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ABSTRACT KEYWORDS

Latin America has historically been a vanguard of agroecology. Sustainability transitions;
In Nicaragua, an agroecological transition is occurring, with socio-technical systems
three decades of building a groundswell based on the farmer- ~ analysis; Latin America;

agroecology; agricultural

to-farmer movement and the recent institutionalization of ¢ 8
innovation systems

agroecology in national law. Yet, problems remain with agroe-
cology’s diffusion. We introduce the Technological Innovation
Systems approach to examine systemic barriers to the agroe-
cological transition and cycles of blockages caused by barriers’
interactions. Based on qualitative data from north-central
Nicaragua, we find the main barriers hindering the agroecolo-
gical transition include weak guidance of the search for agroe-
cology, insufficient capacities and quantities of resources, and
lacking market development. Beyond the Nicaragua case, the
analysis points at the importance of using socio-technical sys-
tems analysis to better understand and address the root causes
behind issues blocking national agroecological transitions.

Introduction

Agroecological farming systems, which utilize ecological principles for the
design and management of resilient, sustainable, and productive farms, have
been identified as promising alternatives to the dominant input-intensive agro-
industrial production model (FAO 2015). While agroecology' started as
a grassroots movement (Altieri and Nicholls 2012), and its initial push came
from social movements (Tittonell et al. 2016), it has increasingly become part
of national policies (Gonzalez de Molina 2013; Gliessman 2017). Agroecology’s
institutionalization in national policies of some countries can be seen as a next
step in the transition of the agri-food system to more sustainable modes of
production and consumption (Bacon et al. 2014), also referred to as the
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agroecological transition (Duru, Therond, and Fares 2015; Ingram 2017;
McCune et al. 2016; Meek 2016; Ollivier et al. 2018; Teixeira et al. 2018).

Particularly in Latin America, “the expansion of agroecology [...] initiated
an interesting process of cognitive, technological, and socio-political innova-
tion [...] Thus, a new agroecological scientific and technological paradigm is
being built in constant reciprocity with social movements and political
process” (Altieri and Nicholls 2017, 235). This has led to great scholarly
interest in processes of agroecological transition in Latin American countries,
as evidenced by this journal’s 2017 Special Edition (Gliessman 2017). The
agroecological transition is a complex, multi-level process involving interac-
tions and co-evolutionary alignments between the focal technology - agroe-
cology - and associated bio-physical, social, political, economic, and
institutional aspects (Blesh and Wolf 2014; Gaitan-Cremaschi et al. 2019;
Pant 2016; Piraux et al. 2010). Hence, the agroecological transition may be
described as the formation and development of a new agroecological innova-
tion system within the dominant incumbent agricultural innovation system
(based in conventional agriculture).

While authors have identified separate technological, political, and finan-
cial lock-in factors that may support or hinder the agroecological transition,
such as a lack of knowledge about, political will to push for, or financing
opportunities to support agroecology (Altieri and Nicholls 2008; Altieri and
Nicholls 2012; Silici 2014; Wibbelmann et al. 2013), there is only limited
analysis on how these factors interact. This paper addresses this gap by
analyzing the development of the agroecological system in Nicaragua
through the lens of technological innovation systems (TIS), defined as “a
set of networks of actors and institutions that jointly interact in a specific
technological field and contribute to the generation, diffusion and utilization
of variants of a new technology” (Markard and Truffer 2008, 611).

TIS analysis has been applied to explain the development of new technol-
ogies and the obstacles they face in transforming incumbent systems in the
development and diffusion of sustainable innovations.” Focusing on environ-
mental sustainability, TIS analysis was originally applied to new energy tech-
nologies (Blum, Bening, and Schmidt 2015; Musiolik and Markard 2011;
Wieczorek et al. 2013). It has been used in the agricultural context to analyze
precision agriculture technologies (Busse et al. 2015; Eastwood, Chapman, and
Paine 2012; Garb and Friedlander 2014), innovations in the dairy sector in
Ethiopia (Kebebe et al. 2015), the mycorrhiza value chain in France (Angeon
and Chave 2014), and rainwater harvesting techniques in Jordan (Sixt, Klerkx,
and Griffin 2017). Recently, the agroecological transition in Rwandan agricul-
ture was analyzed using a socio-technical systems lens (Isgren and Ness 2017);
related transition management theories have been used to explore the Nepalese
agricultural sustainability transition (Pant et al. 2014).
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In this article, we use TIS analysis to go beyond a description of the
development of agroecology in Nicaragua. We identify factors supporting
or limiting the agroecological transition and interactions between factors that
create vicious cycles, further blocking the diffusion of agroecology. Nicaragua
is especially pertinent for this analysis because agroecology has a long history
in the country, has recently been enshrined in national law, and may be
considered in a diffusion stage. The next section introduces the theoretical
framework and some reflections on applying TIS analyses in the context of
agroecology. Section 3 details methods and Section 4 provides results of the
structural-functional TIS analysis of Nicaragua’s agroecological transition.
Conclusions and contributions to literature are drawn in Section 5, and
Section 6 presents a final discussion that reflects on the utility of TIS analyses
to furthering our understanding of agroecological transitions.

Theoretical framework: Innovation systems analysis

In recent years, the TIS approach has become a useful tool for creating
a holistic understanding of actors and institutions involved in the propaga-
tion of innovations (Birner 2012). At the national level, an agricultural
innovation system consists of all actors, institutions, and policy settings
concerning agricultural production and consumption. As a TIS, the agroe-
cological innovation system (AelS) is a subset of the national agricultural
innovation system. It is composed of the actors, institutions, and policies
involved in agroecology. Although this study examines Nicaragua’s national
AelS, it is important to note that some national agroecological organizations
are linked to the global agroecology movement, and as such form part of the
global AelS (in line with ideas of TIS crossing national boundaries (Hekkert
et al. 2007). The following section explains how structural-functional TIS
analysis of the AelS works.

A structural-functional analysis to give new insights on the agroecological
transition

Innovation systems analysis distinguishes structures, i.e. the elements that
make up the system, and functions, i.e. how these elements work in support
of the innovation (Wieczorek and Hekkert 2012). The structures of an AelS
can be delineated as actors, institutions, interactions, and infrastructures (see
Table 1). To identify issues that hinder the diffusion of agroecology, an
innovation systems approach analyzes the way these structures enable inno-
vation in support of a transition towards agroecology by examining the
performance of so-called “functions of the innovation system”. Seven key
tunctions have been identified in the literature and are explained in Table 2
(Bergek et al. 2008; Hekkert et al. 2007). Systemic problems are related to the
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Table 1. Structures of technological innovation systems (based on Wieczorek and Hekkert 2012).
Structure Description

Actors The “players in the game” (Klein Woolthuis, Lankhuizen, and Gilsing 2005). Includes
individuals and organizations, such as farmers, farmer organizations, civil society
organizations, government agencies, knowledge and research institutes, financial
organizations, and donor organizations.

Institutions The “rules of the game”. Can be hard (formal institutions, such as policies, standards, and
regulations) or soft (informal). Institutions can support innovation processes by enabling
space for change, or conversely hinder it through rigidity and close-mindedness.

Interactions Interactions can help actors e.g. align their visions, leverage resources, and share
knowledge. Includes informal interactions between actors or institutions, and formalized
interactions such as networks.

Infrastructures Includes physical infrastructures (e.g. roads, structures, networks, machines, artefacts),
financial infrastructures (e.g. subsidies, specific credit lines, financial programs) and
knowledge infrastructures (e.g., knowledge, strategic information).

presence (or absence) and quality (or capacity) of each of the structures in
contributing to each of the functions (see Table 3) (Wieczorek and Hekkert
2012). Further, systemic problems may have causal relationships and form
clusters of so-called blocking mechanisms. These blocking mechanisms may
reinforce each other, leading to “vicious cycles” of problems that hinder the
further diffusion of agroecology (Weber and Rohracher 2012; Klein
Woolthuis, Lankhuizen, and Gilsing 2005). The coupled functional-
structural analysis identifies these barriers and aids in pinpointing entry
points to support the diffusion of agroecology (Kebebe et al. 2015;
Lamprinopoulou et al. 2014).

Methodology

This research is a qualitative case study analysis of agroecology in Nicaragua.
Results are based on field work conducted in northern and central Nicaragua
undertaken in 2014 and 2016-18.° All field work, including interviews,
workshops, and document analysis, was conducted in Nicaragua’s official
language, Spanish. Table 4 summarizes the field work events and
participants.

A review of scientific and grey literature preceded and accompanied the
field study and results analysis period. This data included national policy
documents (e.g. GRUN 2011, 2012); newspaper articles (e.g. Herrera 2014);
reports from international donors, research centers, civil society organiza-
tions, and non-governmental organizations (e.g. Fréguin-Gresh 2017;
Fundacién Luciérnaga and SIMAS 2010); and peer-reviewed articles on
agroecology in Nicaragua (e.g. Godek 2015; Gonzalvez, Salmerén-Miranda,
and Zamora 2015; McCune 2016; McCune et al. 2016). Scientific literature
was found using keyword searches that reflected the different aspects of this
paper: the term ‘agroecology’ or ‘agroecological’ in combination with
‘Nicaragua’, ‘technological innovation systems’, ‘adoption’, ‘scaling’, or
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Table 3. Systemic problems leading to blocking mechanisms (based on Wieczorek and Hekkert

2012).
Problem dimension  Actors Institutions Interactions Infrastructures
Presence or absence Absence Absence of specific Missing interactions due  Absence of
of actors institutions that to e.g. lacking trust, necessary
support the capacities, differing infrastructures,
agroecological assumptions such as value
transition chains or
knowledge
exchange
Quality/Capacity Lacking ~ Strong institutional Strong network problems Lacking quality of
capacity problems leading to exist when some actors infrastructures, e.g.

of actors technological ‘lock-in’

are erroneously guided  bad roads

by stronger actors; weak hindering timely
network problems hinder access to markets
interaction and

innovation

of conventional
agriculture; weak
institutional problems
hinder innovation
concerning
agroecology

Table 4. Summary of data collection.

Type of data gathering

Details - respondents from organizations

Semi-structured
interviews

Workshops

Farm visits and interviews

Literature review

Document analysis

4 scientists and extensionists from producer organizations
6 scientists from research and education institutes

2 department managers from government institutions

2 managers from financial institutions

1 scientist from INGO

3 scientists from national NGOs

9 agroecological smallholders

2 with agroecological smallholders, total: 27 participants (11 female, 16 male)
1 multi-stakeholder, 8 participants

9 agroecological smallholders (3 female, 6 male)

Scientific literature

Grey literature from involved organizations

Newspaper articles

Government policies

Internal documents from involved organizations

‘transition’. The searches were performed in the scientific literature databases
SCOPUS, ScienceDirect, Web of Science, and Google Scholar.

To understand the agroecological transition from different perspectives - its
implementation at the national (political) level and the rural (farm) level - data
was gathered during research in Managua, the capital, and in three rural areas,
shown in Figure 1. The rural locations were chosen to represent a variety of
agroecological zones (the dry tropics in Esteli and the humid tropics in
Jinotega and Waslala) and cropping systems (mixed basic grains and livestock
in Esteli, coffee-based systems in Jinotega, and cocoa-based systems in
Waslala). Additionally, each area had the presence of an active Territorial
Learning Alliances (TLA, also called innovation platforms in the broader
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Figure 1. Map of Nicaragua with research areas starred (mapsof.net 2014).

literature (Kilelu, Klerkx, and Leeuwis 2013; Schut et al. 2018)) promoting
agroecology. To capture as rich a picture as possible, targeted research parti-
cipants included stakeholders from a variety of groups: agroecological farmers
and farmer organizations, national and local CSOs and NGOs, research insti-
tutes, educational institutes, and government institutions. Semi-structured
interviews were conducted with organizations that work on “bigger picture
issues” (e.g. knowledge-sharing or national development programs) in
Managua. These interviewees acted as informants (describing the bigger pic-
ture and observations from a position as a scientific expert or a policy for-
mulator). Participating organizations were first identified based on
a preliminary literature review. The interviews with representatives from
organizations then provided input on whom else to interview. Interview topics
covered included how agroecology developed in Nicaragua, the organization’s
goals concerning agroecology, its role in supporting agroecology, whom it
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networks or partners with, what kind of projects it undertakes, and what
challenges it has faced in supporting agroecology.

To gain a detailed understanding of what smallholder agroecological farms
may look like in different agroecological zones (Evans and Jones 2011),
interpretive farm walks were held with farmers around Jinotega, Waslala,
and Esteli. Participatory workshops were held in the region around Esteli
because it best represented smallholder farming systems around the country
(e.g. farmers with cropping systems based on basic grains and livestock
production for national consumption and not on (export) cash crops such
as cocoa or coffee). Two kinds of workshops were held: one with farmers and
one with representatives of local CSOs and farmer organizations. Participants
of both workshops were identified through their membership in one of five
local organizations who were members of the TLA. To strengthen the validity
of the data gathered in the workshops, we aimed to capture the opinions of
male and female farmers from a broad range of ages. Farmers acted as
respondents, detailing their direct experiences with agroecology. The orga-
nizations facilitated initial contact with lead farmers in villages around Esteli.
The lead farmers suggested other male, female, and youth farmers who might
be interested in participating in the workshops, whom we contacted and
invited to participate. The organizations also put out a broad invitation to all
members to join the workshops. During the workshops with farmers, parti-
cipants reflected on what ‘agroecology’ and ‘being an agroecological farmer’
meant to them, drew rich pictures of how their farms currently look and how
they would look if they corresponded fully to the farmer’s ideal of an
agroecological farm, and discussed challenges that prevented them from
realizing their ideals of a fully agroecological farm. During the workshops
with representatives of local organizations, participants presented their orga-
nization’s definition of agroecology, its goals in supporting agroecology, with
whom and how it works to support agroecology, reflected on the challenges it
faces in achieving its goals, and identified what steps it would need to
undertake in the near and medium future to achieve these goals. Further,
they discussed what kind of an environment they would need - outside of
their organization - to be able to work more effectively in supporting farmers
to produce agroecologically. To deepen ideas touched upon during the work-
shops, semi-structured interviews were held with several farmers and orga-
nizations. With the interviewee’s permission, the interviews were recorded.
They were later transcribed by a Nicaraguan assistant. To identify themes
emerging from the data, the transcriptions were coded in an ongoing process
based on the grounded theory principles of objectivity and reflexivity (Strauss
and Corbin 1990; Timonen, Foley, and Conlon 2018). Because research
participants acted both as respondents (detailing their personal experiences)
and informants (describing the bigger picture), thick data to be gathered on
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not only organizational issues, but also on personal experiences from those
supporting the agroecological transition in Nicaragua.

We used an event history analysis to explore AelS development over time,
mapping the interactions between structural elements and system functions
to analyze the main events in the development of the AelS (Bergek et al.
2008; Hekkert and Negro 2009; Hekkert et al. 2007; Kebebe et al. 2015). The
event history analysis focused on the development of the AelS since 2007
since that is when the agroecological sector in Nicaragua can be said to have
entered a phase of expansion. The event history timeline was first con-
structed based on the literature and document review and then validated
and enrichened with data gathered from interviews and workshops. The data
from interviews and workshops was further analyzed to unravel the enact-
ment and performance of the seven functions of TIS. Due to the dynamic
characteristics of the AelS’ development, the results present an interpretative
punctual approximation of the development of agroecology in Nicaragua.

Results
Development of the agroecological innovation system

The growth of the AelS in Nicaragua can be divided into three phases, with
developments in each phase strongly influenced by the ideology of the party in
power (see Figure 2). The roots of agroecology lie in the Nicaraguan Revolution,
which culminated in 1979 with the triumph of the popular revolution led by the
Sandinista National Liberation Front (FSLN). Agroecology was introduced in
Nicaragua in 1987, when the National Union of Farmers and Ranchers (UNAG)
invited the Mexican Campesino a Campesino (farmer-to-farmer) movement to
Nicaragua as part of a soil and water conservation program. There has been
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a marked increase in agroecological activity since the re-election of the FSLN in
2006. During the neoliberal regime of the 1990s, as state involvement was rolled
back, non-governmental organizations (NGOs) proliferated. Agroecology con-
tinued to be spread by CSOs, NGOs, and local farmer organizations, but little
happened at the level of government. Hence, we identify three periods in the
development of the AelS: the FSLN’s Revolutionary rule from 1979-1990; the
neoliberal regime from 1990-2006; and the current Government of
Reconciliation and National Unity (GRUN), headed by the FSLN since 2006.
Figure 2 shows a timeline of these three phases. The subsequent analysis focuses
on the period since 2006, when agroecology entered a phase of broader diffusion.

Recent developments: The AelS since 2006

Since 2006, the agroecological transition has caught new headwind; the GRUN
took a lead role in enacting national policies favorable to agroecology, and
numbers of agroecology-minded platforms and networks increased. The
GRUN re-oriented government policy to position the FSLN’s Revolutionary
ideal of self-sufficiency as central to equitable and rapid development (Godek
2015). Hence, the 2009 Sectoral Policy on Food and Nutritional Security and
Sovereignty, part of the government’s National Plan for Human Development,
explicitly links national food security to agroecology in multiple government
arenas like environmental conservation and public health (Herrera 2014). The
national discourse on agroecology has widened to include e.g. broader environ-
mental and ecosystem conservation goals, gender equality for women, youth,
and other disadvantaged groups; CSOs have taken an active role in shaping
national policy (Boone and Taylor 2016; Fréguin-Gresh 2017; Godek 2013). In
2011, the GRUN passed Law 765, the Agroecological and Organic Production
Law. Formal interactions between organizations at the national level has taken
off since 2007, with organizations promoting (agro)ecological farming practices
joining together in umbrella organizations and networks.

Structural - functional analysis of systemic problems in the development
of the aeis

Focused on the broader diffusion of agroecology since 2006, this sub-section
analyzes the seven functions of the AelS presented in Table 2 above. First,
factors that impede the functioning of the AelS are identified; next, systemic
problems hindering its growth are highlighted. These factors are summarized
in Table 5.

F1: Experimentation by entrepreneurs
Representatives of local NGOs and producer organizations who have a broad
overview of the types of actors in agroecology defined two different kinds of
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Table 5. Summary of main positive and negative aspects of each function.

Function Positive aspects

Negative aspects

F1: Experimentation
by entrepreneurs

- 3 decades of farmer experimentation

- Experimentation and demonstration
plots across the country

F2: Knowledge
development

higher education system

F3: Knowledge
exchange - Bachelor, Masters, PhD programs in
universities

- National networks and roundtables of
organizations supporting agroecology

- Regional and international knowledge

- Infrastructural difficulties
- Insufficient market development by
market actors

Formalization of knowledge development - Dependency on donor funding
through farmer organizations and public - Government functionaries lack

knowledge of agroecology
- Insufficient human and organizational
adaptive capacity

- Farmer to farmer schools and networks - Dependency on donor funding

- “Islands of agroecology” that do not
connect to other agroecological
projects or organizations

- Difficulties of working with municipal
governments

exchange through NGOs and research
organizations

- Focus on youth outreach

- Nascent: training for government
employees and awareness-building of
consumers

- Government has written agroecology
and related issues into law

- Government does not focus on
implementing its policies

- Government'’s two-prong approach
(on conventional agribusiness and on
agroecology) is confusing for
stakeholders

- Difficulties of defining “agroecology”

- Low consumer purchasing power

- Insufficient production of and access
to agroecological inputs

- Lacking financial, human, and physical
resource mobilization

- Rapid change of government staff
makes working with municipal
governments difficult

- Difficulties of defining “agroecology”

- Mixed messages of government

- Insufficient creation of market
opportunities and infrastructures

F4: Guidance of the
search

Creation of farmer’s markets in
municipalities and in the capital

F5: Market

formation
F6: Resource International financial resource donors
mobilization

- Groundswell: 3 decades of farmer-to-
farmer movement

- Organizations linking farmer
organizations and policy-making

F7: Creation of
legitimacy

agroecological entrepreneurs: those related to production (farmers) and those
related to distribution (market-related entrepreneurs). Several CSOs, NGOs,
and farmer organizations have supported farmer experimentation for the last
few decades, and experimentation and demonstration plots have been estab-
lished across the country. However, participants indicated several issues
stifling farmers’ experimentation. In workshops, farmers* explained that
many farmers they know do not perceive agroecological production as
a profitable economic activity. This is related to the lack of marketing
opportunities and the perceived lack of agroecological products’ added
value. Rather, agroecology is seen as connected to topics of food security
and the scarcity of farm inputs (interviews; Fundaciéon Luciérnaga and



AGROECOLOGY AND SUSTAINABLE FOOD SYSTEMS 99

SIMAS 2010). Further, even among some farmers and extensionists who use
agroecological practices, the adoption of agroecological systems thinking -
i.e. managing the farm as one interrelated system - is more difficult (inter-
views; Bacon et al. 2014). Related to this, farmers mentioned that the focus of
some cooperatives on the propagation of one crop stifles experimentation:
Farmers are supported in producing one crop, which the cooperative then
markets collectively, but not in diversifying their cropping systems (which is
widely considered to be a basic tenet of agroecology, see e.g. Wezel et al.
(2014). When representatives of cooperatives were asked about this, they
explained that the one-crop focus is a practicality issue related to inadequate
infrastructure - including good roads - for connecting rural villages to local
markets.

Interviewees from NGOs and research organizations in Managua character-
ized experimentation with national markets and value chain creation by agroe-
cological entrepreneurs as weak but improving (see also sub-section market
development below). This experimentation has been led and reinforced by
mainly local producer organizations, CSOs, and NGOs, acting with the permis-
sion of GRUN institutions, like the Ministry of Family, Community, and
Cooperative Agriculture (MEFFCA) or the National System of Production,
Consumption and Commercialization (SNPCC). Together with municipal gov-
ernments, these institutions have worked on establishing alternative food net-
works in municipalities nationwide, including farmers markets and direct
producer-to-consumer networks. A brand for agroecological products has
been developed by the Group for the Promotion of Ecological Agriculture
(GPAE),” with products found in markets and stores in the larger cities and
municipalities. However, these marketing opportunities remain isolated and
without a “big picture” for national agroecological market development.

Alternative possibilities for farmers’ experimentation were given by one
interviewee, from an organization focused on finding opportunities for the
development of alternative value chain and marketing arrangements between
rural production and urban consumption zones. One suggestion was the
development of ecotourism on agroecological farms. Such agri-ecotourism
opportunities are currently found mainly in the coffee zone (around
Matagalpa) and on permaculture farms on Ometepe Island.

F2: Knowledge development

In workshops, farmers® identified knowledge development as a function
strongly filled by the AelS. As mentioned above, three decades of agroeco-
logical knowledge-building and sharing by and between farmers has been
a key point in creating a groundswell of knowledge of and support for
agroecology. Farmer field schools and experimentation plots exist across
the country. Workshop participants and interviewees from organizations in
Esteli found these to be central in furthering specific local knowledge
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development of farmers about agroecological production. They also serve in
peer-to-peer knowledge exchange by farmers (see section on knowledge
exchange below). Agroecological knowledge development has been forma-
lized in national higher education curricula: The National Autonomous
University in Léon (UNAN-Léon) has the oldest agroecological university
program in the country, and the National Agrarian University (UNA) in
Managua offers multiple degrees from technical to masters’ level and
a doctoral program in agroecology. Particularly in formally institutionalized
agroecological knowledge development though higher education institutes,
Nicaragua has the potential to be a regional “lighthouse” (Salazar-Centeno
2013).

Since 2007, the government’s National Agricultural Technology Institute
(INTA) has been given the lead role in linking research and policy (Fréguin-
Gresh 2017). For example, INTA institutionalized a system of community
seed banks (CSBs), spearheaded by PCAC-UNAG since 2002; by 2015, 380
CSBs” existed nationally (McCune 2016). In 2016 and 2017, INTA organized
the First and Second International Congress on Agroecology in Managua —
represented parties were national and international researchers, farmers,
CSOs, government initiatives, and small companies offering agroecological
inputs and products.

However, literature and policy documents show, and interviewees from
NGOs and national universities confirmed, that much of the agroecological
research and development sphere remains very dependent on international
donor funding (Fréguin-Gresh 2017). For example, an interviewee described
a study financed by an Austrian development organization that discovered
a producer who controlled rat populations using a native tree that naturally
repels rats. This old cultural knowledge had been hitherto unknown to scientists
and came to the forefront through this donor-funded study. Two interviewees
decried that in some instances donors have taken control of the organization or
project — e.g. SwissAid of the national “Alliance for Seed Identity” (ASI),
a network of organizations fighting for national seed sovereignty.

Most authors agree that agroecology is highly knowledge-intensive (Altieri
and Toledo 2011; Bellamy and Ioris 2017; Caron, Biénabe, and Hainzelin
2014; Holt-Giménez and Altieri 2013; Isgren and Ness 2017; Miles, DeLonge,
and Carlisle 2017). This indicates that not just farmers and technicians need
practical knowledge, they also need social and economic knowledge, as one
interviewee pointed out. Further, to be able to fully realize an agroecological
transition, institutions and government functionaries need new organiza-
tional and technical knowledge, and the adaptive capacity to internalize
and apply it. Agroecological knowledge development in Nicaragua has been
hindered by a lack of human and organizational adaptive capacity: on the
World Bank’s statistical capacity index (which approximates a country’s
ability to collect, analyze, and disseminate high-quality data about its
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economy and population), Nicaragua’s score has recently decreased to 70
after a 2005 high at 83 (The World Bank 2017). An important step to grow
government functionaries’ knowledge has been made by UNA, whose agroe-
cology degree programs have been frequented by employees of INTA.

F3: Knowledge exchange

Interviews and literature showed that the formal knowledge exchange infra-
structures include farmer-to-farmer schools and networks and the national
research institutes and international networks mentioned above. The techni-
cal and bachelor-level curricula of the national public higher education
system includes agroecological knowledge via environmental knowledge
and social justice classes (MAGFOR 2013; interviews). The Rural Workers’
Association (ATC) has established several agroecology schools around the
country based on the model of international peasant organization La Via
Campesina’s schools and the Freirian model of public education (McCune
et al. 2016). Interviews with NGOs and research organizations and organiza-
tional documents showed that in recent years, organizations as varied as the
PCAC-UNAG, ATC, and MAONIC, the coffee cooperative PRODECOOP,
and NGOs such as the Tropical Agricultural Research and Higher Education
Center (CATIE) and the Mesoamerican Information Service on Sustainable
Agriculture (SIMAS) have focused on the systematization of existing knowl-
edge and experiences of farmers, which is crucial to facilitate the exchange of
information about successful adoption experiences in communities nation-
wide (MAONIC 2011; SIMAS and PCAC-UNAG 2015; Villanueva,
Sepulveda, and Ibrahim 2011). Interviewees, particularly of the organizations
in Esteli, identified another focus of many organizations working in rural
areas: institutionalizing youth outreach and training.

International farmer-to-farmer ties are fostered through producer organi-
zations, NGOs, and CSOs: for example, a 2018 meeting on “Agroecology in
Mesoamerica,” organized by the intraregional Agroecological Movement of
Latin America and the Caribbean (MAELA), GPAE, and ASI, brought
together 40 Nicaraguan farmers and 25 producers from several central
American and Caribbean countries.® Short courses on agroecology, bringing
together students and practitioners from the United States and Latin
America, have been organized by, for example, the USA-based Community
Agroecology Network (CAN) in coordination with ASDENIC in Esteli.
Intraregional institutes, like the Interamerican Institute for Agricultural
Cooperation (IICA) and the Latin American Scientific Society for the Study
of Agroecology (SOCLA), and national institutes like the Mesoamerican
Agricultural Information Service (SIMAS) disseminate agroecological knowl-
edge gathered across Latin America (Fundacién Luciérnaga and SIMAS 2010;
IICA, MAGFOR, and Austriaca 2009; SIMAS 2011b, 2011a).
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Looking at organizational networks, in 2007 the now-defunct Organic
Roundtable (Mesa Orgénica) for the first time brought together government
entities, CSOs, producer groups, and private-sector actors. Interviewees
stressed the important role played by the Mesa Orgéanica in creating Law
765. In 2009 organic and agroecological producer organizations formed the
National Movement of Agroecology and Organic Producers (MAONIC),
a national round table with the explicit goal of anchoring organic and
agroecological production in Nicaragua’s legal framework.” Multiple inter-
viewees highlighted MAONIC as currently playing the leadership role in
Nicaragua’s agroecological movement. The GPAE currently links 36 organi-
zations - farmer cooperatives, CSOs, local farmer-to-farmer groups affiliated
with UNAG (PCAC-UNAG) groups, and research institutions. Its program-
matic goals include putting pressure on the GRUN to fulfill its commitments
to agroecological development as specified in Law 765 (GPAE 2013). Looking
at international knowledge exchange, civil society and research organizations
have come together in the Alliance for Agroecology,'® a network of institu-
tions in seven Latin American countries that investigates not just agroecolo-
gical practices, methodologies, and benefits, but also the processes through
which CSOs and governments have formulated public policy promoting
agroecology.'’ SOCLA has in recent years opened a chapter in Nicaragua,
based at the UNA in Managua, and was instrumental in supporting the UNA
in conceiving and implementing its PhD program in agroecology. MAELA,
formed in 2009, ties together organizations from agroecological movements
across the continent. Interestingly, interviewees confirm that ties to interna-
tional peasant organization La Via Campesina (LVC), a major player in
agroecology in countries around the world, are almost completely lacking.
Currently, the ATC is the one of the few Nicaraguan organizations that
remains a member of LVC,'”> but not even the PCAC-UNAG is still
a member.

Realizing that government functionaries lacked information on agroeco-
logical farming, in 2016 the GRUN (led by INTA) implemented technical
capacity-building in agroecological principles and practices for 72 function-
aries in the SNPCC."> Other government functionaries have attended UNA’s
agroecology programs. Knowledge exchange has traditionally been weak on
the demand side - Nicaraguan consumers are largely not aware of the
benefits, be they social, ecological, or health-based, of consuming nationally
and sustainably-produced food (interviews and Fundacién Luciérnaga and
SIMAS 2010). Organizations such as GPAE and several local CSOs are now
working to increasing consumers’ awareness of these benefits (particularly in
the larger cities and municipalities around the country) through advertising
and public awareness campaigns on TV and in national print media
(Gutiérrez 2017).
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Finally, although it appears that several networks supporting the agroeco-
logical transition exist in Nicaragua, multiple interviewees commented on the
“islands of agroecology” within Nicaragua’s AelS. They explained that
although many groups support agroecology, their work is undertaken with-
out a bigger picture approach and in isolation, without an overarching vision
or alignment with other stakeholders’ foci; hence, they fail to capitalize on
existing synergies. Another example of this given by interviewees in this
study is the ATC, which, as several interviewees from organizations working
at the national level explained, works independently from other national
organizations. A further example, expressed by interviewees from organiza-
tions in Esteli, is difficulties in working with municipal governments because
they are mostly funded by, and answer directly to, the national government,
municipal governments must get approval from the national level before
participating in local projects. This process is usually arduous and time-
consuming, and often results in non-approval from the national government.
Hence, municipal governments’ action radii are limited; this means most
rural projects function independently although they may be located in the
same zone.

F4: Guidance of the search

Literature and policy documents show that Nicaragua’s government has been
the principal provider of credit, technical assistance, and social services to the
agricultural sector since the 1980s (Aradjo and Godek 2014; Fréguin-Gresh
2017; Saravia-Matus and Saravia-Matus 2009). In recent years, the GRUN has
instituted a two-pronged plan for agricultural development: supporting big
agribusiness growth, on one hand, and smallholder production on the other
(Ripoll 2018).

In 2011, the GRUN passed Law 765, the Agroecology and Organic
Production Law (GRUN 2011), followed in 2013 by the associated Technical
Norms for Agroecological Production (NTON 11-037), which provide stan-
dards for agroecological production units (GRUN 2012). Law 765 is part of
a host of legislation concerning broader social and environmental justice issues
that has been passed by the GRUN since 2007 (see Table 6) (MAGFOR 2013).

Table 6. Legislation on agroecology and related topics since

2007.
Year Law (number, issue)
2007 620: Regulation of national water sources
2008 648: Equal rights and opportunities for all citizens
2009 693: Food and nutrition security and sovereignty
2010 705: Regulating the use of biotechnology
2011 747: Animal rights
2011 765: Agroecological and organic production

2012 807: Conservation of biodiversity




104 K. SCHILLER ET AL.

Like other laws on related issues like food sovereignty, it was formulated
through a process of stakeholder consultation (Godek 2015). Yet, it became
clear during the consultations that different organizations were promoting
different definitions of (agro)ecological agriculture (Alianza por la
Agroecologia 2014; Fréguin-Gresh 2017). Further, interviewees from NGOs
and producer organizations in the capital maintained that outside influence in
the formulation of Law 765 — specifically, the FAO’s involvement (as requested
by a government functionary) — watered down the law by, for example,
deleting the term “food sovereignty” and leaving in “food security.” As inter-
viewees stated, the competing discourses — of organic and agroecological
production - can be seen in the wording of the law (this is also highlighted
by Alianza por la Agroecologia (2014)). Interviewees from agroecological
organizations, in particular, feel that the law focuses more on the model of
organic farming: it combines agroecological and organic production into one
piece of legislation, and the NTON 11-037 are unrealistically precise (mirrored
in statements in (Alianza por la Agroecologia 2014)).

In interviews, stakeholders, including farmers, technicians, and research-
ers, perceived the Nicaraguan government as providing inconsistent guide-
lines for agricultural development. Actors see this as an effect of the
government’s business-as-usual attitude towards conventional agricultural
production, including the continued subvention of chemical inputs and
persistent favoritism in government policies towards large landowners with
intensive mono-cropping, animal production, or highly agri-chemical input
dependent crops such as tobacco (Alianza por la Agroecologia 2014). Issues
mentioned in the workshops that affect would-be agroecological farmers
included the insecurity of land tenure and plot fragmentation; the inherent
insecurity of being a small, nature-dependent producer; and the secure
income offered if farmers lease their land and labor to tobacco farms.
Farmers feel that these issues are not addressed by the national government.
Further, interviewees indicated that crucial issues stipulated in Law 765,
including specific financial instruments for agroecological farmers and the
creation of a national council to support agroecology,'* have not been
implemented (reflected also in (Alianza por la Agroecologia 2014).
Working with municipal governments was highlighted as difficult by inter-
viewees, as the former do not have a specific office for agroecology and
contact must be made through one of the municipal commissions on related
subjects such as food security or environmental protection (PCAC, UNAG,
and IDS (2017) mention this too). Hence, as other authors have noted,
regarding, for example, the implementation of food sovereignty in agri-
food policy, “while the law provides a clear institutional structure, it lacks
a ‘road map’ for the implementation process” (Aratjo and Godek 2014, 69).
Further compounding the confusion are the GRUN’s conflicting demands
and policies. For example, the GRU calls for rapid crop yield increases and
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simultaneously for agro-ecosystem restoration, a medium- to- long-term
process. The GRUN’s policies support agroecology but also continue to
regard the export-oriented production of high-value crops as a pillar of
national economic development (Fréguin-Gresh 2017). This latter focus
includes, for example, continued state subventions for fertilizers such as
urea (Baca Castellon 2018). Since 2013, the government has been flirting
with a “middle path” of agroecology that allows the use of certain agri-
chemicals (defined as “green” in the government’s “stoplight” - i.e. green/
yellow/red list of harmful agrichemicals) in agroecological farming (Baca
Castellén 2015), even though this is forbidden by Law 765.

Mixed messages stem from not just the government itself, but also from
closely affiliated organizations such as UNAG, the nation’s largest association
of small- and medium-sized producers. Although it was instrumental in
introducing agroecology in Nicaragua, UNAG has swung back and forth
on including agroecology in its programs.'” Because it re-involved itself in
agroecology so late, interviewees from other organizations fear that UNAG’s
associates lack appropriate knowledge of current agroecological practices and
paradigms. From farmers’ perspectives, organizations promoting both con-
ventional agriculture and agroecology are very confusing. A specific example
given was farm visits from both conventional and agroecological extension
agents from the Association for Development of Nicaragua (ASDENIC),
which operates in northern Nicaragua. Farmers and CSO representatives
lamented that this inhibits farmers’ experimentation with agroecological
practices and undermines agroecology’s legitimacy.

F5: Market formation
Dividing market formation into input- and output-related markets highlights
disparities in market development. Input markets for agroecological inputs
(e.g. clean native seeds, bio-fertilizers, and organic pest and disease manage-
ment products) have been slow to develop, with farmers in workshops and
interviewees from universities and NGOs highlighting sufficient seed produc-
tion as particularly problematic. In workshops, farmers described the lack of
timely access to clean native seeds and pest and disease management pro-
ducts as a main hindrance to adopting agroecology. Other interviewees from
local organizations in Esteli mentioned the lack of sufficient manure to
tertilize fields as a large hindrance affecting particularly the most resource-
poor farmers, who may not own the large livestock that produces manure.
Output markets have mushroomed in recent years. The GRUN, municipal
governments, and CSOs have supported the opening of farmers’ markets in
municipalities nationwide. Stores selling agroecological products have
opened in municipalities and cities across the country. Several farmers’
markets in Managua and surrounding towns foment direct interaction
between consumers and producers. Farmers selling here do not necessarily
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have to be certified but must be using ecological practices, without agri-
chemical use, on their farms (La Prensa 2015). Urban consumers can parti-
cipate in community-supported agriculture schemes,'® or shop in grocery
stores devoted to local and ecological products. Agroecological products are
being marketed towards the tourist segment; producer groups market
directly to stores and restaurants in tourist hot-spots such as Granada, San
Juan del Sur, Léon, and Rivas (El Nuevo Diario 2017). GPAE has developed
a collective brand'” for agroecological products, focused on the national
market. Other certifications exist through BioLatina, which works through
collective certification,'® mostly for organic products destined for export.
Further market-related changes include the first national trade fair, organized
in 2017 by INTA and MAONIC, for small and medium-sized agroecological
and organic producers. This event brought together producers and organiza-
tions from around the country with consumers in Managua.

Yet, other problems persist. Visits to farmers’ markets in the municipa-
lities have shown that often, agroecological products sold there are not
differentiated from conventional products; hence, there is no price premium.
In Managua, some farmers sell agroecological produce in farmers’ markets,
but this is based on individual trust between producer and consumer.
Further, these markets tend to be small in terms of consumers. Although
urban demand is growing, the financial constraints of many urban consu-
mers limit the size of this market; this issue is more pronounced in rural
areas. To overcome these issues, interviewees noted that several organizations
are working together to create four large central markets in Managua where
producers can directly interact with urban consumers. Certifications, such as
offered by BioLatina, may be prohibitively expensive for cooperatives.
A (low-cost) public certification scheme for agroecological and organic
products has been developed based on Law 765 and the NTON 11-037,
but has not been implemented (Alianza por la Agroecologia 2014).
A different issue raised in interviews was skepticism concerning consumers’
willingness to pay a price premium for agroecological produce, which was
perceived as linked to consumers’ lacking information on the benefits of
purchasing and consuming locally and agroecologically produced food.
Finally, three interviewees explained that insufficient production of large
quantities of agroecological products is a bottleneck These interviewees
explained that national market opportunities involving the production of
large quantities of agroecological produce, such as selling to the national
supermarket chains, involve too many intermediaries and long value chains
(from the producers’ perspective) and too low, or unstable, volumes of
production of too many products (from the supermarket perspective) (as
also noted by Michelson, Reardon, and Perez (2012)). As one interviewee
mentioned, several years ago the now-Vice President of Nicaragua, Rosarillo
Murillo, attempted to launch a program to procure all foodstuffs for
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government canteens from national agroecological farms. Yet, the relatively
small quantities produced by agroecological farmers, and the lack of an
organization to coordinate this nationwide, meant that this demand could
not be satisfied by production levels.

F6: Resource mobilization

In the workshops and interviews, all participants perceived resource mobili-
zation as lacking in financial, physical, or human aspects. Financial infra-
structure is missing in two main areas: 1) support for farmers during the time
of transition to agroecology and 2) in specific financial products for agroe-
cological farmers. While transitioning to agroecology, yields are often low;
farmers and technicians mentioned the time lag between investment and
higher productivity as a large deterrent to farmers’ adoption of agroecological
practices. Interviews indicated that although agroecological farmers face
different risks than conventional farmers, no specific financial instruments
for agroecological production, like credit or insurance, are available from
national banking institutes — not even from the Banco Produzcamos, the
GRUN-mandated bank for small and medium-sized farmers, specifically
mentioned in Law 765 as the go-to bank for agroecological producers
(Alianza por la Agroecologia 2014). Particularly the lack of a specific
GRUN budget dedicated to the development and implementation of agroe-
cology programs, including research on bottlenecks like insufficient produc-
tion of and access to bio-inputs, has hampered further implementation of
Law 765 (Baca Castellén 2018; Fréguin-Gresh 2017). This means that the
mobilization of financial resources for agroecology has been strongly led by
international donor organizations,’” and not by the national government
(Fréguin-Gresh 2017). Many (national) NGOs with international financing
have projects on agroecological themes. One interviewee sees this as a result
of the drawback of the state during the neoliberal regime of the 1990s, during
which NGOs mushroomed into the spaces vacated by the public sector.
A related concern, mentioned by interviewees from organizations that work
with the government, is the issue of globalization, which has opened oppor-
tunities for transnational companies’ investment in Nicaragua — but this
investment usually does not consider social or environmental dimensions.
Nicaragua has a friendly climate towards foreign direct investment. In 2017,
PRONicaragua, the government agency in charge of foreign investment, was
recognized by the World Bank as one of the world’s top investment facil-
itators, a recognition given for the first time to an institution in a developing
country (Ripoll 2018). According to interviews, an unexplored issue is the
question of ecosystem services payments for agroecological farmers.
Interviewees from NGOs and research organizations expressed that this
could take two forms: a direct valorization of, and payment for, ecosystem
services provided by ecological agriculture, similar to what exists in other
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countries, or a more structural change, by integrating the costs of negative
environmental impacts caused by conventional agriculture into a national
cost-benefit scheme.

Concerning physical resources, technicians and farmers mentioned lacking
sufficient and timely access to bio-inputs (clean native seeds, organic fertili-
zer, biological pest- and disease-control products) as a large hindrance to
farmers (see sub-section on market formation above). In workshops, farmers
talked about the fragmentation of their fields into disparate plots, making it
more difficult to implement time- and labor-intensive agroecological prac-
tices, as economies of scale are not possible. Fragmentation of fields also
makes more pertinent the problems caused by neighboring conventional
farmers’ fields’ agrichemical runoff, which negatively impacts efforts to
maintain agroecological fields as well as certification standards.

Farmers indicated that insufficient availability of manpower in rural areas
hinders the spread of labor-intensive agroecological production. Many small
farmers, particularly in the tobacco and sugarcane growing areas, find it
more financially stable to rent out their land to these agro-industries and
work as laborers therein. As is the case in many countries, many rural
Nicaraguan youth see more opportunities in urban areas and overseas.”’
These factors lead to a lack of manpower for agricultural production in
rural areas. Human capacity in government institutions was seen as severely
lacking by interviewees. In particular, MEFFCA, which is responsible for
agroecological market development, was perceived as lacking sufficient
human resources to support all the projects they are supposed to be running.
Municipal governments, which could be implementing agroecological pro-
jects, must work solely with government institutions and funds, and thus lose
out on the knowledge and capacity of local producer organizations, NGOs,
and CSOs. A separate issue mentioned in interviews was the rapid change of
government officials, particularly at the municipal level, which was seen to
impede the creation of stable relationships and hence, hinder the institutional
anchoring of and government support for agroecological projects in the
municipalities.

F7: Creation of legitimacy

The interplay between “top-down” (government policy and strategies) and
“bottom-up” (through the farmer-to-farmer outreach of producer organiza-
tions and CSOs) actions for the agroecological transition has shaped the
development of the AelS since the 1980s by creating legitimacy for agroecol-
ogy at both national policy and grassroots levels. Organizations that work on
both aspects, such as MAONIC, have played an important role in presenting
agroecology as a productive alternative - increasing environmental sustain-
ability and food security of farming systems — to both local organizations and
national policy-makers. Particularly MAONIC plays a central role in
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strengthening agroecology’s legitimacy, with interviewees from organizations
in the capital and in Esteli mentioning the organization as holding
a leadership role in furthering the agroecological transition in Nicaragua.
Other actions that support the creation of legitimacy for agroecology include
territorial-based initiatives, such as those pushed by the Association for Rural
Agroecological Development (ADAR) since the 1990s, and which have been
undertaken by multiple institutions.”’ Agroecology’s growing legitimacy
within the formal research and education communities can be seen in
UNA’s development of a doctoral program in agroecology and INTA’s
organization of the Agroecology Congresses in 2016 and 2017. These factors
have increased agroecology’s legitimacy nationwide, but interviewees identi-
fied (and documents bolstered) three issues that significantly lessen agroe-
cology’s legitimacy: 1) different definitions of ecological agriculture held by
organizations, networks, and the GRUN?* 2) mixed messages concerning
agroecology (discussed above in the sub-section on guidance of the search),
evidenced perhaps most clearly in the legislation but non-implementation of
Law 765; and 3) insufficient creation of market opportunities and financial
infrastructures (see sub-section on market creation above). The lack of
agroecology’s legitimacy at a national level may perhaps be exemplified in
the fact that agroecological farmers are not counted by Nicaragua’s agricul-
tural census, held every decade, and interviewees do not think that agroecol-
ogy will be included in the next census either.

Interdependence of systemic problems

The functional-structural analysis in Table 7 above presents systemic pro-
blems that deter the development of the agroecological innovation system.
The results show how weaknesses of the structures, and ensuing interactions
between them, form the blocking mechanisms hindering the further diffusion
of agroecology. Three central conditions cause a chain of issues that nega-
tively impact the further diffusion of agroecology, with the feedback between
them causing vicious cycles of problems (Hekkert et al. 2007), 1) The lack of
a shared common vision for development of the agroecological innovation
system negatively impacts every other aspect of the system; 2) hard and soft
institutional problems hamper experimentation by entrepreneurs and market
formation; and 3) the lacking creation of legitimacy causes vicious cycles
throughout the system. These blocking mechanisms are illustrated in the
following sub-sections.

A lacking common vision for agroecology negatively impacts all other
functions in the system

Lack of a common vision for agroecology resonates and creates problems
throughout the system (see Figure 3) and is partially caused and affected by
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Figure 3. The lack of a common vision for agroecology as a central blocking mechanism
impacting all other system aspects (vicious cycles 1-4 identified by dotted lines; arrows indicate
one-way or two-way relationships between issues).

the lacking guidance of the search by the government. This in turn feeds into,
and is fed by, incoherence in government policies. Policy mismatches may be
found within institutions, between institutions, and between levels of govern-
ment (i.e. national and municipal). All these issues mean that stakeholders,
particularly those government-affiliated, are not coordinating their actions to
the extent they might to leverage scarce resources. This, in turn, feeds into
vicious cycle 2: the non-mobilization of government and national funds in
turn implies that international donor funding remains an important source
of financing for agroecological projects. Since donor funds tends to be
localized in distinct projects, not contributing to an overarching plan of
national agroecological development, the creation of legitimacy for agroecol-
ogy is further negatively impacted. Further, without the security of national
legitimization of agroecology, experimentation by both farmer-entrepreneurs
and market entrepreneurs is weakened. The lack of financing for agroecology
feeds into vicious cycle 3: the absence of market formation results in reci-
procal negative effects concerning experimentation by entrepreneurs. The
lack of financing also means that little consumer-side knowledge develop-
ment is initiated, further weakening consumer demand and the creation of
markets. This connects to vicious cycle 4: the incoherence of government
policies, particularly between national and municipal legislation and imple-
mentation, negatively impacts not just financial, but also human resource
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mobilization. This in turn limits market formation and entrepreneurial
experimentation.

4.4.2 Hard and soft institutional problems negatively impacting experi-
mentation by entrepreneurs and market formation

Experimentation by both market entrepreneurs and farmer entrepreneurs
is negatively impacted by hard and soft institutional problems that reverbe-
rate throughout the system (Figures 4 and 5, respectively). Government
policies and strategies have emphasized agroecology, particularly as part of
the national (food) sovereignty rhetoric, but their implementation has
focused on the technical and knowledge aspects of production without
linking to the necessary demand-side institutional innovations (Figure 4).
Particularly weak are the creation of the relevant physical and financial
infrastructures for (input and output) market development, links with private
sector actors, and the fomenting of consumer demand. A vicious cycle can be
seen in the links between weak market development, weak knowledge devel-
opment by market entrepreneurs, their lack of experimentation, and insuffi-
cient creation of legitimacy for agroecology.

Farmers’ experimentation has historically driven the diffusion of agroecology
in Nicaragua. However, we find that hard and soft institutional problems
negatively impact farmers’ resources and their ability to experiment with agroe-
cological practices on their farms (Figure 5). These hard institutional failures
include land tenure insecurity, land fragmentation, and contamination of agroe-
cological fields with agrichemicals from neighboring conventional fields; renting
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Figure 4. Hard and soft institutional problems weakening market entrepreneurs’ willingness to
experiment (arrows indicate one-way or two-way relationships between issues).



AGROECOLOGY AND SUSTAINABLE FOOD SYSTEMS 113

Agroecological fields
contaminated by
agrichemical runoff from
neighboring conventional
farmers' fields

Insufficient
Land tenure demand-side focus
insecurity &

fragmentation
Lack of
manpower in
rursl areas
For specific

Lacking market During transition parameter; of
formation period agroecubo;mal
production

Lacking price
premiums for
agroecological
produce
inimizes farmers’

willingness to
experiment with
agroecology

Lack of financing
mechanisms

'. h

Mismatch between
policies supporting
both conventional
and agroecological
production

Conflicting information for
farmers from extenionists
same government agency
{agroecological/conventional
production)

Figure 5. Hard and soft institutional problems negatively impact farmers’ willingness to experi-
ment with agroecology (arrows indicate relationships between issues).

out fields that were being ecologically managed to agro-enterprises that then use
conventional methods to grow monocultures; lacking manpower; missing finan-
cing mechanisms appropriate to the specific parameters of agroecological pro-
duction; and lacking infrastructure to get their products to markets, which leads
to the necessity of using middlemen who may capture added value. Further,
because the government lacks a clear idea of the further development of agroe-
cology and continues to focus on conventional agriculture, the same institutions
may provide extension for both conventional and agroecological agriculture,
which may be very confusing to farmers.

Lacking creation of legitimacy creates vicious cycles throughout the system

Lacking creation of legitimacy seems to impact negatively on many of the
other system functions, creating vicious cycles that reverberate throughout
the agroecological innovation system (Figure 6). A central reason for the
insufficient legitimization of agroecology are the multiple discourses on
agroecology, which run parallel to each other and compete for dominance.
On the one hand, the more production-oriented approach is reflected in
what we can call the “organic discourse,” while the social and environmental
justice aspects of agroecology are more broadly reflected in the “agroecolo-
gical discourse.” The conflicting discourses are also found in different orga-
nizations that work with farmers, each using their specific definition of
agroecology. Further, some organizations that do rural extension have dif-
ferent departments focused on conventional and on agroecological agricul-
ture, with extension agents promoting one or the other - at times to the same
farmers. These conflicting discourses feed directly into the contrary policies
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Figure 6. Insufficient creation of legitimacy causes vicious cycles throughout the agroecological
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relationships between issues).

and practices, supporting either conventional agriculture or agroecology,
which are found within government agencies, between different government
institutions, and between government institutions operating at national and
municipal scales of government. Hence, we see that the institutional frame-
work supporting agroecology is fragmented, with a semi-developed frame-
work for theory and practice of each discourse.

Four vicious cycles can be identified. In cycle 1, insufficient creation of
legitimacy and the continued conventional agriculture focus of the govern-
ment influence each other and lead to the weak mobilization of financial
resources. This feeds into cycle 2, in which the lack of financial resources and
the focus on conventional agriculture lead to insufficient market develop-
ment and insufficient consumer demand creation, which also impact nega-
tively on each other. Elements of vicious cycle 3 connect to issues in the other
three cycles. The insufficient creation of legitimacy for agroecology is inti-
mately interlinked with the multiple conflicting discourses on ecological
agriculture, which both feed into and are influenced by the lacking guidance
of the search by the government. Lacking guidance of the search is
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exemplified by the government’s continued focus on conventional agriculture
and policy mismatches between and within government institutions and
levels; these lead to a lack of incentives for entrepreneurial experimentation
and activity, as demonstrated in vicious cycle 4.

Discussion

The role of interconnected problems hindering the breakthrough of
agroecology

Using the TIS approach, we were able to categorize distinct problems in the
functions and the structural components of the AelS. This adds to earlier work
in agroecological literature (e.g. Mier Y Teran Giménez Cacho et al. 2018) by
identifying not just single issues, but interrelationships between problems that
form vicious cycles blocking the development of the agroecological transition.
Figure 7 illustrates the overarching functional problems hindering the further
diffusion of agroecology. It demonstrates the interdependence of the different
parts of the AelS: a weakness in one can have a cascade of (negative or positive)
effects in others, an issue mentioned, but not systematically explored, by other
authors (e.g. Isgren 2016). Highlighting the centrality of co-innovation pro-
cesses by stakeholders from different areas (Klerkx, van Mierlo, and Leeuwis
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Figure 7. Vicious cycles between central functions that hinder the further diffusion of agroecol-
ogy (arrows indicate interrelationships between issues).
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2012), the TIS approach also enables a differentiated analysis of stakeholders’
possibilities to further grow the AelS.

Figure 7 illustrates that the TIS analysis allows us to identify specific
vicious cycles that exist between the lacking creation of legitimacy, guidance
of the search, market formation, experimentation by entrepreneurs, and
resource mobilization. Interestingly, the functions knowledge development
and exchange do not seem to be as affected. Reasons may include the
relatively stable institutional setting of the knowledge development and
exchange infrastructures, which are based in either the national universities,
or in peer-to-peer exchanges by farmers (and technicians). This institutional
stability may relate to sunk interests in resources such as knowledge infra-
structures (e.g. institutionalized teaching programs from technician to doc-
torate levels) or physical resources (e.g. land used for experimental farms,
farmer field schools, and demonstration plots). Further, capacity-building is
writ large on the agendas of international organizations, which as our
research shows, figure prominently in the funding of agroecological projects
in Nicaragua.

Authors writing on agroecological transitions have reflected on the differ-
ence between “soft” (focusing only on technological aspects) and “hard”
(encompassing broader system change, such as changed political and social
contexts) agroecological transitions (Angeon and Chave 2014). In Nicaragua,
this divide is mirrored in the competing discourses on “ - the more produc-
tionist, technologically-focused notion of organic agriculture, and a more
comprehensive vision of agroecology, including social justice issues.” The
struggle between these two discourses strongly negatively impacts the further
diffusion of agroecology for several reasons. First, without a clear definition
of agroecology, government institutions use one or the other discourse,
feeding into  conflicting policies within and between state
institutions. Second, research institutes, universities, NGOs, and CSOs work-
ing in Nicaragua use “their” definition, which hinders their ability to work
together and jointly leverage resources. Difficulties that may arise from
diverging definitions of agroecology have been highlighted by other
authors® (Bellamy and Toris 2017; Giraldo and Rosset 2017; Rivera-Ferre
2018; Somarriba et al. 2012).

Lacking state leadership in promoting agroecology has been regarded
as a key hindrance to its development, but in Nicaragua, policy is in
place. With its enshrinement in national law, agroecology in Nicaragua
changed from being a social movement to being formally institutiona-
lized in national policy. This is in line with general trends of agroecology
moving into the political sphere (Bellamy and Ioris 2017; Gonzalez de
Molina 2013; Gonzalez, Thomas, and Chang 2018; Levidow, Pimbert,
and Vanloqueren 2014; Meek 2016; Sabourin et al. 2017). The policy has
enhanced agroecology’s legitimacy vis-a-vis conventional agriculture and
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has boosted institutionalization in knowledge and research institutes and
infrastructures. However, our analysis highlights that policy alone is not
sufficient to create legitimacy for agroecology. Our study shows dispa-
rities between policy and its implementation, a gap which has been
identified in literature as blocking general innovation system growth,
especially in emerging economies (Intarakumnerd and Chaminade 2007).
An understudied aspect of agroecological knowledge development is
what forms of knowledge are needed by government functionaries to
better support the agroecological transition. The trend of agricultural
research and development in emerging economies being dependent on
foreign donor funding has been noted by other authors (IFPRI and IICA
2008), as have the mixed impacts of foreign or transnational institutions
financing of elements of sustainability transitions in emerging economies
(Hansen and Nygaard 2013; Sixt, Klerkx, and Griffin 2017). Beyond
international financing mechanisms, transnational information linkages
have also been shown to be important influencers for sustainability
transitions in emerging economies (Binz, Truffer, and Coenen 2014).
Both trends can be seen in Nicaragua. Historically, Nicaragua was
important to the consolidation of LVC as a movement and its framing
of food sovereignty (Edelman 2008; Godek 2015; Mier Y Teran Giménez
Cacho et al. 2018); currently, multiple networks link national organiza-
tions with regional and global agroecological institutions. Hence,
Nicaraguan agroecology is part of the process of “glocalization,” in
which local practices are informed by (and in turn form part of and
inform) an emerging global TIS, a “community that shares cognitive,
formal and normative rules” (Schot and Geels 2008, 543). As can be seen
by the example of FAQO’s influence in shaping Law 765, glocalization
remains an interesting avenue for future research. Our TIS analysis
supports Blesh and Wolf’s finding find that agroecological transitions
are “socioecologically mediated,” i.e. constrained and enabled by bio-
physical and socioeconomic resources, and multilevel, involving indivi-
dual as well as collective action (Blesh and Wolf 2014, 433). Further, we
agree with Mier y Terdn Giménez Cacho et al.’s conclusions regarding
the eight drivers of agroecological transitions, which can also be seen as
socioecologically mediated (Mier Y Teran Giménez Cacho et al. 2018).
As our study demonstrates, a focus on social and environmental benefits,
but a lack of attention to the market side, may be detrimental to
cementing agroecology’s legitimacy, as has been shown for the related
subject of food sovereignty (Thiemann 2015). Authors have shown that
local market development, favorable to producers, is necessary to further
grow the AelS (Khadse et al. 2017; Mier Y Teran Giménez Cacho et al.
2018). The TIS analysis allowed us to tease apart individual issues. By
highlighting their inextricable linkages, it enabled us to untangle some of
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the thornier issues and supported other authors’ arguments for the
necessity of coupled innovations between agricultural technologies, insti-
tutions, and organizational structures (Gaitan-Cremaschi et al. 2019;
Khadse et al. 2017; Meynard et al. 2017).

Contributions to promoting agroecology in Nicaragua

In Nicaragua, bottom-up (lead by grassroots organizations) and top-down
(lead by national government) processes are in play, an element which other
authors have identified as critical to the diffusion of agroecology (Tittonell et
al.; Toledo 2012). Our research has highlighted several other issues that could
be improved upon to further the transition. For all of these issues, the
creation of a “thick legitimacy” for agroecology - as suggested by
(Montenegro de Wit and Iles 2016) and including scientific, political, civic,
legal, practical, and economic evidence in favor of agroecology - could aid in
supporting the agroecological transition.

We agree with Ramos-Mejia, Maria Franco-Garcia, and Jauregui-Becker
(2018) that, in emerging economies, “the role of socio-technological innova-
tion is not only about becoming more resource-efficient, but about reconfi-
guring power balance within production-consumption systems” (Ramos-Mej
fa, Franco-Garcia, and Jauregui-Becker 2018, 222). Yet, as also mentioned by
Fraser, Fisher, and Arce (2014), this is not (yet) occurring in Nicaragua:
conventional agriculture remains entrenched as the main form of production
and the question of power imbalances is not addressed (De Laiglesia 2011).
This stems partly from lacking policy coordination within and between
government agencies, at both national and municipal levels: this negatively
impacts all other functions, particularly the creation of legitimacy for agroe-
cology as a viable option for farmers. Yet, the lack of a common vision of
agroecology, illustrated by the competing discourses on agroecology, can be
identified as a root of the policy mismatches. Without the development of
a solid institutional framework for agroecology, based on a common defini-
tion of the term, the further development of agroecology may be difficult.
The stronger implementation of the agroecological councils that are written
into Law 765 could bring together stakeholders to formulate a joint vision of
agroecology and agroecological development in the country. Following
Amekawa et al. (2010), the innovative inclusion of non-traditional actors,
such as NGOs, CSOs, or private sector actors, in these councils and in
agroecological networks could support the development of national market
opportunities. The formation of human resources in government organiza-
tions - for functionaries implementing agroecology policy, and for research-
ers and functionaries in the government’s Agricultural Research and
Innovation System, could aid in bettering policy implementation and
research processes (Mufioz Izaguirre 2017).
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The problematic of “islands of success” of isolated agroecological projects
has been noted by other authors (Gonzalez de Molina 2013). The develop-
ment of “agroecological territories,” which is already being pushed by multi-
ple research organizations, NGOs, and CSOs, is an important next step in
consolidating the “islands of agroecology” working in a specific region
(Landero et al. 2016) and enhancing food self-sufficiency (Schipanski et al.
2016). However, in addition to this bottom-up work, processes of territorial
consolidation also need supportive public policy, the involvement of local
governments, and political will for implementation (OECD, FAO, and
UNCDF 2016). Differences within a territory — agroecosystemic and local
priorities — need to be considered, as do opportunities to link rural and urban
areas, e.g. through more direct interactions between consumers and produ-
cers (Vaarst et al. 2017).

Regarding experimentation by farmer-entrepreneurs, a number of barriers
stand out: insecure land tenure, which hinders the adoption of agroecological
practices (Bandiera 2007; Broegaard 2005; Harvey et al. 2017); severe land
fragmentation, which is a severe impediment to the development of inte-
grated farming systems (Dethier and Effenberger 2012; Isgren 2016; Levain
et al. 2015); the absence of timely access to sufficient amounts of bio-inputs,
including clean native seeds, organic fertilizers, and biological pest- and
disease-management products; insufficient availability of rural manpower;
insufficient access to credit when needed; and infrastructural difficulties in
getting products to markets. These barriers could be addressed by organiza-
tions at different levels (e.g. seed propagation by local universities and by
individual farmers diversifying into seed production). New arrangements
could be made with large-scale ranchers to sell their excess manure to local
cooperatives. Universities and INTA could be involved to investigate and
produce biological pest- and disease-management products. Land fragmenta-
tion and tenure issues are subjects to be addressed by municipal or national
government but could be discussed within villages first. Concerning on-farm
adoption of agroecology, the impacts of parcel fragmentation have been more
studied from a biodiversity perspective (Liere, Jha, and Philpott 2017;
Perfecto, Vandermeer, and Wright 2009). Credit issues could be handled
by the Banco Produzcamos, which is dependent on national government
input or by credit schemes from local cooperatives. The implementation of
a public procurement policy, together with the creation of an organization to
bundle production, assume risks, and organize distribution to government
centers, could be a tool to grow national markets. Barriers to private-sector
involvement in the creation of market opportunities are many, and thus
point to focusing on input provision (Henderson and Casey 2015) or on
innovative ways of arranging markets for diverse products, such as direct
contact between producers and consumers (Lanka, Khadaroo, and B6hm
2017; Vaarst et al. 2017). Beyond the discussion about if it is through
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overprice or value chains that rentability could be improved, our results
suggest that a “retail transformation” (Reardon et al. 2009), focusing on the
health, nutrition, and environmental benefits of agroecological products,
could be beneficial to agroecological farmers. As suggested by other authors,
the valorization of ecosystem services provided by agroecology could serve as
an entry point to increasing agroecology’s profitability to farmers (D’Annolfo
et al. 2017; Dendoncker et al. 2018; Gliessman et al. 2012; Liere, Jha, and
Philpott 2017; Ponisio and Ehrlich 2016). Further, synergies between agroe-
cology and alternative opportunities, such as ecotourism, could be explored.

In Nicaragua, knowledge concerning the technological aspects of agroecology is
growing more rapidly than the development of the associated necessary knowl-
edge, physical, and financial infrastructures incentivizing agroecological produc-
tion and creating consumer demand for agroecological products. As David and
Bell (2018) note, instructors should be teaching processes, not just content (David
and Bell 2018). In line with Vandermeer and Perfecto (2012), traditional knowl-
edge from farmers and new knowledge generated in universities could be com-
bined to form agroecological knowledge that is both deep and broad. We agree
with Meek and Tarlau (2016) that critical food systems education, including
praxis, policy, and pedagogy, is a path towards reflexive producers and consumers
of agroecological products (Meek and Tarlau 2016). To grow consumer awareness
of and demand for nationally-produced agroecological products, two avenues
could be followed. First, following insights from Echegaray (2016), cooperatives
and groups like the GPAE could better highlight their corporate social responsi-
bility aspects, related to the ecological and social benefits of promoting agroeco-
logical products (Echegaray 2016). Second, an advertising campaign highlighting
the benefits of an agroecologically-based agri-food system, emphasizing possible
environmental, social, and health benefits, and identifying local points of sale, to
air on the government-affiliated television and radio stations that broadcast
nationwide. To support phenomenon-based learning processes (Francis et al.
2013), demonstration plots, which can be a driving factor in urban sustainability
transitions (Werbeloff, Brown, and Loorbach 2016) and are used widely by farmer
organizations in rural Nicaragua, could be placed in urban parks across the
country as part of the government’s current program of public park rejuvenation.
This could bolster agroecology’s legitimacy with the Nicaraguan public, particu-
larly if agroecology is framed as an indicator of national sovereignty.

Conclusion: Understanding and supporting agroecological transitions

Following the central research question - what are the barriers to the
agroecological transition in Nicaragua? - we used a structural-functional
TIS analysis to identify mechanisms that block the further diffusion of
agroecology. We found that using the TIS approach aids in analyzing the
growth of agroecology in a holistic manner. Based on results from our case
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study in Nicaragua, we identified some central mechanisms blocking the
agroecological transition: policy mismatches, inadequate mobilization of
resources, and insufficient market development, which weaken entrepreneur-
ial opportunities and experimentation. Although these blocking mechanisms
hindering the diffusion of agroecology are strongly interlinked, the TIS
analysis allowed us to pinpoint specific factors empowering these barriers.
The results of this research highlight the coupled innovations that are
necessary to drive agri-food systems sustainability transitions. A central
factor is the fragmented institutional framework concerning agroecology,
which inhibits a wide-spread perception of agroecology as a viable alternative
to conventional agriculture, as well as hinders concrete actions that could
incentivize stakeholders in the agroecological innovation system. Two other,
strongly interlinked, factors are the lack of a common definition of agroecol-
ogy, and the lack of a common vision amongst stakeholders for the devel-
opment of agroecology vis-a-vis conventional agriculture. These factors open
interesting avenues for future research, particularly concerning the power
struggles during the development of common definitions of and vision for
contested processes such as agri-food system sustainability transitions, the
role of politics and the state in transition processes (Gonzalez de Molina
2013), and the role of individual and organizational agency in transitions.
More generally, they indicate that research on transitions towards agroecol-
ogy would benefit from insights gained from the use of systemic frameworks
such as socio-technical systems approaches.

Notes

1. This paper uses the definition of agroecology set forth by Francis et al. (2003):
“Agroecology as the integrative study of the ecology of the entire food system,
encompassing ecological, economic and social dimensions. [....] The definition
expands our thinking beyond production practices and immediate environmental
impacts at the field and farm level” (Francis et al. 2003, 100f).

2. For example, the development of clean water systems (Geels 2005), or the transition
from coal to diverse energy technologies (Turnheim and Geels 2013).

3. Initial research was undertaken in 2014; follow-up research in 2016, 2017, and 2018
served to deepen and triangulate information from 2014, and, as agroecology is
currently in a very dynamic phase, to investigate recent developments.

4. The results presented here are based in research that attempted to capture the points of
view of farmers of all ages and genders. For the purposes of this article, farmer’s
opinions were COHERENT across ages and genders, so we do not differentiate
between women, men, and youth farmers.

5. See gpaenicaragua.blogspot.com.

6. Although farmers participating in our study were targeted by gender and age, their
opinions regarding issues pertaining to these seven functions were similar. Hence, we
do not differentiate between male, female, and youth farmers in these results.
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7.

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

Although mainly for seeds for basic foodstuffs — maize, beans, and sorghum - some
CSBs are now focusing on vegetable seeds as well.
See http://semillasidentidad.blogspot.nl/2018/03/productores-de-mesoamerica.html.

. See http://maonic.org/acerca/ for more information.
10.

Composed in Nicaragua of the PCAC, SIMAS, GPAE, MAONIC, Centro Humboldt,
and the National Table for Risk Management.
http://unag.org.ni/alianza-por-la-agroecologia-quienes-somos/.

The other current member is the Roundtable for Agriculture and Forest (MAF), which
is formed by the ATC and five other organizations (MAF 2018).

The training was based in coffee, cacao, vegetable, and basic grain production, sup-
ported by the UNA and funded by the Food and Agricultural Organization of the
United Nations (FAO) to support institutional capacity-building. It lead to an
‘International degree in agroecological management with emphasis in food security’
(FAO 2016a, 2016b).

Organized by the national agricultural ministry (MAG), the national council would
bring together representatives from organizations working in agroecology: four gov-
ernment ministries, INTA, two each from regional councils and universities, one
representative from the private (post-harvest) sector, and four from farmer organiza-
tions. Highlighting the split between competing discourses on ecological agriculture,
two would be from agroecological farmer organizations and two from organic organi-
zations (GRUN 2011).

UNAG introduced agroecology to Nicaragua by inviting Mexican agroecologists in the
late 1980s and was instrumental in the formation of LVC as well as in the formulation
of the term ‘food sovereignty’ by LVC in the early 1990s (Edelman 2008; Godek 2014,
2015; Mier Y Terdn Giménez Cacho et al. 2018; Toledo 2012). In the mid-1990s, it
abandoned its agroecological program, but in recent years it has switched back to
promoting agroecology alongside conventional agriculture and houses the farmer-to-
farmer program (known as PCAC-UNAG).

See, for example, (Managuafuriosa.com 2015).

GPAE stresses that it has a brand to identify agroecologically produced products but
does not certify producers (see http://gpaenicaragua.blogspot.nl/search/label/
CAPACITACIONES).

Collective certification signifies that not only individual producers, but all farmers in
a producer organization are certified, and is based on social control to maintain
certification standards (see e.g. BioLatina’s handbook on quality control for group
certification at http://www.biolatina.com/doc_bl/org_informacion/GCI-240417.pdf,
(last accessed April 4, 2018)). Recognizing that certification by itself is not sufficient
to ensure food security of farming households (Bacon et al. 2008; Beuchelt and Zeller
2011; Fraser, Fisher, and Arce 2014), it is nonetheless a first step in the standardization
of agroecological production units for marketing purposes and .

Documents show that, for example, the European Union, international non-
governmental organizations (INGOs) (e.g. Heifer International, Catholic Relief
Services), international solidarity organizations such as VECO Mesoamérica, foreign
development agencies such as SwissAid, or the FAO fund agroecological projects and
organizations in Nicaragua.

800,000 Nicaraguans, or 10% of the population, live and work overseas, sending
remittances (totaling around 10% of Nicaragua’s GDP in the first half of 2017) to
support their families back home (BCN 2017).

Examples include: the ATC’s drive to create an agroecological corridor in the dry
tropics of western Nicaragua; GPAE’s efforts to link disparate stakeholders across
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territories; the creation of TLAs to provide a space for interaction and coordination
between (agroecological) organizations in three areas in northern Nicaragua, an initia-
tive led by the International Center for Tropical Agriculture (CIAT); and UNA work
with ADAR on territorial development.

22. For example, the Mesa Organica promotes monocultures of export crops and input
substitution, including the use of certain biological pest control and fertilizer products,
while the Alliance for Agroecology aims to strengthen the legal base of national
agroecological production while contributing to environmental conservation and
restoration, the promotion of native seeds, and a firm stand against transgenic seeds.
Within the GRUN, some entities conflate agroecology with organic agriculture
(Fréguin-Gresh 2017), while they have divergent definitions in Law 765 (discussed
above in the sub-section on guidance of the search).

23. For example, Wezel et al.’s split of agroecology into a science, a movement, and a practice
(Wezel et al. 2009) and rebuttals against this (Rivera-Ferre 2018); the debate generated by
FAOQ’s High Level Panel of Experts open e-consultation on ‘Agroecological approaches and
other innovations for sustainable agriculture and food systems that enhance food security
and nutrition’; and the debate attempting to conflate agroecology with Climate Smart
Agriculture (e.g. Saj et al. 2017), which is rebutted (e.g. Pimbert 2015).
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