household income for certified coffee farmers in India, Ethiopia, and 
Nicaragua, shedding light to role of cooperatives in promoting collective actions 
and capacity building.

Other issues arise when coffee producers are brought to the center of that 
discussion: the adoption of certification at the farm level is not always economically 
viable, once it may bring higher production costs [49]; frequent changes, such as the 
adoption of new agricultural practices, do not necessarily mean a systemic change 
toward sustainability [50, 51]; certification is not a synonym of higher prices or 
better household living and poverty reduction for producers [52, 53].

Despite higher prices at the final market and some changes toward more sustain-
able production models, certification is not a panacea for sustainability. In that 
sense, the governance of certification and standards along the value chains plays a 
central role.

Chain governance agents need to drive more attention to smallholders’ inclusion 
and to support more vulnerable and poorest coffee producers to comply with sustain-
ability standards and develop deep changes toward social and environmental issues 
[44, 50]. Another governance challenge is related to the producers’ awareness of 
certifications and its meanings, especially for producers in cooperatives or groups [44].  

VSS Scope and objectives

FairTrade (FT) It comprises economic, social, and environmental
sustainability for producers, with focus on social aspects, and the strength of 
labor rights and working conditions.
It sets minimum prices and social premia for producers and producers’ 
organizations.

4C Common Code/
Global Coffee Platform 
(4C/GCP)

It comprises 27 principles across economic, social, and environmental 
dimensions, aiming to exclude worst practices and increasing sustainability in 
coffee production and processing.

Organic It promotes organic farming practices, intended to avoid harmful practices to 
the environment, prohibiting the adoption of agrochemicals and promoting 
environmental practices, such as deforestation restriction and soil erosion 
control.

Rainforest Alliance 
(RA)/UTZ

UTZ merged with RainForest Alliance in 2018. It establishes standards for 
responsible production and delivery, aiming to ensure sustainable practices and 
the integration of biodiversity conservation, community development, labor 
issues, and agricultural practices.

Source: Based on Dietz [36]; Piao et al. [42].

Table 1. 
Major VSSs for coffee and scope.
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It represents an important alert: collective actions for smallholders’ certification may 
not bring benefits on information sharing, transparency, and administrative compe-
tence, compromising its performance in the long run.

The complexity and interactions among the impacts of certifications need to 
be addressed, to shed light on potential bias or distortions. Impacts on price, for 
instance, may be related to improvements on quality rather than on the social and 
environmental aspects of certification itself [44]. Although certification can trigger 
the development of good agricultural practices and higher levels of assets for pro-
ducers, the relation may be the other way around: producers already compliant with 
or close to requirements, or producers already having a minimum level of technical, 
financial, and structural assets, are generally those who get certified, and not the 
opposite, which may favor the large-scale producers’ adhesion to RA, UTZ, and 4C/
GCP certifications [44].

Finally, it is important to consider the interactions and networks for coffee 
sustainability. Grabs and Carodenutto [54] discuss the role of corporate actors in 
the governance of sustainable global coffee chain, pointing out benefits but also 
risks and challenges, such as goal conflict, information asymmetries, and power 
imbalances. According to Elliott [44], studies also report high levels of dependence 
on organizations such as NGOs and governmental extension agencies to promote 
certifications among producers, which sheds light on the need of external assistance 
and raises questions on the sustainability of certification schemes over time.

The role of the state and public institutions for global value chain upgrading is 
central. De Marchi and Alford [55] discuss the role of state policies in global value 
chains, including the coffee one. State regulation is potentially associated with 
improved social and environmental conditions through the support or requirement 
of certification schemes. In Brazil, Caldarelli et al. [56] emphasize the importance 
of public policies to face challenges in Brazilian coffee chain, including efforts to 
promote quality improvements and social and environmental aspects through 
voluntary standards and certification schemes.

VSS and sustainable certifications in coffee value chains can emphasize different 
aspects of sustainability. In general, the adoption of VSS and certifications in coffee 
value chains brings positive results to the chain and especially to coffee farmers. 
Promoting product quality, higher revenues, and access to market. Nevertheless, 
benefits are uneven and not always related to other important indicators, such as 
household income and coffee yield and producers’ empowerment. In that sense, 
the adoption of VSS and sustainable certifications demands tighter governance. 
The role of organizations such as cooperatives and governmental agents is crucial to 
support the adoption of sustainable practices, favor collective actions, and hinder 
power imbalances between segments, promoting more genuine sustainability in 
coffee value chains.

5. Coffee production in Brazil

Coffee is produced in more than 60 countries in the coffee belt (between the 
Tropics of Cancer and Capricorn), but around 70% of the harvest is condensed in 
four countries: Brazil, Vietnam, Colombia, and Indonesia. Brazil is, by far, the larg-
est producer, with around 33–35% of total production, harvesting both Arabica and 
Robusta coffee beans [26]. Brazil has been an important (if not the most notable) 
coffee producer since the eighteenth century, with the commodity having a big role 
in the history and economy of the country [57].

The first coffee seed came to Brazil in the begin of the eighteenth century in the  
Northeast, but it was at the end of the century that the plant was introduced in 
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the states of São Paulo, Minas Gerais, Espírito Santo, Paraná, among others, with 
different types of coffee being planted and modified by genetic engineering [57, 58]. 
At this time, coffee was planted by the growing high class (centered especially in 
São Paulo and Rio de Janeiro) in big properties that used slave labor. Later, with the 
abolition of slavery, labor was due mainly by European immigrants. With the popu-
larization of the brew around the world, coffee had then become the great economic 
lever for Brazil in the nineteenth century, contributing to the industrialization of 
the Southeast region. In this century, Brazil was already the largest producer and 
exporter of the bean [59, 60].

Nowadays, the most prominent regions of production in Brazil are Paraná, São 
Paulo, Espírito Santo, and Minas Gerais, although, in each one, the coffee had a dif-
ferent role through history, which led to distinct characteristics in production that 
will be discussed in the following paragraphs [58, 61, 62]. Minas Gerais is the largest 
producer in Brazil (from 40–50%), with harvest condensed in Sul de Minas, Zona 
da Mata, and Cerrado Mineiro regions and mainly for Arabica variety. The second 
largest producer is Espírito Santo (25–30%), harvesting both Arabica and Robusta 
coffee beans (the state is the biggest producer of Robusta). São Paulo follows, being 
the third largest producer (Arabica variety) in Brazil (close to 10%). As for Paraná, 
the state used to be a big and historical producer of Arabica coffee, but, in the last 
decades, climate adversity has drastically reduced the harvest [63].

The state of São Paulo is one of the oldest producers and the most affected 
historically and economically by the culture back in the eighteenth and nineteenth 
centuries. The most important areas of the state are the traditional regions of Alta 
Paulista and Alta Mogiana, and the relatively younger region of Garça, which 
begging production after the 1960s decade. The culture in the state applies mostly 
traditional techniques of cultivation, producing only Arabica beans in small 
 properties [63, 64].

As for Minas Gerais states, the biggest producer, the regions of Zona da Mata 
and Sul de Minas coffee are also a century and traditional culture characterized 
by smaller farmers and traditional techniques of cultivation and lower produc-
tion technology. While in Sul de Minas, only the Arabica variety is harvested, in 
Zona da Mata, both Arabica and Robusta are planted. As for the region of Cerrado 
Mineiro, coffee production is relativity new, when producers from São Paulo and 
Paraná migrated to this region in 1970, due to climate problems in these states and 
government incentive for a more modern cultivation in Minas Gerais. Due to this, 
the production of Arabica coffee in Cerrado Mineiro has a higher technological base 
and is mechanized, a differential from other Brazilian producer regions [57, 61].

In Espírito Santo, the production was initially concentrated in the Arabica 
variety. In the nineteenth century, the crop had come as a way to occupy the land, 
organized as big properties focused on the external market. Later, with economical 
changes, coffee was harvest majorly by small producers, especially in the South of 
the state, having similar characteristics as Zona da Mata in Minas Gerais [58]. In 
the North, however, Arabica coffee beans were not adapted for the high tempera-
tures and low altitudes predominant in the area, and with the Programa Federal 
de Erradicação dos Cafezais (transl. Nation Program of Eradication of Coffee 
Plantations) in the 1960s decade, most of these crops were annihilated. Producers 
then started planting Robusta coffee beans, better adapted for the region. The 
variety had higher productivity and was benefited by the growth of the soluble cof-
fee industry over the years and the expansion of the use of Robusta in blends with 
Arabica coffee [62].

The difference characteristic among these regions, on the other hand, is of 
great importance for coffee sustainable production in the context of origin-linked 
products. The interest in the origin of the coffee seeds began with the second wave 
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of coffee consumption, only gaining more importance in the third wave, with the 
concept “seed to cup.” Coffee producers can then gain competitive advantage and 
economic benefits by differentiating its products by origin, mainly in the schemes 
of geographical indications (GIs) [45, 62, 65].

Coffee Geographical Indication Certification was a standard that emerged due to 
the contributions from representatives of companies, exporters, farmers, and coffee 
sector stakeholders as a way to increase productivity in farms, to improve market 
access and the livelihood of coffee famers through sustainable improvement, 
helping with protection of natural resources and biodiversity [66]. GIs is based on 
the specific features of products on determined locations, due to a combination of 
natural resources, traditional local skills and knowledge, and historical and cultural 
aspects of the origin in question. Producers can then use these different characteris-
tics to add value and promote their products, also protecting the local resources and 
culture, playing an important role in the sustainable development of local commu-
nities [45, 67].

In the economical aspect, GIs have positive impacts by different mechanism, 
such as providing legal protection for the geographical name of the origin of the 
product; recognizing the role of primary producers and increase farmer accep-
tance; boosting competitiveness; positive correlation of GI with intention to pay 
(premium prices), helping improve farm efficiency and coffee quality; creating 
new strategies beyond the product (e.g., local ecotourism area [45, 65, 66]. In the 
coffee scene, the IGs are already commonly used by countries such as Colombia, 
Indonesia, and Thailand as a way to obtain economic, environmental, and social 
benefits, such as premium prices, brand value, increase in profit, and decrease in 
production cost, and improve livelihood of farmers, etc. [66–68].

As for Brazil, the use of GIs in coffee has gained significant importance in the 
last decades. The protection of GI was determined in Law No. 9.279/1996 in articles 
176–182, with the National Institute for Industrial Protection (INPI) responsible 
for defining procedures for creating GIs and the regulation and control made by the 
Ministry of Agriculture and Supply (MAPA). According to the law, there are two 
ways to indicate the geographical region of a product: by Indication of Origin (IP) 
and Designation of Origin (D.O) [60–62]. The difference between the two of them 
can be checked in Table 2.

In Table 2, we can see the difference between the Indication of Origin (IO) and 
Designation of Origin (D.O), the two kinds of geographic indications find in Brazil. 
The first one, IO, explicated the name of the origin, functioning based on the 
notoriety or reputation of the region. As for D.O, works as the very designation of 
an agricultural or extractive product, whose qualities are intrinsically linked in an 
exclusive or essential way to the geographical environment.

In 2022, eight IOs and five D.Os for coffee production exist in Brazil [69]. The 
oldest GI used in the country is the IO for the Cerrado Mineiro region, created in 

Indication of origin (IO) Designation of origin (D.O)

An indication of origin is the geographical 
name of a country, city, region or locality in its 
territory, which has become known as a center 
for the extraction, production or manufacture 
of a particular product or the provision of a 
particular service.

Denomination of origin is the geographical name 
of a country, city, region or locality in its territory, 
which designates a product or service whose qualities 
or characteristics are exclusively or essentially due to 
the geographical environment, including natural and 
human factors.

Source: Brazil [69], Vieira [60] and Marré & Fonseca [62].

Table 2. 
Difference between geographical indications (GIs) in Brazil.
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Type of GI Region (state) Variety Creation date Graphic representation

Designation 
of origin

Cerrado Mineiro 
(Minas Gerais)

Arabica December 2013

Designation 
of origin

Mantiqueiras de 
Minas (Minas 
Gerais)

Arabica June 2020

Designation 
of origin

Caparaó (Minas 
Gerais and Espírito 
Santo)

Arabica February 2021

Designation 
of origin

Montanhas do 
Espírito Santo 
(Espírito Santo)

Arabica May 2021

Designation 
of Origin

Matas de Rondônia 
(Rondônia)

Robusta June 2021

Indication of 
origin

Cerrado Mineiro 
(Minas Gerais)

Arabica April 2005 No representation

Indication of 
origin

Norte Pioneiro do 
Paraná (Paraná)

Arabica September 
2012

Indication of 
origin

Alta Mogina (São 
Paulo)

Arabica September 
2013

Indication of 
origin

Região de Pinhal 
(São Paulo)

Arabica July 2016

Indication of 
origin

Oeste do Paraná 
(Paraná)

Arabica July 2017

Indication of 
origin

Oeste da Bahia 
(Bahia)

Arabica May 2019
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2005, and according to Almeida and Tabaral [61], it’s the first region in the world 
to issue a D.O. seal for green coffee as well for roasting coffee in 2013. Other GIs in 
Brazil are issued in the main producing regions of coffee of Minas Gerais, São Paulo, 
Paraná, Espírito Santo, Rondônia, and Bahia states, accounting for more than 400 
cities around the country [69].

A crescent investment for producers in the last years is regarding the Robusta 
Beans that are achieving recognition in the global market. Thus, the last GI 
appointed by the government is the IOs for Espírito Santo and Matas de Rondônia. 

Type of GI Region (state) Variety Creation date Graphic representation

Indication of 
origin

Campo das Vertentes 
(Minas Gerais)

Arabica November 
2020

Indication of 
origin

Matas de Minas 
(Minas Gerais)

Arabica December 2020 No representation

Indication of 
origin

Espírito Santo 
(Espírito Santo)

Robusta May 2021

Source: Brazil [69].

Table 3. 
Types of geographical indications (GIs) for coffee in Brazil.

Figure 1. 
GI of coffee in Brazil. Source: Adapted from Brazil [69].
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For this last IO, there is a crest adoption of the denomination “Amazonian 
Robustas,” which also reflects the concerns of coffee producers with sustainability 
[69]. All of the IOs and D.Os can be observed in Table 3 and Figure 1.

In Table 3 and Figure 1, the multiple IOs and D.Os of coffee in Brazil are shown. 
Table 3 presents the variety of coffee in question, as well as the state, creation 
date, and the logo of each geographic indication. In Figure 1, the same IO and D.O 
are shown in the map of Brazil. As we can see, these geographical indications are 
present in six states, but are concentrated in Minas Gerais state, the largest producer 
in Brazil.

6. Final remarks

The differentiation strategy aiming value creation for coffee farmers in Brazil 
has been in place since the deregulation of coffee market in mid-1990s [70]. 
Industry played an important role to define quality standards through the Brazilian 
Coffee Quality Program since 1989 with continual enrichment aiming to match the 
growing interest of the consumers toward the coffee origin and quality. The private 
and public prizes rewarding famers and roasters for good practices have been 
another salient institutional tool to achieve and enhance quality and sustainable 
practices along the coffee chain.

Nevertheless, the VSS adoption and GI’s creation have been modern strategies 
for quality and suitability achievement as demonstrated in this chapter. Brazil, as 
the largest global coffee producer, has also a great potential regarding GI strategies, 
which can lead to differentiation strategies and economic benefits for small farm-
ers, also contributing to sustainable production and valorization of the cultural 
environmental of these regions. However, public and private action should consider 
economic and social barriers to achieve the VSS and VI’s protocols, developing 
means to foster, maintain, and enhance a quality and sustainability mind set along 
the coffee chain [60, 65, 71].

The coffee value chain has great importance in the agribusiness, involving a huge 
number of actors from its production to its consumption, and Brazil has a huge part 
in this as the largest producer and second largest consumer. Thus, in the context of 
sustainability in the GVC, it’s important to look more thoroughly in the aspects of 
the Brazilian coffee scenario. Around the world, the sector is already considered 
a pioneer in the adoption of VSSs, in particular, “private” and multistakeholder 
initiatives, such as Fair Trade and Organic certifications, which are also applied 
in Brazil.

Yet, these VSSs are mainly driven by the consumer ends, and there has been 
contrasting evidence of the real effectiveness of these standards in the incomes and 
livelihood of producers, thus presenting a possible challenge in the sustainability of 
the chain. What is known is that these standards may have different effects depend-
ing on the country studied.
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