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Abstract

The diversification of agri-food products through emerging chains has a fundamental socio-economic
role in Ecuador. However, a substantial amount of research has focused solely on examining agronomic
yield. Conversely, there is a shift in the agri-food chain perspective to more sustainable production and
consumption models. Socio-economic sustainability, chain configuration, and governance are aspects that
can be improved. In this sense, socio-economic and productive factors are consequential with the level
of development and still affect chain development. This study aimed to analyze social and production
aspects to understand the dynamics of the Inca berry chain. Thus, vertical and horizontal dimensioning was
introduced to contribute with relevant insights. The framework applied includes a revision of primary and
support activities and high and low relevance flows. The research clustered pre-production, production,
and post-production levels mapping the food chain, and identifying its actors. Results show several viable
long-term strategies, such as marketing channel diversification, the intervention of academic institutions,
and the empowerment of associations aimed towards circular economic models. The main contribution
is the application of the chain configuration to assess performance. Based on the results obtained,
our recommendation is to incorporate new indicators to analyze the environmental and institutional
components in-depth. Both production unit professionals and academics may find this study useful to
operationalize sustainability in agri-food chains.

Keywords: associative structures, crop performance, dimensioning, Peruvian groundcherry, rural
development

Analisis de las dimensiones sociales, productivas y de
gobernanza de la cadena de Physalis peruviana: un estudio de
caso de la zona interandina en Ecuador

Resumen

La diversificacién de los productos agroalimentarios mediante cadenas emergentes juega un papel
socioeconémico fundamental en Ecuador. Sin embargo, las investigaciones se han centrado solo en
examinar el desempefio agrondmico. Por otro lado, existe un cambio en la perspectiva hacia modelos
de produccién y consumo sostenibles. La sostenibilidad socioeconémica, la configuracién de cadena
y la gobernanza son aspectos para proponer mejoras. Los factores socioecondmicos y productivos son
consecuentes con el nivel de desarrollo y atn afectan el progreso de las cadenas. Este estudio tuvo como
objetivo analizar aspectos socioeconédmicos y de produccion para comprender la dindmica de la cadena de
bayas incas, por lo cual se introdujo el dimensionamiento vertical y horizontal para contribuir con ideas
relevantes. El marco aplicado cuenta con actividades primarias y de apoyo, y flujos de alta y baja relevancia.
La investigacién agrupé niveles de preproduccion, produccién y postproduccion; ademds, se ejecutd el
mapeo de la cadena alimentaria y la identificacién de los actores. Los resultados obtenidos mostraron
estrategias viables a largo plazo, como la diversificacién de canales de comercializacién, la intervencién
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de instituciones académicas y el empoderamiento de las asociaciones, dirigidas a modelos circulares.
La principal contribucién es la aplicacién de la configuracién para evaluar el rendimiento. Ademads,
recomendamos emplear nuevos indicadores para analizar los componentes ambientales e institucionales a
profundidad. Los profesionales con unidades de produccién y académicos pueden encontrar ttil el estudio
para poner en funcionamiento la sostenibilidad agroalimentaria.

Palabras clave: desarrollo rural, desempeno de cultivos, dimensionamiento, estructuras asociativas, uchuva

Introduction

In the last decade, crop export growth has been significant in Latin American countries (Franko,
2018). These exports are mainly of fresh products, such as flowers, fruits, vegetables, and cereals
(Central Bank of Ecuador, 2018). The Governments of these countries claim that trade activity has
increased because of the growing food demand of developed countries (Reardon, 2015; Streeten, 2016).
This aspect evidences relevant changes in consumers” diet and, therefore, in commercial opportunities
for Latin American agri-food actors (Augustin et al., 2016). Currently, most of the Latin American
countries have implemented policies promoting export fruits and vegetables (Furtado, 2018). Further,
the Inter-American Development Bank (IDB), is a “pivotal player” in strengthening foreign trade with
Latin America (IDB, 2018). However, medium and long-term adjustments will establish the economic
positioning of this sector over time.

Previous research has pointed out some socio-economic issues of the Latin American fruit and vegetable
sector (Phukan et al., 2017). The consequences of agro-export growth, and the high incidence of informal
recruitment of workers are examples of such issues (Martinez Valle, 2016). Moreover, as in the case of
the Peruvian groundcherry (Physalis spp.) chain in Ecuador, the persistence of minimal profit margins for
farmers (Thiele et al., 2011), and the vulnerability of peasant families (Alvarado & Rebai, 2018; Barrera-
Mosquera et al., 2010; Hallam et al., 2004) are some concerns evidenced. Researchers claim that food
chains that fail to adopt strategies tend to suffer a severe downturn (Sands & Ferraro, 2010; Sellahewa &
Martindale, 2010).

The progress of the Ecuadorian agri-food chains also suffers from market failures and a low level of
collaboration (Notarnicola et al.,, 2012; Romero & Wollni 2019). For example, emerging chains such as
the one of the Peruvian groundcherry shows odds related to the control imposed by large companies in the
supply chains (Ruiz, 2018; Vega-Quezada et al., 2017), and the coordination level between actors (Central
Bank of Ecuador, 2018; Observatory of Economic Complexity [OEC], 2017; Ministry of Agriculture
of Ecuador, 2014; Romero and Wollni, 2018). Therefore, the scientific community should consider the
aspects mentioned above when assessing the performance of fruit and vegetable supply chains.

The Peruvian groundcherry network is an emerging chain located in the highland region of Ecuador,
which is characterized by the expansion of its production units in the last years (Senplades, 2015).
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This chain employs around 2000 rural workers who participate in activities such as soil conditioning,
transport, and the transformation of raw material (Romero & Wollni, 2018). Also, 98 % of the companies
involved are small and medium-sized enterprises (SMEs) (Sarango-Lalangui et al., 2018), which look
for an opportunity to be positioned in a higher-level market. Considering the abovementioned, this
paper presents an attempt to evaluate the Peruvian groundcherry chain, including its primary and
support activities comprehensively. Besides, a horizontal and vertical configuration will be performed to
understand the implications of potential actors’ collaboration. Both practitioners in production units
and academics might find the study useful, as it offers sustainability operationalization research in agri-
food chains. Therefore, the paper is structured as follows: Section 2 explains the materials and methods
employed to implement the study, and the results and discussion are presented in section 3; section 4 shows
some conclusions and research implications.

Materials and methods

The data collection took place in the inter-Andean zone of Ecuador, comprising the provinces of Cotopaxi,
Tungurahua, and Chimborazo (figure 1). The Peruvian groundcherry chain has received attention from
different sectors because of its farming structure, inequality in irrigation water, loss of the pdramo
ecosystem, and market price instability. The methodology involved socio-economic, production, export,
and agricultural policies. Moreover, it highlighted the structures at the horizontal and vertical levels, as
explained below:

1. Food chain mapping. The scheme employed is the one developed by Hawkes & Ruel (2011), which
determined the groups of actors and relevant activities. Moreover, this step identified the less and higher
importance flows running through the chain.

2. Identification of value chain actors. This phase employed the information from the last census (2015)
conducted by the Ministry of Agriculture (MAG) (table 1). Besides, it analyzed the post-production actors
by examining the records submitted by the Ministry of Industries and Productivity (Mipro, 2016) (table
2) regarding SMEs and large companies.

Table 1. Peruvian groundcherry producers and production area per province

. Province
Unit . .
Cotopaxi Tungurahua Chimborazo
Agricultural producers Person 183 LIl 248
Fruit and vegetable producers Person 44 36 &9
Peruvian groundcherry producers Person 129 12 153
Peruvian groundcherry area ha 25968 ErLTI) 7452

Source: Ministry of Agriculture (MAG) (2016)
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Table 2. Small and medium-sized enterprises and large companies involved in the Peruvian groundcherry chain per

province
Province
Cotopaxi Tungurahua Chimborazo
Microenterprises 1397 ER s 1658
Type of business Smalll busi.nesses . 24 N 99
Medium-sized enterprises 16 &1 16
Large companias 5 18 5
Fruit and vegetable processing companies 5 76 a2
Peruvian groundcherry processing companies 15 27 10

Source: National Secretariat of Development (Senplades) (2017)

3. Sample size description. The experiment used the continuous variable “number of producers registered
by MAG” to estimate the sample size of producers. Also, it applied the Sukhatme formula (Sukhatme,
1957) at the 95 % confidence level. The sample of producers assessed 41, 53, and 45 producers from

Cotopaxi, Tungurahua, and Chimborazo, respectively.

4. Descriptive analysis. Previously, the experimental phase carried out a workshop with stakeholders to
select performance variables from a pre-established list. The list considered productive and socio-economic
factors. Besides, it accounted for export and agricultural policy implications. Then, it constructed
interviews and surveys, and Cronbach’s alpha index was employed to validate the answers to the
posed questions. Furthermore, it analyzed the collected data through descriptive tools, such as the
Contribution Analysis and the Dominance Analysis (Azen & Budescu, 2003; Budescu, 1993; Mayne,
2008; Triantaphyllou & Mann, 1994).

5. Scanning the configuration. In this step, the experiment applied the estimating outline published by
Gereffi and Fernandez-Stark (2016) to identify the horizontal and vertical structures. This tool gave vital
insights on the complexity level of the studied chain.
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Figure 1. Location of the provinces of Cotopaxi, Tungurahua, and Chimborazo (Ecuador)
Source: Elaborated by the authors

Results and discussion
Food chain mapping

The overview started by identifying support activities (figure 2). The Ecuadorian Agency of Plant
Protection (Agrocalidad), and Instituto Nacional de Investigaciones Agropecuarias [National Institute
of Agricultural Research] (Iniap), performed 60 % of the operations up to this stage. Examples of
those operations are explained below. Seventy-five percent of the public and private financing entities
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supported production and post-production activities through funding programs for SMEs, entrepreneurs,
and peasant producers.

Inter-Andean zone
! L
i I ! i [
Seeds 1 : : 1 [
. ! i+ Industrial . .
. Small Producers X I Cluster 1 1 i
- e | —~— :
—T—* i T 1 [
certilier —— [ ] ! — : | Spechlzed stores |
— ee || ™ . ——te—
b —— [ L ] Catering '
' i . : '| ‘i — ¥
i | — ' industrial ¥ I
ke Matter ! Agno-industry X ! cluster 2 | : .
1 ! | 1 [
] . | T : hl 1 I E
1 1 I
T . * | Ago-ewporers . . 5
< : H | ! | DbtrictMarksts | 5
- — ]
Machinery : M . | : | £
1 | 1 L & [}
! | L industrial ! !
1 - g ! [ Cluster 3 1 [
Irrigation ! ! ! ! !
Facllitles 1 | ] 1 I
1 I 1 ] 1
1 I i 1 |
] I I 1 ] o
i | T T T
1 ] I 1 ]
Pre-production i Production i Packaging i Processing Distribution i
1 ] I 1 I
Stages
Material flow 4
4 Imformation flow

Figure 2. Actors and flows identified in the Peruvian groundcherry agri-food chain
Source: Elaborated by the authors

Furthermore, the chain mapping identified the production stage, which included individual producers
and two associations. These actors started with higher importance flows (agri-food material) by delivering
them at commercialization centers. Examples of those commercialization centers were wholesale outlets
located in the cities of Ambato and Riobamba. Then, private processors and startups were identified, which
transformed raw material into goods with high value-added. More than 50 % of the processed Peruvian
groundcherry belonged to the canning and dried fruit categories.

Processing actors also traded their business portfolio to big retailing corporations because of the
potential opportunity to consolidate brands. Furthermore, the mapping recognized actors involved in the
commercialization stage. Such actors were importers, exporters, retailers, and advertising agencies, among
others. For instance, Corporacién La Favorita S.A. and Corporacién El Rosado S.A. were retailers with
high national participation in the Peruvian groundcherry market. This general overview will be detailed
in the descriptive analysis section.
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Identification of value chain actors

The Ministry of Agriculture of Ecuador (2016) pointed out that 0.95 % of the fruits and vegetable
producers are involved in the Peruvian groundcherry production stage. The province with the largest
Peruvian groundcherry production surface was Tungurahua. On the other hand, the Secretariat of
Planning and Development (2017) reported that 7,112 companies have commercial operations that
include Peruvian groundcherry. Tungurahua registered 52.53 % of the companies, Chimborazo accounted

for 25.73 %, and Cotopaxi recorded 21.73 %.
Descriptive analysis
Pre-production stage

The outcomes stated that the National Government prioritized strategies, such as the development of
the rural economy and the redistribution of production supplies, including manuals, seeds, fertilizers,
and irrigation systems, among others. Besides, public agencies were responsible for transferring novel
techniques at the production level (Houtart, 2014; Santacoloma-Varén, 2015). Also, academic institutions
such as the Technical University of Ambato and University of the Armed Forces led programs aimed at
improving production yield, plant genetics, and processing technology. The scientific community of those
institutions devoted many resources to topics such as land and water use efficiency and food packaging
(Mutebi Kalibwani et al., 2018; Rodriguez Moreno, 2018).

Production stage

Socio-economic findings. The outcomes showed that producers were between 29 and 52 years old. Most of
them were men (58 %), the prevalent education level was up to middle school (39 %), and 27 % of the
respondents finished the bachelor. This academic background situation was not a barrier to negotiate with
downward actors. However, farmers always took the risk concerning contract renewal with buyers and fair
selling prices in each business cycle. Additionally, 37 % of the producers were cooperative partners, and
30 % were association members; even so, few of them were willing to adopt specific strategies to expand
the volumes of Peruvian groundcherry. The last breakthrough was that 58 % of the producers financed the
production through savings, and 38 percent acquired bank debts (table 3).
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Table 3. Descriptive analysis of the sample

Maxirrurm Mean Standard Deviation

Age (head of family) (n=139)

< 18 years

19-25 yaars

26-40 years 5 " ‘
41-55 years

=56 years

Cooperative partners (n="139)

Mo=0 1 .38 0229
Yos=1

Association mamber (m=139)
MNo=0 1 079 040
Yas=1

Gender

Male=0 1 0.4 n2er
Female=1

Education lewval in=1303)
School=0

High School=1 2 1.55 0545
Univarsity=2

Income leveal (n=139)

< FO0LSD

701-1000 UsSD

1001-1300 050 1720 1340 22816
1301-1700 USD

= 1700 UsD

Source: Elaborated by the authors

Regarding production results, most of the producers (60 %) considered the growing demand for
Peruvian groundcherry at the local and international levels as the primary driver to expand crops. The
current worldwide trade opportunity was an immersive interest for those who were cultivating Peruvian
groundcherry. The most promising segment was the European market. However, the results also pointed
out that 55 % of the respondents had more than 3 ha of land, but the Peruvian groundcherry crops covered
only between 0.1 and 0.9 ha on average. Another driver of Peruvian groundcherry supply was the high
fragmentation of traditional markets, such as potato, maize, and onion. However, findings determined a
production stage with limited downward coordination, where 42 % of the producers showed high crop
diversification, and just 31 % operated through partnerships. Besides, there was alow density of Colombian
and Kenyan genotypes (figure 3). These foreign varieties showed phytopathological vulnerability and lack
of adaption to Ecuadorian field conditions (Arellano, 2018; Galvis et al., 2015). The Ecuadorian genotype
was by far the most common variety in production units. According to Brito (2015) and Carrillo-Perdomo
et al. (2015), in Ecuador, there were approximately 20 types of Peruvian groundcherry with prominent
sensorial features, such as color, size, and shape.
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Figure 3. Peruvian groundcherry genotypes cultivated in Ecuador from the years 2011 to 2016
Source: Elaborated by the authors, based on Ministerio de Agricultura (2014, 2016)

The persistence of knowledge gaps affected Peruvian groundcherry producers and all the value chain
directly and indirectly. According to The National Institute of Agricultural Research (Iniap) (2016), these
gaps included sustainable Peruvian groundcherry crop management and plant breeding, due to the lack
of private investment and governmental incentives. Therefore, the National Plan for Agricultural Support
2013-2017 failed in supporting key aspects of emerging agri-food chains. The design of this policy aimed
at enabling accessibility to agronomic assets (Brito, 2015). However, it was necessary to implement a
monitoring plan for those policies, which was able to reinforce the agricultural systems.

Apart from that, observations elucidated some productivity rates. An average of 12.9 t/ha of Peruvian
groundcherry yield was observed considering these means (figure 4). The reference was Colombia as the
current leader in Peruvian groundcherry production. The results reported by Carrillo-Perdomo et al.
(2015) and Fischer et al. (2014) on Colombian yields reported 14.5 t/ha. The production systems and
infrastructure of both countries were very similar and competitive compared with each other. However,
returns could vary depending on the production method. In open field, yields ranged between 10 and 13
t/ha, whereas greenhouse systems yielded between 15 and 25 t/ha. Further, findings indicated that most
likely, the challenges were found at the post-harvest practices where only 35 % of the producers applied
them to reduce losses.
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Figure 4. Productive yield (t/ha) of the Peruvian groundcherry agri-food chain
Source: Elaborated by the authors

Regarding the performance findings, respondents stated a gross farming profit of USD 11500/year
(2150 USD/year) and a net income of USD 6600/ha/year (+50 USD/year). The outcomes reported
by Orjuela Castro et al. (2017) pointed out a Colombian gross profit between USD 5000/ha/year
and 8000/ha/year during 2014 and 2015. According to Altamirano (2010), Peruvian groundcherry
production was profitable, and its internal rate of return (IRR) on investment ranged between 13 and 25
percent. Furthermore, MAG (2016) reported an 18 percent profitability rate in the Peruvian groundcherry
production, and the sum of fix and variable costs to produce one hectare of Peruvian groundcherry is USD
6000 in the initial year. The predicted yields under the right climatic conditions were around 13000 kg/ha/
year, and with a price of USD 1.00/kg, each hectare would generate a gross income of USD 13000/ year.
Then, by subtracting the production cost, a gross profit of USD 7000/year would be obtained. Therefore,
the observations established a contribution margin of around USD 0.46/kg,

Post—proa’uction stage: processing companies

Economic findings. The outcomes showed that 98.43 % were SMEs, and 1.57 % were large companies.
Also, 40.10 % were raw material processors, whereas 60.90 % combined the processing with marketing
activities. Besides, 69.20 % of the companies worked with retailers, and only 10.40 % were exporting
companies. However, respondents mentioned that processing companies required support to improve
their performance. Such support would be to aid the diversification of their product portfolio and the
possibility of building links with public entities to expand the foreign trade (Proecuador, 2016; 2017).
Besides, 45 % of the respondents considered the supply price as the decisive factor during the purchasing
process of Peruvian groundcherry. However, the quality criteria were relevant. For instance, low-quality
fruit dropped the chance of negotiation up to a 49 % probability. This was not the case of the demand
price, where 57 % of the respondents claimed that customer requirement was the primary driver (figure 5).
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Figure 5. Influencing factors in purchasing and selling Peruvian groundcherry by processors
Source: Elaborated by the authors

In fulfilment to logistical findings, the results pointed out that only 39.10 % of the companies owned
transport facilities, whereas 60.90 % outsourced this service through local van and truck cooperatives. Only
40 % of the companies did not show difficulties in transporting fresh Peruvian groundcherry. Furthermore,
89 % of the companies’ delegates emphasized the high dependency they had on the deliveries carried out for
producers; thus, there was not a competition between both stages. Their suppliers were middlemen (48 %)
and full-time farmers (52 %). Despite the challenges faced with the logistics, it is noteworthy to emphasize
the public investment in roads aimed at improving efficiency. Nevertheless, the enhancement of short
marketing circuits by following trends in customer preferences (figure 6), could reach more sustainable
logistics.
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Figure 6. Categories of Peruvian groundcherry-based products preferred by consumers
Source: Elaborated by the authors

The transition in the commercialization of Peruvian groundcherry in fresh and processed formats was
remarkable. It had quickly spread through local and district markets. However, it was worth noting that the
Peruvian groundcherry chain needed mechanisms to coordinate the flow of goods efhiciently by accounting
social, economic, and environmental aspects jointly. The following section explains the performance and
role of formal distributors and their impact on the functioning of the chain.

Post-production: distributors

In fulfilment to economic findings, the outcomes from the Market Power Control Agency
[Superintendencia de Control de Poder del Mercado] (SCPM) showed a highly concentrated retailing
structure (figure 7). The Herfindahl-Hirschman Index (HHI) presented values higher than 2,500 during
the last 15 years. Besides, they stated that corporations managed the food distribution businesses
and invested intensively to expand their marketing chains. The power of these actors was imminent.
Respondents said that distributors financed activities with capital and bank lending (65 %), while 35
percent used the stock exchange to involve new investors. Also, they argued that each distributor set up a
differentiation strategy to prevent the entry of foreign retailers and procedures to avoid affectations of final
consumer pricing. The price of fresh fruit ranged between USD 2.00 to 3.00/kg, whereas the processed
one ranged between USD 6.00 to 9.00/kg. However, the pricing also depended on the profit margins
predetermined by the board of directors.
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Figure 7. The Herfindahl-Hirschman Index for the retailing sector in Ecuador from 2008 to 2016
Source: Superintendencia de Control de Poder de Mercado (SCPM) (2017)

In fulfilment to logistic findings, the outcomes stated that 80 % of the companies owned a truck fleet,
whereas 20 % outsourced this service through regional truck cooperatives. Also, 90 % of the companies
depended on the deliveries of Peruvian groundcherry products from producers and processors. However,
they considered the fruit farming intention in long term perspective. Besides, 78 % of their suppliers were
SMEs, and 22 % were full-time farmers. Interviewees claimed the strict policies they had to negotiate
directly with formal companies.

Foreign trade

Findings stated that Peruvian groundcherry exports presented a growing trend of volumes with a rate of
13 % per year since 2000. Exporter companies and SMEs faced rigorous revisions because of international
market regulations (Castro-Gonzéles et al., 2015). Further, authorities supported good agricultural
practices to increase competitiveness. However, respondents claimed that 40 % of the exporters faced losses
at some point in the trading process. The main competitors of Ecuador were Colombia, Zimbabwe, Kenya,
and Peru (Espinoza & Monteros, 2016; lizuka & Gebreeyesus, 2017).
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Scanning the configuration

Horizontal configuration. The initial level was responsible for the provision of inputs. The second one
received more than 60 % of the contributions from Level 1. Observations pointed out that the success of
the Peruvian groundcherry chain depends on the associative structures. Level 3 served as an intermediary
between the production and processing stages and channeled off 36 % of the production. Level 4 included
different size processors. Level 5 distributed products to local or international markets and also to
consumers. Level 6 is responsible for retail delivery, food services, and hotels (figure 8). They had direct
connections with consumers and had access to updated information on consumer trends.

Vertical configuration. The outcomes examined the degree of fragmentation and the distribution
of negotiation power. The fragmented level was the second, which is comprised of farmers,
producers, associations, and agricultural cooperatives, and its negotiation power was constrained. Levels
corresponding to input suppliers, processors, intermediaries, and distributors were small structures.
Their negotiation power and capability to differentiate goods were higher (figure 8). These factors were
significant when the market competition took place.
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Figure 8. Horizontal and vertical dimensions of the Peruvian groundcherry chain
Source: Elaborated by the authors

Conclusions

The main actors identified are public entities. The priority of these actors was to strengthen peasant family
sustainability. Therefore, the first strategy was to reinforce these entities, which provided technical training
and monitoring of Peruvian groundcherry cultivation through extension programs. The second potential
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strategy was the stimulation of associativity at the producers” level. This strategy could contemplate a
market orientation so that producers will capture a better national and international market positioning.
The third strategy pointed to the generation of links with academic institutions to improve performance,
efliciency, sustainable management, among other relevant aspects. The fruit and vegetable market was very
competitive, dynamic, and profitable. Therefore, the chain under study required focal actors (companies)
that promote possible horizontal and vertical synergies between the stages. This strategy suggested studies
that deepen collaborative behavior and coordination mechanisms. Finally, the investigation presented
limitations in the performance estimations. Thus, we recommend incorporating new indicators to
analyze sustainability integrally through environmental and institutional dimensions that lead towards the
implementation of circular chain models.
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