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A B S T R A C T

Agriculture significantly contributes to global environmental change, highlighting the urgent need for 
sustainability-oriented innovations and transitions in today's agri-food systems. In this context, agri-startups 
emerge as promising actors, yet their innovation processes—particularly the influence of their regional 
embeddedness—remain under-researched. In such contexts, a combination of the concepts of regional innovation 
systems (RIS) and entrepreneurial ecosystems (EE) seems particularly promising not least to explore the dy
namics of structure and agency. This study investigates how RIS structures dominated by incumbent actors of the 
intensive agri-food regime enable or constrain agri-startups’ innovation and the (co-)creation and realization of 
opportunities. Using the five proximity dimensions—geographical, cognitive, social, institutional, and organ
izational—in combination with a qualitative network analysis, we find that strong social and institutional ties 
among incumbents can limit integration of new actors' knowledge. Agri-startups rely on intermediaries for 
network access, but this often shapes their innovations and transformative potential of (regional) opportunities, 
reflecting the power dynamics within an established agricultural RIS.

1. Introduction

Given the societal and environmental consequences of exploitative, 
intensive, and unsustainable agricultural practices, research on sus
tainability transitions of the agri-food sector, and the associated inno
vation systems, is gaining in importance (Friedrich et al., 2023; Hector 
et al., 2025; Klerkx & Begemann, 2020). Against the backdrop of the 
often highly territorial nature and manifestation of sustainability chal
lenges and transitions, we are interested in the geographical dimensions 
and place-specific (perceptions of) challenges and opportunities for 

sustainability-oriented innovation and systemic change (see also Feola 
et al., 2023; Minh, 2019; Rock et al., 2025). In this regard, the regional 
embeddedness of sustainability-oriented innovations and actors, 
including their interrelations and different types of proximity, has been 
argued to be an important but under-researched aspect (e.g., Schlaile 
et al., 2024, 2025; Wilke & Pyka, 2024, 2025). Our case study in 
Northwest Germany, a region that has been framed as the German 
“‘Silicon Valley’ of modern agricultural production” (Beck et al., 2024, 
p. 6; Windhorst, 2016), contributes to this body of work by focusing on 
the regional embeddedness of agri-startups1 and how this relates to their 

* Corresponding author.
E-mail address: katharina.rock@zalf.de (K. Rock). 

1 Following Blank and Dorf (2012), we define startups as nascent ventures with a repeatable and scalable business model based on innovative products or services. 
These new companies are founded without existing corporate structures. This distinguishes them from so-called derivative startups, which are characterized by the 
transformation of existing economic entities into new corporate entities through reorganization, takeover, or other measures (Huchtemann & Theuvsen, 2018). By 
agricultural startup or, in short, agri-startup, we mean new ventures that focus on the upstream segment of agricultural value chains, including all steps before final 
consumers are involved, in contrast to ventures focusing on the downstream part, such as online delivery services, which have no immediate impact on how 
agricultural goods are produced or processed (Burwood-Taylor et al., 2020).
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roles in sustainability-oriented innovations and transitions. To this end, 
we primarily build on a combination of regional innovation system (RIS) 
and entrepreneurial ecosystem (EE) literature.2 The RIS framework offers 
a nuanced geographical lens on structural and institutional factors that 
govern the interactions between actors driving innovation (Asheim 
et al., 2016, 2019). Yet, it also exhibits complementarity with the 
framework of EE that emphasizes the dynamics of entrepreneurial ac
tivities, which are often framed around the creation, recognition, dis
covery, and exploitation of opportunities (Santos, 2025; Stam & van de 
Ven, 2021; Qian & Fu, 2024). We find the combination of these two 
concepts especially promising in view of our case study region: The re
gion is characterized by intensive farming and is home to multiple 
agri-food firms. It thus shows many characteristics of a RIS with a strong 
institutionalization and specialization in a mature industry (Asheim, 
2007; Tödtling & Trippl, 2005; for details, see Sect. 3). At the same time, 
several agri-startups have emerged in or relocated to the region in recent 
years, accompanied by appendant EE-actors (Beck et al., 2024). These 
actors constitute tangible (e.g., monetary) and intangible (e.g., socio-
cultural) network relationships on which (agri-)startups heavily rely (e. 
g., Acs et al., 2017; Boschma & Frenken, 2010; Mikhailov et al., 2021), 
as they have an explicit need for local ties to connect with customers, 
validate their ideas, and source skilled labor (Lachman & López, 2022). 
Multiple additional actors have been identified as important in these 
networks. Among others, these include incumbent firms,3 whose social, 
material, and financial means have both an enabling and hindering ef
fect on agri-startups (Fairbairn & Reisman, 2024; Mac Clay et al., 2024). 
Moreover, incubators and accelerators4 are key actors in these networks, 
often financially backed by incumbent firms, thus potentially 'grooming' 
agri-startups to meet the interests of those firms (Fairbairn & Reisman, 
2024). Notably, even if their aim is to promote sustainable development 
through agri-startups, incubators and accelerators are still subject to 
profit-oriented market forces (Stephens & Wolf, 2023). To a certain 
(limited) extent, farmers are also part of these networks, as agri-startups 
tend to only sporadically interact with them. This is why these startups’ 
innovations can occasionally be only of limited use to farmers (Fairbairn 
et al., 2022). Investors are also part of these networks and may regard 
agri-startups as a profitable investment opportunity that fulfils the moral 
imperative of solving neo-Malthusian and environmental threats (Sippel 
& Dolinga, 2023). Finally, universities are seen as essential to these 
networks as they convey entrepreneurial knowledge to their agricultural 
students (Jamshidi & Shafiee, 2023) but have been criticized for failing 
to grasp possible futures and consequences accompanying agricultural 
innovations (Rijswijk et al., 2019). At the same time, a lack of awareness 
about the innovation environment in agriculture among public actors 
and supportive laws as well as regulatory complexities can hinder the 
development of a viable RIS or EE for agri-startups (Norouzi et al., 
2023). While these prior studies give excellent insights into single con
nections between agri-startups and actors of more established 

innovation systems, it is not well understood how these relationships 
possibly change the co-creation of opportunities and the “transformative 
potential” they hold, that is, the degree to which innovation actors 
co-create and realize opportunities that perpetuate the status quo or 
create a chain of commitments for sustainability-transitions in agri-food 
systems (Friedrich et al., 2022, 2023; Klerkx & Villalobos, 2024; Schlaile 
et al., 2021). Addressing this research gap seems particularly crucial 
considering the sector’s tendency to incremental innovations, priori
tizing efficiency over sustainability gains (Mittenzwei & Schiller, 2025), 
its rather ‘non-disruptive’ agri-startups (Fairbairn et al., 2022), and the 
observation that these tend to (unintentionally) reinforce lock-ins 
through their innovations when they are deeply intertwined with the 
socio-economic configurations and identities of a rural-agrarian region 
(Rock et al., 2025).

We consider the five proximity dimensions known from the geog
raphy of innovations (Boschma, 2005) to be a useful framework for 
examining the aforementioned relationships, as it allows to go beyond 
the confines of physical distance, by considering also cognitive, orga
nizational, institutional, and social proximity as important dimensions. 
The proximity dimensions have recently gained traction among sus
tainability researchers as they can be connected to diverse knowledge 
types and flows needed for sustainability transitions and help to identify 
constellations of regional embeddedness that may either facilitate or 
hamper the sustainability of innovations (Schlaile et al., 2024, 2025; 
Wilke & Pyka, 2024, 2025). Based on the assumption that knowledge 
creation and learning depend on combining various, complementary 
competences of heterogeneous actors (Nooteboom et al., 2007; Schlaile 
et al., 2018), this study seeks to unravel the interplay of knowledge in 
learning and innovation processes around agri-startups within RIS. Our 
study is guided by the following research questions: 

(1) Which actors constitute the RIS agri-startups are embedded in, and 
how are their relations characterized in terms of the five proximity 
dimensions?

(2) How do the different proximity dimensions enable or constrain agri- 
startup innovations, and how do they relate to opportunities for 
sustainability-oriented innovations and transitions in the agri-food 
sector?

We use an in-depth qualitative case study approach for answering 
these questions. In this regard, our research design constitutes a meth
odological contribution in itself as it allows us to gain more in-depth 
insights into social, cultural, and geographical conditions and intangible 
factors that are crucial for understanding innovation dynamics but 
difficult to measure with quantitative designs (e.g., Fritsch, 2025). 
Conceptually, we contribute to recent attempts of integrating or 
cross-fertilizing EE and RIS.

2. Theoretical foundations

Our article builds on literature at the intersection of economic ge
ography, studies of entrepreneurship, innovation (systems), and sus
tainability transitions of agri-food systems. In Sect. 2.1., we detail the 
merits of utilizing the complementary frameworks of regional innova
tion systems (RIS) and entrepreneurial ecosystems (EE). Sect. 2.2.
highlights the role of proximity as an important procedural dimension of 
the regional embeddedness of innovations and actors within EE and RIS.

2.1. Cross-fertilization between regional innovation systems and 
entrepreneurial ecosystems: structure and agency

The RIS and EE concepts demonstrate the potential for cross-fertil
ization, as they tend to focus on complementary aspects and dimensions 
of structure and agency, which are topics of ongoing relevance in eco
nomic geography, sustainability transitions research, and beyond (e.g., 
Benner, 2024; Fuchs, 2001; Hector et al., 2025; Rölfer et al., 2025). 

2 We acknowledge that the framework of agricultural innovation systems (AIS) 
has emerged as one of the most prominent approaches to innovation systems in 
agricultural studies (Klerkx et al., 2012). By focusing on questions and concepts 
from economic geography, our study may thus also be understood as a 
contribution to the literature on regional AIS (Minh, 2019), regional systems of 
entrepreneurship (Qian et al., 2013), and the importance of context for EE 
(Pugh et al., 2024).

3 The terms 'incumbent firm' or 'incumbent' are used to describe a well- 
established company or organization that is often conceptualized as a powerful 
actor within a certain industry or region with rather ambiguous yet important 
roles in sustainability transitions and regional industrial change (e.g., Baum
gartinger-Seiringer, 2022; Friedrich et al., 2023; Magnusson & Werner, 2023).

4 Incubators and accelerators are organizations aiming to support startups by 
helping define and build their initial product, identify customer segments, and 
securing resources such as capital and employees. They are limited in duration, 
provide a small amount of seed money and workspace, as well as networking, 
educational and mentorship opportunities (Cohen et al., 2019).
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Here, we build on in-depth reviews, comparisons, and juxtapositions by 
others (Fritsch, 2025; López-Rubio et al., 2020; Qian & Fu, 2024; Santos, 
2025; Stam & Spigel, 2018), which provide an important theoretical 
foundation. Typically, the RIS literature emphasizes the systemic in
terdependencies between actors, networks, and institutions embedded 
in specific regions with distinct socio-material structures and entangle
ments that influence the (co-)creation and diffusion of knowledge and 
innovations (Asheim et al., 2019). While much of the RIS literature has 
focused on the interplay between actors from academia, industry, and 
government / public sector—also known as the “triple helix” (Etzkowitz 
& Leydesdorff, 2000)—more recent works have also included other 
(types of) RIS actors, networks, and intermediaries beyond the con
ventional set of ‘innovation agents’ (Asheim et al., 2019; Tödtling et al., 
2022). Still, one of the core features of RIS is that they are paying 
particular attention to knowledge, the interactive nature of innovation 
and learning processes, and their regional embeddedness (Asheim et al., 
2019; Cooke et al., 2007; Spigel, 2016). While embeddedness can have 
different meanings and implications (Beckert, 2003; Hess, 2004), in this 
article, we use the term regional embeddedness rather broadly to 
describe the quality of relationships between regional actors, innovation 
processes, and the regional circumstances and conditions (Schlaile et al., 
2024, 2025). As these relationships are not static (e.g., due to the tem
porary nature of collaborations, project funding, strategic partnerships, 
etc.), embeddedness has a dynamic, evolving character and includes the 
process of embedding (Grossetti, 2008; Wigren-Kristoferson et al., 
2022). Furthermore, regional embeddedness has multiple dimensions 
and facets, including different types of proximity (see below). Due to this 
focus on structural factors and conditions that enable or constrain 
regional capacities and capabilities for the co-production of knowledge 
and innovation, arguments for (policy) interventions in RIS often 
concentrate on addressing structural innovation system failures (Pyka 
et al., 2019; Tödtling & Trippl, 2005). Such structural system failures 

may relate, for example, to infrastructure, institutions, networks and 
interactions, path dependence and lock-in, and capabilities (Klein 
Woolthuis et al., 2005; Weber & Rohracher, 2012).

The EE framework emerged partly in response to a critique of this 
structural focus of the RIS concept and partly because of debates origi
nating from diverse academic communities (Alvedalen & Boschma, 
2017; Kansheba & Wald, 2020). EE scholars have argued that the 
literature on innovation systems more generally tends to disregard dif
ferences in the type of firms (e.g., startups and established firms) and the 
important roles of new ventures and entrepreneurial activities (Stam & 
Spigel, 2018). While such differences in focus may prompt researchers to 
adopt either RIS or EE as a conceptual lens, we concur with colleagues 
emphasizing that EE and RIS are complements, not substitutes (Qian & 
Fu, 2024; Santos, 2025), holding significant potential for conceptual 
integration (Fritsch, 2025). In the context of our study, we see particular 
potential for cross-fertilization as the EE framework has been argued to 
focus more on the agency of entrepreneurs and the important role of new 
ventures in realizing (local) possibilities for innovation, regional 
development, and value (co-)creation (Brown & Mason, 2017; Santos, 
2025; Vogelaar & Breznitz, 2025). At the same time, this actor-centrism 
and the focus on individual agency can also be criticized from the 
perspective of RIS. Hence, the distinctions between RIS and EE may be 
understood as illuminating different aspects in the interplay of structure 
and agency (Benner, 2024; Emirbayer & Mische, 1998; Grillitsch & 
Sotarauta, 2020), with both RIS and EE representing systemic ap
proaches that typically tend to focus on different but complementary 
variations along an “agency-structure continuum” (see Fuchs, 2001, for 
terminology).

Building on the entrepreneurship literature, the “entrepreneurial 
opportunity” is often seen as a core element of EEs (Alvedalen & 
Boschma, 2017; Qian et al., 2013; Qian & Fu, 2024). Notably, and in line 
with the RIS literature, (co-)creation, recognition, discovery, and/or 

Table 1 
Juxtaposition between RIS and EE concepts.

RIS EE

Important Aspects 
and Foci

− Can be defined as “interacting knowledge generation and exploitation 
sub-systems linked to global, national and other regional systems” 
(Cooke, 2004, p. 3)

− Core elements: actors, networks, and institutions (Asheim et al., 2019)
− Formal rules and informal norms form an institutional framework that 

impact RIS’s functioning; innovations are an outcome of interactive, 
localized learning embedded in specific socio-cultural settings (Asheim 
et al., 2019; Spigel, 2017)

− Importance of proximity for collaboration between actors (Asheim et al., 
2019; Boschma, 2005)

− Policy interventions often focus on improving innovative performance 
of existing RIS actors by strengthening institutions and establishing 
intermediaries as well as other organizations supporting joint 
knowledge generation (Qian & Fu, 2024; Santos, 2025).

− Policy objective: overcoming (structural) innovation system failures 
(Pyka et al., 2019; Tödtling & Trippl, 2005; Klein Woolthuis et al., 
2005)

− Can be argued to focus on the structural pole(s) along the agency- 
structure continuum (Qian & Fu, 2024; Santos, 2025).

− Emphasis on interactions between startups / entrepreneurs (as key actors) 
and other actors and factors (Qian & Fu, 2024), often with a focus on a 
particular territory (Stam & Spigel, 2018)

− An EE can both enable and constrain entrepreneurial activity and its 
outcomes in terms of value creation (Stam, 2015)

− The (co-)creation, recognition, discovery, and/or exploitation of 
opportunities is often considered to be a core function (Qian et al., 2013)

− Policy implications: move beyond undiscriminating incentives for 
(increasing the number of) entrepreneurs by improving the conditions for 
“productive entrepreneurship” (Stam, 2015; Wurth et al., 2021) with 
context-specific and bespoke policy interventions (Brown & Mason, 2017)

− Can be argued to focus more on the agency pole(s) along the agency- 
structure continuum (Qian & Fu, 2024; Santos, 2025).

Key Actors

Following Martin et al. (2023): 
− Firms
− Cluster organizations / industry associations
− Authorities / government agencies
− Research institutes
− Universities and other organizations providing higher education

Following Isenberg (2011) and Mason and Brown (2014): 
− Established / incumbent firms
− Startups
− Venture capitalists
− Business angles
− Banks
− Universities / educational institutions
− Public sector agencies
− Financial bodies / capital funds
− Accelerators / Incubators
− Workforce
− (Early) customers
− Entrepreneurial associations

Avenues for 
(Reciprocal) 
Enrichment

− May benefit from a more nuanced consideration of agency as well as 
distinct firm types and their characteristics and/or power relations  
(e.g., differences between startups and incumbent firms), among others.

− May benefit from paying more attention to structure, especially the type 
and quality of relationships between EE actors and their roles in co- 
creating and realizing different opportunities, among others.
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exploitation of entrepreneurial opportunities are often place-based and 
strongly interdependent with the configuration of regional actors, 
knowledge networks, resources, institutional arrangements, culture, etc. 
(Birkholz, 2025; Schlaile & Ehrenberger, 2016; Stam & van de Ven, 
2021). Consequently, the policy implications derived from EE studies 
often highlight the relevance of regional and context-sensitive in
terventions to improve the overall quality of the EE (e.g., in terms of 
startup culture, networks, or access to capital) to facilitate realizing and 
actualizing these (regional) opportunities (Stam, 2015). Importantly, 
such contingency on regional embeddedness applies not only to business 
opportunities (Birkholz, 2025) but also to a broader spectrum of op
portunities for regional development (Grillitsch & Sotarauta, 2020; 
Kurikka et al., 2023). Thus, both opportunities for incremental in
novations as well as those for transformative innovations are co-created 
and realized through interactions with other actors in the (eco)system 
(Schlaile et al., 2021). Therefore, the type and quality of these in
teractions can also be expected to provide insights into the “trans
formative potential” of these opportunities, or their potential to 
challenge the status quo (Klein Woolthuis, 2010; Schlaile et al., 2021). A 
deeper understanding of these relational opportunity dynamics is 
particularly relevant in the agri-food sector with its unique socio-
material characteristics and its powerful and influential incumbents 
(Fairbairn & Reisman, 2024; Klerkx & Villalobos, 2024), which raises 
important questions about the type and quality of the RIS and EE actors’ 
relationships in terms of different proximity dimensions as discussed in 
the following subsection. Table 1 summarizes the preceding arguments 
by presenting a juxtaposition of RIS and EE concepts and their respective 
foci with an eye to the complementary aspects relevant to our study.

2.2. Interplay between agri-startups and incumbents, regional 
embeddedness, and proximity dynamics

The roles of long-established and influential RIS actors such as 
incumbent firms and their (change) agency in sustainability-oriented 
innovation and transition processes in the agri-food sector have become 
an increasingly recognized research topic (Fairbairn & Reisman, 2024; 
Friedrich et al., 2023; Klerkx & Villalobos, 2024). Several studies sug
gest that a concentration of power and influence by incumbents tends to 
result in rather incremental improvements that perpetuate current 
methods of agricultural production as well as their multifaceted societal 
and environmental disadvantages (Gonera et al., 2023; Hockerts & 
Wüstenhagen, 2010). These systemic problems are often strategically 
sustained by interdependent incumbents in mature industries through 
collective actions, by influencing, for example, the guidance of search (i. 
e., the selection of technological trajectories or designs) or entrepre
neurial activities (Wesseling & van der Vooren, 2017). However, strong 
collective identities of mature industries may be a double-edged sword: 
While they can shape innovation trajectories by limiting the (trans
formative) potential of innovations when aligning them with the 
industry’s core identity traits, such core identities can also provide a 
“safety net” for industrial experimentation (Sraml Gonzalez & Gul
brandsen, 2022). Hence, incumbents exhibit what economic geogra
phers refer to as “maintenance agency”, “reproductive agency”, or 
“stability agency” (Baumgartinger-Seiringer, 2022; Benner, 2024; 
Grillitsch & Sotarauta, 2020). For the agri-food sector, scholars 
observed, for example, that incumbent firms striving for market domi
nance may absorb the transformative ambitions of agri-startups (e.g., 
through gatekeeping or more subtle forms of influence and lobbying), 
thus entrenching the unsustainable status quo (e.g., Fairbairn & Reis
man, 2024). At the same time, agri-startups often strongly rely on 
infrastructure, capital, and networks controlled by incumbents, thus 
potentially reinforcing dependencies and industrial consolidation 
(Fairbairn & Reisman, 2024; Mac Clay et al., 2024). Another challenge 
for co-creating and realizing the transformative potential of regional 
opportunities may stem from the agri-startups (and their business 
models) themselves—if they favor more pragmatic adaptations to 

existing industry and power structures over challenging them (Rock 
et al., 2025). Such assimilatory strategies can also prompt agri-startups 
to propagate the narratives and promises of disruptive change while 
actually pursuing simple technological fixes. As incumbent firms, which 
are strongly embedded in the existing RIS, may perceive these startups 
to be more closely aligned with their own agendas and interests, they 
may be more willing to act as partners and investors (Fairbairn et al., 
2022).

However, incumbents can not only act as gatekeepers and inhibitors 
but also as accelerators and drivers of (e.g., institutional) change 
(Friedrich et al., 2023; Gonera et al., 2023). Incumbents’ behavior may 
also show both support and restraint, depending on their readiness for 
new markets, keeping “sustainable innovation on a leash” (Smink et al., 
2015). This paints a complex and ambivalent picture of incumbency and 
system-level agency (Benner, 2024). In addition, various opportunities 
for sustainability-oriented innovations may emerge, for example, 
through mission-driven accelerator and incubator programs that focus 
on value co-creation with a positive social and/or environmental 
impact, which can attract sustainability-oriented startups (Fairbairn & 
Reisman, 2024). With an eye to the previous section, therefore, we 
expect the agency to (co-)create and realize opportunities for sustaina
bility-oriented and potentially transformative innovations to be strongly 
(regionally) embedded and thus dependent on the interactions and re
lations between various actors.

Based on the above theoretical considerations, we expect the re
lationships between actors to provide insights into potential network or 
interaction failures (as discussed by Klein Woolthuis, 2010; Klein 
Woolthuis et al., 2005) and how they relate to directionality failures (cf. 
Weber & Rohracher, 2012) that reflect obstacles to realizing more 
transformative “systems entrepreneurial opportunities” (cf. Schlaile 
et al., 2021). Given that regional embeddedness can have multiple 
meanings, we follow Schlaile et al., (2024, 2025) by considering prox
imity as one important element of the procedural dimension of regional 
embeddedness.

As decades of research in economic geography have shown, the (co-) 
creation and transfer of knowledge is facilitated by five different but 
interrelated dimensions of proximity (see Boschma, 2005; Wilke & Pyka, 
2025): 

1) Geographical proximity is defined as the spatial or physical dis
tance between actors. Geographical proximity can contribute to 
easier communication and, therefore, facilitate joint learning, espe
cially when tacit knowledge is involved (Delgadillo et al., 2021). 
However, it is no guarantee for a successful knowledge exchange 
(Bloise, 2022; Boschma, 2005). If the other four dimensions are 
strong, they can make up for low geographical proximity (Tani et al., 
2021).

2) Cognitive proximity relates to the actors’ common cognitive base 
that should be neither too close nor too distant to enable joint 
learning and the exploration as well as exploitation of opportunities 
(Schlaile et al., 2018). Thus, an appropriate level of cognitive prox
imity is important (Nooteboom et al., 2007).

3) Institutional proximity includes laws, rules, regulation, social 
norms, habits, routines, traditions, etc., and it is frequently linked to 
geographical proximity. The two dimensions are not necessarily 
congruent, as actors in close geographical proximity can, for 
example, still be separated by (sub-) national borders with different 
laws and regulations (Wilke & Pyka, 2025). Institutional proximity 
may make up for a lack in cognitive proximity, but research also 
suggests that cognitive proximity can close gaps in institutional 
proximity (Hansen, 2014).

4) Organizational proximity describes the level of organization of a 
connection between actors cooperating in innovation activities (e.g., 
relating to the extent of formalization and hierarchies). It thus cap
tures mechanisms of governance and power and, therefore, degrees 
of control vs. autonomy in organizational arrangements (Boschma, 
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2005; Wilke & Pyka, 2025). As the organization of collaboration 
evolves over time, the routines that emerge in the organizational 
processes can even compensate for the lack of other proximity di
mensions (Dubois, 2019).

5) Social proximity captures trust between innovators based on close 
social ties (e.g., friendship or kinship) that facilitate the exchange of 
knowledge—especially if there is low institutional proximity 
(Dubois, 2019). Trust, as an expression of social proximity, may also 
help to overcome hurdles arising from low cognitive proximity. The 
same accounts for low geographical proximity (Delgadillo et al., 
2021).

The ‘right’, balanced mixture of these five dimensions is crucial for 
innovations and, arguably, for the co-creation of entrepreneurial op
portunities, as too much proximity can hamper collaboration (Boschma, 
2005). Wilke and Pyka (2025) describe two mechanisms of how the 
proximity dimensions interdepend: First, they can reinforce each other, 
meaning that high proximity in one dimension can lead to an increase in 
another one. Second, there can be a dyadic effect of either overlap or 
substitution, implying that a high proximity in one dimension can 
compensate for low proximity in another, thus also underscoring the 
complexity of the co-evolutionary relationships within systemic pro
cesses of innovation and entrepreneurship (Breslin et al., 2021).

3. Case study and methods

3.1. Case study site

This study focuses on the western part of the German federal state of 
Lower Saxony, located in the Northwest of Germany (see Fig. 1), 
distinguished by its industrialized rural agrarian character with few 
small urban centers (Vechta, Osnabrück, Cloppenburg, Oldenburg).

With its unfavorable soils, Northwest Germany used to be charac
terized by subsistence farming until the end of the 19th century when 
modern transportation opened up the opportunity to import feed and 
fertilizer and export agricultural products, especially pork. This devel
opment accelerated in the 1950s, laying the groundwork for the inten
sification, concentration, and specialization by which the region is 
characterized today. This type of intensive agriculture has led to the 
development of numerous firms covering various parts of the agri-food 
value chain, including breeding, stable and agricultural machinery 
technology, and food processing. Some of these firms are so-called 
'hidden champions', while others are well-known global market leaders, 
such as Grimme, Big Dutchman and the PHW Group (Klein & Tamásy, 
2015; Verbund Oldenburger Münsterland e.V.). Together with farmers, 
politicians, and public agencies, these firms form a closely knit network 
that drives the region’s economic prosperity. The public sector is char
acterized as agribusiness-friendly, keen to create favorable investment 
conditions for conventional, intensive farming. Additionally, the region 
offers a specialized local labor market, a high degree of societal accep
tance for that kind of agribusiness (Klein & Tamásy, 2015), and various 
agri-food research and development facilities (Windhorst, 2016). With 
these elements of collaboration, knowledge development, and resource 
accessibility as well as the given cultural and institutional structures, the 
region provides tailored support for the specific needs of conventional, 
highly industrialized agriculture (Hall et al., 2007). Such RIS with a 
strong institutionalization and specialization in mature industries can 
face various problems such as a loss in competitiveness and innovation 
capacity (Asheim, 2007; Tödtling & Trippl, 2005), often due to their 
highly developed and specialized knowledge generation and diffusion 
system (Kaufmann & Tödtling, 2000). Indeed, the mentality in the re
gion has been described as rather reflecting a pragmatic (i.e., application 
and market-oriented) approach to innovation and R&D, with no 
particular evidence of a more ‘disruptive’ startup culture, and minimal 
support for risky innovations (Beck et al., 2023). However, at the same 
time, the region has been dubbed the “‘Silicon Valley’ of modern 

agricultural production” (Beck et al., 2024, p. 6; Windhorst, 2016), thus 
reflecting characteristic elements of EEs. The latter perspective is 
seemingly shared by the German Federal Government, which has 
appointed the region as the national key location for innovations in the 
agri-food sector (BMWE, 2025). This initiative, called ‘de:hub’, aims to 
“accelerate the digital transformation in agriculture and develop sus
tainable solutions for global challenges” and to develop the region into 
an “international hotspot for agri-food innovations”, through connecting 
startups with established firms, research facilities and investors 
(Seedhouse, 2024, p. 8). This ‘dual character’ of the region with a his
torically grown RIS and relatively new EE actors further highlights the 
need for a more integrative methodological approach that realizes the 
potential for conceptual cross-fertilization as discussed in Sect. 2. 
Although these conceptual debates are not new, empirical analyses 
based on both RIS and EE, as in this study, remain rare and urgently 
needed—not least to “inform further rounds of meaningful conceptual 
discussion” (Qian & Fu, 2024, p. 466).

3.2. Research design and methods

Proximity has long been acknowledged as an important factor in 
processes of knowledge exchange and innovation, which is why various 
approaches for measuring or capturing proximity exist, often using a 
quantitative research design (e.g., Aldieri et al., 2020; Janssen & 
Abbasiharofteh, 2022). However, such quantitative approaches may not 
adequately capture the quality of relations between actors. Therefore, 
we adopted an exploratory qualitative single-case study design (Yin, 
2018). Especially when an ‘extreme’ case is chosen, valuable insights 
can be drawn from a single case study that contribute to a deeper un
derstanding of a phenomenon (Flyvbjerg, 2006)—such as the embedd
edness of agri-startups in a historically grown RIS—than information 
gained from average cases. By combining qualitative, semi-structured 
interviews with drawing visual network maps during the interviews, we 
aim to reveal the “stories behind the edges and nodes” (White, 1992, p. 
66). The qualitative approach to network research offers the opportunity 
to engage with the dynamics of interactions and the roles various actors 
enact through their relationships. Moreover, it helps to illuminate how 
social, cultural, or geographical conditions impact network practices 
and patterns. The flexibility of semi-structured interviews is especially 
useful for an exploratory case study capturing the interview partner’s 
(IP) own systems of relevance, while maintaining some level of stan
dardization. Moreover, it can easily be combined with other data 
collection methods (Bosch et al., 2024; Hollstein, 2011), including visual 
tools as in this study. The final visualization of the network data 
collected by researchers is common in network science, whereas 
(collaborative) visual network research collecting network data together 
with IPs using visual methods is a rather new approach (Gamper & 
Schönhuth, 2020). Visualization can reduce the abstract nature of topics 
and make complex relationships more palpable by providing the possi
bility to refer to concrete actors or relationships on the map. The visual 
tool encourages the IP to reflect on the network constellation, to ‘think 
aloud’, and, therefore, allows for new topics to surface that have not 
been considered before (Ryan et al., 2014).

As we focus on an innovation system in a specific region with distinct 
actors and relationships, we technically analyze a “whole network” 
(Gamper & Schönhuth, 2020). In the interviews, we did not predefine an 
initial network structure, but we provided plain white paper, colored 
sticky notes, and markers in different colors to create room for exploring 
subjective relevance. A certain standardization was provided by the 
interview guideline that allowed both the IP and the researcher to 
instantly reflect upon and validate the visualized network (Gamper & 
Schönhuth, 2020). First, we asked the IP to introduce themselves and 
describe their role in the network. Second, we asked what made the 
region so innovative in the agricultural sector compared to other re
gions, giving the IP the chance to give their view on the region’s image 
as the 'Silicon Valley of modern agriculture' (Beck et al., 2024; 
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Windhorst, 2016). Third, we asked a multidimensional name generator 
question, which allows for the survey of larger, more complex networks 
and weak ties (Wolf, 2010), to elicit actors and begin the visualization. 
Initially, we asked the IP to write down (on sticky notes) all the actors 
they consider relevant for innovation activities in the regional agri-food 
sector and, subsequently, actors from outside the sector who affect 
agri-food innovations and non-regional actors who were connected to 
the region’s innovation activities. We then asked the IP to organize the 
name cards in a way that made sense to them (geographical, hierar
chical, etc.) and to explain why they chose this type of ordering. 
Moreover, it was determined where the agri-startups are positioned in 
their network map and why, as well as what role agri-startups play for 
the region. After identifying the different actors and their positions in 
the network, the focus of the interview moved on to the connections 
between these actors. First, the content or type of relationships was 
identified by asking the IP whether knowledge, money, or other material 
matters were provided and received by whom. Second, we asked how 
the relationships were characterized in terms of their organization, 
meaning whether they were rather loose and ad hoc/spontaneous, or 
more frequent and tighter, etc. Third, the relationships were charac
terized in terms of their qualities, whether they were robust, superficial, 
trusting, etc. The final question posed to the IP sought their personal 
assessment of the network, now that they were looking at it. Here, we 
specifically asked the IP to identify the aspects of the network that they 
considered to be effective and to identify areas that might be improved 
(potentially reflecting network failures).

Although it was our original intent to build our study exclusively on 
the view of agri-startups on their networks, we found them to be rather 
reluctant to disclose insights into their network.5 Such secrecy is not 
uncommon, considering that sharing sensitive knowledge, such as 
network contacts, can expose startups to imitation or loss of competitive 
edge, which is why they may guard such information to secure scarce 
business opportunities or partnerships (Andrade et al., 2022, 2023). Yet, 

analyzing startup networks through the lens of actors other than startups 
themselves also provides advantages, as the former tend to have a more 
systemic perspective on networks and may observe patterns of collab
oration, resource flows, and network challenges that startups may not be 
aware of (van Rijnsoever, 2020, 2022). Furthermore, this approach ac
knowledges the pivotal roles of incumbent actors in regional innovation 
activities, including the formation and success of startups (Fritsch, 
2025). However, a more direct perspective on agri-startups is still 
included through interviewees IP 4 and 7. In total. 16 interviews were 
conducted between January and March 2025, ten in person and six 
online.6 For the interviews conducted online, a digital whiteboard was 
used that provided the same features as the analog setting described 
above. On average, one interview lasted about 50 min. The following 
table provides an overview of the IP sample.(Table 2).

The interviews were then transcribed, and a thematic qualitative 
data analysis (Kuckartz, 2014) was done by the first author using the 
software MAXQDA (VERBI). The deductive codes consisted of the actors 
found in the RIS and EE literature (see Table 1), relationship (sub-codes: 
monetary, informational, material), the five proximity dimensions 
explained above in Sect. 2.2 (geographical, social, cognitive, organiza
tional, and institutional) and their respective expression (high, medium, 
low). The following results section presents these findings in an aggre
gated form for each proximity dimension. To visualize the results as 
shown in the following section, network maps were created manually by 
the first author for each proximity dimension, based on a synthesis of all 
interviews. The visualizations include typical elements of network maps: 
nodes show the actors and the edges represent the respective proximity 
dimension and its expression.

4. Results

In this section, we describe the composition of a RIS—and agri- 
startups’ embeddedness within it—along the five proximity dimensions 
explained in Sect. 2.2, which shape the relationships among RIS and EE 
actors and the knowledge flow between them. A deeper reflection upon 

Fig. 1. The regions Oldenburger Münsterland and Osnabrück in the German federal state of Lower Saxony (Source: Territorial units for statistics (NUTS), © 
EuroGeographics for the administrative boundaries).

5 The following response from a potential interviewee from an agri-startup 
exemplifies this: “Unfortunately, I must decline your request […]. Our extensive 
network is an ingredient in our recipe and the result of many years of experience and 
work, which we would like to keep to ourselves.”

6 Interviews were conducted in German. All quotes from the interviews 
presented in this article have been translated into English by the first author.
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the interrelations between these proximity dimensions and their 
enabling and constraining effects on agri-startup innovation is provided 
in the discussion (Sect. 5).

4.1. Cognitive proximity

The regional incumbents are characterized by being complementary 
in nature, as they all work in the same industry but are not in direct 
competition. This attribute renders the exchange of knowledge signifi
cantly more appealing. Yet, incumbents are very keen to maintain an 
‘optimal’ (from their perspective) cognitive proximity to other actors. 
They do not ‘overshare’, or as IP5 described their knowledge sharing: “I 
am in favor of the region becoming strong. But first, I am in favor of becoming 
strong. That's farmer's cleverness. […] I share where it doesn't hurt me. But 
first I make sure that I get my own rights.”

Incumbents realize that their business models, which have been 
working for almost a century, need to be revised. Especially when it 
comes to cross-sectoral issues such as AI-assisted technologies, they 
cooperate with firms from other sectors (e.g., laser industry), where the 
cognitive proximity is lower. Agri-startups are regarded as possible 
stimulus if their innovations are not too distant from the incumbents’ 
knowledge base. If agri-startup innovations are ‘too innovative’, that is, 
cognitively too distant from the incumbent, they may be “parked 
somewhere” [IP5] until a certain level of development, that is, sufficient 
cognitive proximity, is reached that allows them to be incorporated into 

the incumbent’s operations. Moreover, some interviews illustrate the 
delicate balance between cognitive distance and cognitive proximity as 
discussed in the literature (e.g., Nooteboom et al., 2007). For example, 
too little cognitive proximity between firms and agri-startups may have 
led to (too) high expectations and disappointments, as IP4 has observed: 
“They thought that a young company would come along and create a 
quantum computer […] within six months. No, that's not how it works. That's 
three people. So, you simply must cultivate the right mindset.” On the other 
hand, particularly within incumbent firms, IP3 describes the case of too 
much cognitive proximity, leaving little space for startups to introduce 
their ideas: “How can I want something or want to use something if I don't 
even have the imagination to believe that it exists? Or that it is even possible?”

IP7 criticizes a lack of self-reflection on the part of users to identify 
potential applications for innovations: “To reflect on yourself, I think that's 
the biggest problem we have, because it's not taught anywhere.” This leads to 
the regional universities of applied science and the extramural research 
institute, whose main mission is seen in the cultivation of the appro
priate young professionals that are a fit for the regional companies. In
cumbents want to make sure that the next generation of their employees 
have the optimal cognitive proximity to them by involving them early 
on, for example, by conducting final theses with them. Within the uni
versity of applied science, a cognitive proximity that facilitates in
novations is pursued through the interdisciplinary cooperation between 
agricultural studies and engineering. Science in the region does not want 
to “dictate from the ivory tower” [IP 14], but to work together with 

Table 2 
Overview of interview partners’ formal roles / positions.

IP No IP’s roles/positions Type of actor

IP 1 Chairman of institute of applied research for the regional agri-food sector Science
IP 2 Employee of an association representing the interests of the regional municipalities Public sector
IP 3 Employee of regional marketing company and agri-startup founder Private sector
IP 4 Former employee of state agency in Lower Saxony and agri-startup founder Public sector (formerly) / private sector
IP 5 Chairman of lobby group for the regional agri-food sector Private sector
IP 6 Employee of the Investment and Development Bank of Lower Saxony Public sector
IP 7 Chairman of federal lobby group for agri-food innovators and agri-startups Private sector
IP 8 Employee of regional food research institute Science
IP 9 Employee of regional incumbent firm for stable technology Private sector
IP 10 Employee of regional university of applied science Science
IP 11 Employee of state agency in Lower Saxony Public sector
IP 12 Employee of accelerator in Hanover (capital of Lower Saxony) Private sector
IP 13 Employee of regional accelerator Private sector
IP 14 Employee of research association for transitions in the regional agri-food sector Science
IP 15 Employee of federal accelerator Private sector
IP 16 Employee of state agency in Lower Saxony Public sector

Fig. 2. Visualization of the aggregated cognitive proximities: Showing high cognitive proximity of incumbents to each other, their medium or low cognitive 
proximity to firms from other sectors and agri-startups, as well as the bridging function of the accelerator between agri-startups and farmers due to low cognitive 
proximity between these two kinds of actors.
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practitioners. Yet, IP1 observes a low cognitive proximity between 
farmers and agri-startups, with the latter’s innovation being perceived 
as too ‘technical’: “That comes very much from the technical sector, they are 
computer scientists, […] I think you have to say this to one or two startups: 
they need to think more from the customer's point of view.” Accelerators can 
also negotiate in such cases as described by IP12: “The farmers may say 
‘oh, they have crazy modern ideas”. I've heard that a few times. And of 
course, we're a bit of a mediator here.” IP2 wishes for incumbents to allow 
for a slightly higher cognitive distance, especially to agri-startups, to 
keep up firms’ competitiveness and the region’s prosperity. Moreover, 
IP2 sees the need to open up the dense network among the incumbents 
(described at the beginning of this section) for other actors. Fig. 2 il
lustrates incumbents’ high cognitive proximity through a circle, their 
medium or low cognitive proximity to firms from other sectors and agri- 
startups, as well as the accelerator’s bridging function.

4.2. Social proximity

The cognitive closeness between the regional incumbents aligns well 
with their perceived degree of social proximity. As these incumbents 
have developed alongside of each other, so have their leadership, who 
are acquaintances, related by blood or marriage, or befriended. This 
social proximity is seen as the origin of the very strong network in the 
region. Additionally, the fact that the region is a Catholic enclave in a 
Protestant area has welded it together. “And as a result, this idea of 
networking has naturally become extremely pronounced and this togetherness 
and sense of belonging is still extremely pronounced today” [IP2]. The social 
proximity between incumbents goes beyond the business level through 
social involvement in clubs and foundations in the region. The regional 
mindset is characterized by the belief that business and personal issues 
should be resolved through regional means that can be accessed via 
personal connections. The relationship structure between incumbents is 
described as a “small world of its own” [IP2], which is less integrated into 
other structures (e.g., the public sector). “Which, to be honest, can perhaps 
be a little off-putting for companies or startups looking to set up in the region”, 
[IP2]. This fails to account for innovators originating from the region, as 
the existence of personal connections to individuals in incumbent firms 
is probable, thereby facilitating direct communication regarding the 
proposed ideas.

The strong social proximity is also seen as a hindrance to problem 
solving, though, as personal relationships are more important than the 
extent to which a connection is expedient. “Because we understand each 

other, we work together on a problem. But maybe it would be much better if I 
worked with partner C on that problem. But I don't. Because we don't un
derstand each other as people. I think breaking that up a bit would be a very, 
very relevant step for networks and relationships” [IP3]. In the past, RIS 
actors tried to keep their hand on the topic of innovation and there was 
little social proximity to actors from the still emerging agri-startup 
ecosystem: “When I started, I was told: ‘You have to be careful, the agri
cultural barons, the agri mafia are trying to keep their hand on the whole 
topic’. […] That was a lot of stabbing each other in the back and slander and 
not working together at first” [IP4]. Now, RIS actors and agri-startups 
have ‘pulled together’, as they have realized that they can only prosper 
together. Nevertheless, such relationships can, on occasion, take on the 
characteristics of a ‘partnership of convenience’. Actors collaborate in a 
spirit of trust, albeit with a certain degree of reservation, as there is a 
tacit understanding that complete transparency is not (yet) possible due 
to the presence of competitive pressures. All cases of social proximity (as 
discussed by the IPs) are visualized in Fig. 3, with non-regional actors 
showing lower degrees of social proximity, while a higher degree can be 
observed between regional private actors.

4.3. Institutional proximity

The region is coined by two overarching institutional logics: First, 
the idea of cooperation is very strong, even beyond competitive 
boundaries. Second, belonging to Catholicism is still important or still 
has a subliminal effect, especially in contrast to the rest of Protestant 
Lower Saxony, which creates a “we-feeling” [IP1], reinforcing the notion 
of cooperation. There is also little institutional proximity between 
established companies and agri-startups that becomes obvious in their 
organization, working methods and appearance, which makes it difficult 
to bring startup innovations into companies. The annual regional startup 
convention exemplifies this, as this is "not really the way we operate in 
South Oldenburg, Osnabrück and the like. We tend to be a little quieter, more 
reserved, more modest", as IP3 explained it.

Employees of incumbents may doubt the possible use of a coopera
tion with agri-startups, IP9 points out the company’s innovation 
department bridges this gap: “It's important to support the startup a little, to 
be actively aware that we're not working with an established company from 
the region […]. [Startups] are wired a little differently, they are a little more 
flexible, more agile and simply work differently to a company. And then we 
have to find a compromise in the middle.” Accelerators also try to mediate 
between incumbents and agri-startups. IP12 highlights that it is 

Fig. 3. The visualization of social proximity highlights the high levels of proximity among regional incumbents, including regional agri-startups, which are facil
itated through informal organizations such as clubs. From the perspective of non-regional actors, this can be viewed as a "small world of its own". This is because 
regional actors have a lower social proximity to non-regional actors.
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important that the agri-startup does not adapt their business model to fit 
the institutional logic of the established firms, thus trying to find the 
optimal institutional proximity, “because otherwise they could just become 
a department of the company”. A comparable discrepancy in working 
principles was also observed between agri-startups, universities and the 
chamber of agriculture. The latter two entities required a greater 
amount of time than the agri-startups in common projects. The gap in 
institutional proximity has been decreasing, though. Research in
stitutions and chambers of agriculture, which were previously perceived 
as “stuffy bunch” [IP4], have undergone a transformation with the 
emergence of agri-startups, showing a more casual manner, now. And 
there are also established actors who explicitly enjoy working with agri- 
startups because “their speed and our coordinated, structured approach is 
the perfect alliance", as IP 4 reported. Still there are numerous informal 
but crucial rules for the interacting with established actors, which not all 
agri-startups know about, as IP7 points out: “You have to be very careful 
about who you talk to and how, what you strategically position where and 
when, what you need and when. And these are things that you learn very little 
about.”

The institutional proximity between public administration and agri- 
startups is also rather low, especially in terms of agility. The state agency 
acts as a mediator between the institutional logics of the public 
administration and agri-startups, striving to increase the institutional 
proximity between them. Still there are administrative hurdles that 
come with public funding, which are often too demanding considering 
agri-startups’ limited resources. Fig. 4 provides an overview of all 
institutional proximities described above, showing, inter alia, the cases 
of bridging low institutional proximity through the state agency, the 
accelerator, and the firm’s innovation department.

4.4. Organizational proximity

Organizational proximity between incumbents is perceived as 
optimal by the majority of our interviewees. Innovation initiatives are 
jointly supported by several companies that are actually competitors. 
The public sector wants to further promote the idea of cooperation be
tween companies, no longer focusing solely on attracting more com
panies to settle in the region but also incentivizing collaboration 

Fig. 4. Aggregated institutional proximity: This visualization highlights the sense of community between regional incumbent firms. Low institutional proximity 
between these firms and agri-startups can be overcome through an accelerator or a firm's own innovation department. The state agency also plays a bridging role, as 
there is otherwise low institutional proximity between agri-startups and public institutions.

Fig. 5. Visualization of the aggregated organizational proximities: Showing the high proximity between incumbent firms on the one hand, and between agri-startups, 
accelerators and other agri-startup network participants on the other. The accelerator can act as a bridge between these two 'circles'.
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between incumbent companies. Greater organizational proximity be
tween commercial enterprises and the public sector is desired by the 
latter: “If we connect all of this in the same way that the family-run busi
nesses in the region are connected, I believe we will have optimized [this 
relationship] [IP2]. High organizational proximity between established 
firms and accelerators is especially given when an agri-startup is sought 
to solve a specific problem. At the same time, accelerators are keen to 
maintain a lower organizational proximity to public sector initiatives, as 
they “do not always want to be placed directly under the umbrella brand 
‘Startup OS7’ but want to put their own brand forward” [IP10]. The orga
nizational proximity between accelerators and established actors, such 
as the chamber of agriculture, is also rather low. IP13 perceived the 
latter as rather formal and bureaucratic, although “they could have a lot 
of leverage”. Agri-startups themselves may encounter strong hierarchies 
when working together with incumbents, which the former need for 
scaling, though, and therefore depend upon. The (perceived) optimal 
organizational proximity between incumbents makes it difficult for agri- 
startups, as incumbents "are part of this overall system, which is currently 
trimmed to be very efficient. Every change means a reduction in efficiency, 
because the entire system must follow suit" [IP14]. At the same time, the 
innovation network around agri-startups is characterized by a high de
gree of organizational proximity itself. IP3 describes, for example, that 
the same people meet at network events, so that it has become difficult 
to develop synergies. This high organizational proximity is illustrated 
through a circle in Fig. 5, which also shows the high organizational 
proximity among incumbents and the accelerator’s bridging function 
between incumbent and agri-startup.

4.5. Geographical proximity

The perception of geographical proximity varies among agri-startups 
and incumbents. Incumbents tend to perceive 20 km as close, stressing 
that this geographical proximity facilitates maintaining distinct re
lationships between each other. Yet, agri-startup founders are more 
attracted by the biggest city in the region, Osnabrück, than by the rural 
area surrounding it. Public initiatives located in these rural areas that 
should attract agri-startups are therefore regarded as redundant. In
cumbents, on the other hand, are engaged in agri-startup initiatives in 
Osnabrück, such as in an accelerator and an innovation center, where 

both agri-startups and incumbents can meet. This is especially important 
in the agricultural sector with its “hands-on” [IP9] character, where 
innovations need to be actually tested in the field. It is important to note 
that the foundation of the first accelerator was a public initiative. “The 
state of Lower Saxony realized at the time that it might make sense, with 
North Rhine-Westphalia on its doorstep, with a lot of activity in Berlin and 
Hamburg nearby, that if you want to strengthen and retain the talent and 
activities here, you should perhaps do something yourself” [IP13]. And ul
timately, it does not matter too much where the innovators come from: 
"We are happy when they come from here, […] but in the end, if we have a 
good solution from Frankfurt, Munich or somewhere else, then that's fine. The 
main thing is that we have interesting things to offer" [IP13]. Fig. 6 illus
trates the (individually perceived) high geographical proximity among 
incumbents and among agri-startups, respectively, while also consid
ering initiatives to bridge cases of medium and low geographical 
proximity.

5. Discussion

In the following Sect. 5.1, we first summarize why it has been 
particularly fruitful to scrutinize proximity qualitatively and beyond its 
geographical dimension and discuss how incumbents use agri-startups’ 
social distance to prefigure opportunity spaces. In Sect. 5.2 we discuss 
how the combination of high social proximity and low cognitive prox
imity might strengthen agri-startups' agency in the co-creation and 
realization of transformative opportunities. Finally, we highlight the 
limitations of our study and future research avenues in Sect. 5.3.

5.1. Prefiguring opportunity spaces and agri-startups’ needs for social ties

By focusing on the more in-depth and qualitative dimensions of 
network relationships between RIS and EE actors, our study contributes 
not only to fostering the cross-fertilization between RIS and EE literature 
(Fritsch, 2025; Qian & Fu, 2024; Santos, 2025) but also to contemporary 
discussions about the regional embeddedness of innovations (e.g., 
Schlaile et al., 2024, 2025), agency and structure (Benner, 2024; Grill
itsch & Sotarauta, 2020; Rölfer et al., 2025), and how proximity may 
prevent or promote the co-creation and realization of opportunities for 
sustainability-oriented innovations and transitions (Wilke & Pyka, 2024, 
2025). Taken together, our results suggest that in our case study region, 
dubbed the ‘Silicon Valley of modern agriculture’ (Beck et al., 2024; 
Windhorst, 2016), geographical proximity induces and reinforces social, 

Fig. 6. Aggregated geographical proximity: Illustration of the high geographical proximity among incumbent firms and among agri-startups. The accelerator intends 
to attract non-regional agri-startups to the region, while public initiatives are trying to encourage agri-startups to locate to the region's more rural areas.

7 OS = Osnabrück
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institutional, and cognitive closeness, further stabilized through orga
nizational proximity. Our results imply that this constellation leaves 
little room for agri-startups realizing genuinely transformative oppor
tunities (e.g., through more disruptive and potentially more sustainable 
innovations that aim beyond efficiency gains), which somewhat cor
roborates the findings of Fairbairn et al. (2022) in the ‘real’ Silicon 
Valley.

The region’s status as a Catholic enclave in a Protestant region has 
welded locals together, resulting in pronounced social and institutional 
proximity. Until today, the perspective prevails that problems should be 
solved with local means; regionality appears to be more than just 
geographical proximity to these actors, it can be understood as a shared 
value. Arguably, this gets reinforced through the circumstance that 
many relationships are based on kinship. These two factors also seem to 
facilitate a cognitive proximity that is mostly perceived as optimal by 
our interviewees, as the incumbents’ business fields complement each 
other. These results support recent arguments in the literature that 
informal institutions such as local values, attitudes, and culture are 
important factors in EE and RIS and their conceptual integration (e.g., 
Fritsch, 2025), not least concerning regional development and the po
tential (co-) creation and realization of (transformative) opportunities 
(Grillitsch & Sotarauta, 2020; Kurikka et al., 2023). In situations where 
cognitive, social, and institutional proximity are already perceived as 
optimal among actors, these (incumbent) actors may regard change as 
unnecessary, or favor incremental change that does not challenge these 
(what they consider to be) ‘optimal’ actor constellations. Others would 
describe this constellation as being of an interdependent nature, which is 
common in mature industries, and which is defended by incumbents 
through collective action, together with mature industries’ systemic 
problems, thus hampering sustainability-oriented innovations and 
transitions, for example, by influencing entrepreneurial activities 
(Wesseling & van der Vooren, 2017). Based on our study, we argue that 
the notion of regionality, charged with specific norms, values, and 
strong social ties, can amplify this phenomenon, potentially limiting the 
(regional) “opportunity space” (Grillitsch & Sotarauta, 2020; Kurikka 
et al., 2023) for both incumbents and agri-startups, thus not allowing a 
lower degree of cognitive proximity. However, higher cognitive distance 
can be regarded as essential for joint exploration in the innovation 
system (Schlaile et al., 2018) as well as more sustainable innovation 
(Wilke & Pyka, 2025). Occasionally, incumbents in the RIS appear to 
tolerate higher cognitive distance from other actors when they do not 
have the resources or knowledge base themselves, as in the case of AI. 
Hence, in this case, the opportunity space is potentially less limited. This 
may give room to actors that are (possibly) less influenced by the re
gion’s inherent norms and values related to modern intensive farming. 
This means that these actors exhibit both less institutional and cognitive 
proximity to incumbents, which can be seen as a partial prerequisite for 
the joint search for and creation of sustainable innovations (Wilke & 
Pyka, 2025). However, previous research suggests that innovations 
emerging from the high-tech sector promote a loosely defined idea of 
sustainability that is easily reshaped by incumbents, who attach their 
own values and agendas to the technology (Rock et al., 2025), hence 
allowing incumbents to close this gap in institutional proximity “from 
their side”, to their favor. It is agri-startups’ need for social ties 
(Mikhailov et al., 2021) that allow incumbents to do so, as these are 
difficult to obtain for non-incumbent actors in the agri-food sector due to 
its unique characteristics. This circumstance gives incumbents more 
power in prefiguring the opportunity space for agri-startups, allowing 
them, following Sraml Gonzalez and Gulbrandsen (2022), to enact the 
conservative force of their collective identity, meaning only giving room 
to the co-creation of innovations that can protect incumbents’ core 
ideals. This underscores the argument made by Wilke and Pyka (2025)
that in addition to low cognitive and institutional proximities, high so
cial proximity is needed for sustainable innovations. Therefore, this 
need of agri-startups to tap into existing RIS (infra)structures and re
sources may indeed limit their agency in the co-creation or realization of 

more transformative opportunities. At the same time, this gives in
cumbents the maintenance agency to keep more transformative and 
sustainable innovations that could endanger their market position “on a 
leash” until they fit their business models or interests (Smink et al., 
2015).

5.2. Implications of regional embeddedness for overcoming network 
failures

Considering our arguments above, it might be more accurate to speak 
of a somewhat ‘superficial’ embeddedness of agri-startups into RIS- 
structures that may be evidence of a weak network failure. Following 
Klein Woolthuis et al. (2005) and Klein Woolthuis (2010), weak network 
failure occurs when there is a lack of linkages or too little interaction 
between actors, preventing them from engaging in joint knowledge 
exchange, learning, or collaboration. We see this happening especially in 
the case of the relationship between agri-startups and farmers. Although 
the latter should adopt the former’s innovation, farmers were hardly 
mentioned at all by our interviewees as innovation system actors — only 
once, when an interviewee pointed out the low cognitive proximity 
between farmers and agri-startups. In a similar vein, Fairbairn et al. 
(2022) argue that agri-startups often focus on raising funds or selling 
their innovation to other companies rather than considering the actual 
use of their innovations to farmers. Genuinely system-building entrepre
neurs (Klein Woolthuis, 2010), who create new relationships and modes 
of collaboration both within but also outside of existing (innovation) 
systems predominantly influenced by incumbents’ vested interests, are 
regarded as a possible solution to this type of network failure (cf. 
Schlaile et al., 2021). Additionally, these types of entrepreneurs tend to 
have an idealistic motivation to contribute to sustainability but are 
pragmatic in making their business models viable (Klein Woolthuis, 
2010). Therefore, agri-startup founders growing up in the region could 
be in a predestined position to take on a system-building role, as they 
need to rely less on incumbents to bridge the gaps in social proximity. If 
these founders were able to gain new knowledge in other industries and 
social fields outside the RIS—thus increasing their cognitive distance to 
original RIS actors, which then materializes in their innovation (Rock 
et al., 2025)—they can compensate for this cognitive distance through 
their social proximity. The latter will potentially make it easier for them 
to reach out to farmers, who generally appear to be interested in inno
vation and scientific testing; although sustainability concerns might not 
be their main motivation for engaging with innovations, yet (Mittenzwei 
& Schiller, 2025). Consequently, all RIS and EE actors and agri-startups 
in particular should reconsider their views of farmers as mere adopters 
or users of innovations by also regarding them as potential co-creators of 
opportunities for innovations and transitions. As Kernecker et al. (2021)
and Busse et al. (2023) argue, farmers’ involvement early on in an 
innovation process not only influences the functionality of innovations 
but also fosters their sense of ownership and agency, which can facilitate 
co-creation and tailored solutions that fit their specific farming contexts. 
Such co-creation with agri-startups, whose founders have gained 
knowledge from outside the RIS, can also have a positive effect on the 
farmers’ attitudes towards sustainable farming methods beyond mere 
efficiency gains. Since regional agri-startup founders and farmers are 
likely to share the collective identity common in mature industries, they 
may be in a position to unleash what Sraml Gonzalez and Gulbrandsen 
(2022) describe as the progressive nature of collective identities: This 
idealized identity then functions as a “safety net” allowing for experi
mentation, for example, in the case of co-created farming methods that 
contribute to sustainability transitions. Therefore, in this regard, we find 
ourselves in partial disagreement with the position adopted by Vogelaar 
and Breznitz (2025), who argue that it is necessary to retain key actors 
such as graduates in the region to strengthen regional ecosystems. 
Rather, we see arguments for the need to temporarily “get them out” of 
the region to reduce their cognitive proximity to the RIS. This allows 
these actors to become part of the “global pipelines” (Vogelaar & 
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Breznitz, 2025) that bring necessary resources, such as new knowledge, 
back to the region to overcome constraints in the opportunity space.

At the same time, it is not only necessary to diversify knowledge and 
relationships but also the (normative) content when striving to over
come “directionality failures” (Weber and Rohracher, 2012), for 
example, due to the agricultural RIS’s prevalent techno-economic focus, 
as also discussed in the adjacent literature on bioeconomy transitions 
(Schlaile et al., 2024, 2025). This brings us to the crucial role of (higher) 
education and research facilities: Our interviewees often understood 
these as suppliers of young talent perfectly fitting incumbents’ needs. 
Relatedly, Rijswijk et al. (2019) characterize agricultural knowledge 
providers as having a rather farm-centric perspective when it comes to 
new technologies, missing a reflection upon possible consequences of 
innovations. Adding engineering or business classes to agricultural sci
ence curricula will hardly do the trick when aiming for genuine sustai
nability-oriented and transformative education (relatedly, see Parker & 
Lundgren, 2022; Urmetzer et al., 2020). We therefore argue for 
re-evaluating regional agricultural curricula with an eye to their inte
gration of other relevant bodies of knowledge from social and environ
mental science and their ability to transcend the artificial boundaries of 
academic disciplines in order to foster the transdisciplinary co-creation 
of transformative opportunities.

5.3. Limitations and future research avenues

Due to the difficulty of interviewing agri-startups, as outlined in the 
methodology section, their direct perspective could only be included to a 
limited extent. It would also have been insightful to receive feedback on 
our results from agri-startups (e.g., whether their perspectives were 
adequately captured by the interviewees). Methodologically, future 
work could also combine the qualitative network analysis applied in our 
study with Qualitative Comparative Analysis (QCA) (e.g., Mello, 2021), 
particularly to compare different case-study regions regarding their 
conditions for (transformative) opportunities—as suggested in a similar 
context by Schlaile and Ehrenberger (2016)—or the emergence of 
transformative innovations. Such QCA of RIS and EE may also help to 
better differentiate the configurations of proximity dimensions in net
works. To extend and contrast the findings of our single-case study, a 
comparative study with a multiple-case study design would also be 
fruitful—albeit resource-intensive (Yin, 2018). Additionally, qualitative 
approaches could be complemented with established agent-based 
simulation models in the (regional) innovation system context (e.g., 
Pyka et al., 2019; Schlaile et al., 2018) and fed back to interviewees 
through participatory social simulation, enabling a co-created and more 
nuanced understanding of the complexity and multiple dimensions of 
regional embeddedness and the potential effects of systemic (policy) 
interventions.

6. Conclusion

This paper has investigated the embeddedness of agri-startups in a 
historically grown RIS shaped by the needs of modern intensive agri
culture. We contribute to the literature on the geography of innovations 
and sustainability transitions by demonstrating that it is fruitful to 
investigate the qualitative characteristics of relationships between ac
tors to better understand the patterns behind innovating in a RIS; 
especially how these may enable and constrain agri-startup innovations. 
To determine these characteristics, we investigated the five proximity 
dimensions, following Boschma (2005). The results indicate that it is 
agri-startups’ need for social ties that enables incumbents to use their 
structural power to limit the opportunity space for agri-startups. It is 
therefore a rather “superficial” embeddedness of agri-startups in a RIS, 
driven by weak social ties, especially to farmers, and limited interaction; 
hence, a weak network failure. One possible solution lies in “system 
building entrepreneurs” who operate beyond incumbent-dominated 
networks. Agri-startup founders who grew up in the region but have 

worked or studied elsewhere are especially well positioned: their 
external experience lowers cognitive proximity, while their local roots 
preserve social proximity. Especially when co-creating innovations 
together with farmers, this shared regional identity may even serve as a 
“safety net” that enables experimentation and the emergence of more 
progressive farming practices. Education and research institutions also 
play a crucial role. Rather than merely supplying talent tailored to the 
needs of incumbents, it is imperative for these institutions to broaden 
agricultural curricula to include social and environmental sciences. This 
diversification of relationships and knowledge is essential for shifting 
RIS beyond a narrow techno-economic focus.
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Cooke, P., de Laurentis, C., Tödtling, F., & Trippl, M. (2007). Regional knowledge 
economies: Markets, clusters and innovation. Edward Elgar. https://doi.org/ 
10.4337/9781847206930

Cohen, S., Fehder, D. C., Hochberg, Y. V., & Murray, F. (2019). The design of startup 
accelerators. Research Policy, 48(7), 1781–1797. https://doi.org/10.1016/j. 
respol.2019.04.003

Delgadillo, E., Reyes, T., & Baumgartner, R. J. (2021). Towards territorial product- 
service systems: A framework linking resources, networks and value creation. 
Sustainable Production and Consumption, 28, 1297–1313. https://doi.org/10.1016/j. 
spc.2021.08.003

Dubois, A. (2019). Translocal practices and proximities in short quality food chains at the 
periphery: The case of North Swedish farmers. Agriculture and Human Values, 36(4), 
763–778. https://doi.org/10.1007/s10460-019-09953-y

Emirbayer, M., & Mische, A. (1998). What is agency? American Journal of Sociology, 103 
(4), 962–1023. https://doi.org/10.1086/231294

Etzkowitz, H., & Leydesdorff, L. (2000). The dynamics of innovation: From National 
Systems and “Mode 2” to a Triple Helix of university–industry–government relations. 
Research Policy, 29(2), 109–123. https://doi.org/10.1016/S0048-7333(99)00055-4

Fairbairn, M., Kish, Z., & Guthman, J. (2022). Pitching agri-food tech: Performativity and 
non-disruptive disruption in Silicon Valley. Journal of Cultural Economy, 15(5), 
652–670. https://doi.org/10.1080/17530350.2022.2085142

Fairbairn, M., & Reisman, E. (2024). The incumbent advantage: Corporate power in agri- 
food tech. The Journal of Peasant Studies, 51, 1331–1354. https://doi.org/10.1080/ 
03066150.2024.2310146

Feola, G., Goodman, M. K., Suzunaga, J., & Soler, J. (2023). Collective memories, place- 
framing and the politics of imaginary futures in sustainability transitions and 
transformation. Geoforum, 138, Article 103668. https://doi.org/10.1016/j. 
geoforum.2022.103668

Flyvbjerg, B. (2006). Five misunderstandings about case-study research. Qualitative 
Inquiry, 12(2), 219–245. https://doi.org/10.1177/1077800405284363

Friedrich, J., Faust, H., & Zscheischler, J. (2023). Incumbents’ in/ability to drive 
endogenous sustainability transitions in livestock farming: Lessons from Rotenburg 
(Germany). Environmental Innovation and Societal Transitions, 48, Article 100756. 
https://doi.org/10.1016/j.eist.2023.100756

Friedrich, J., Zscheischler, J., & Faust, H. (2022). Preservation, modernization, and 
transformation: Contesting bioeconomic imaginations of “manure futures” and 
trajectories toward a sustainable livestock system. Sustainability Science, 17(6), 
2221–2235. https://doi.org/10.1007/s11625-022-01161-8

Fritsch, M. (2025). Struggling with entrepreneurial ecosystems. The Journal of Technology 
Transfer. Advance online publication. https://doi.org/10.1007/s10961-025-10280-0

Fuchs, S. (2001). Beyond agency. Sociological Theory, 19(1), 24–40. https://doi.org/ 
10.1111/0735-2751.00126

Gamper, M., & Schönhuth, M. (2020). Visual network research (VNR) – A theoretical and 
methodological appraisal of an evolving field. Visual Studies, 35(4), 374–393. 
https://doi.org/10.1080/1472586X.2020.1808524

Gonera, A., Nykamp, H. A., & Carraresi, L. (2023). Incumbents’ capabilities for 
sustainability-oriented innovation in the norwegian food sector — an integrated 
framework. Circular Economy and Sustainability, 3, 1299–1326. https://doi.org/ 
10.1007/s43615-022-00234-1

Grillitsch, M., & Sotarauta, M. (2020). Trinity of change agency, regional development 
paths and opportunity spaces. Progress in Human Geography, 44(4), 704–723. https:// 
doi.org/10.1177/0309132519853870

Grossetti, M. (2008). Proximities and embedding effects. European Planning Studies, 16 
(5), 629–642. https://doi.org/10.1080/09654310802049133

Hall, A., Janssen, W., Pehu, E., & Rajalahti, R. (2007). Enhancing agricultural innovation: 
How to go beyond the strengthening of research systems. World Bank Publications. 

Hansen, T. (2014). Juggling with proximity and distance: Collaborative innovation 
projects in the Danish cleantech industry. Economic Geography, 90(4), 375–402. 
https://doi.org/10.1111/ecge.12057

Hector, V., Friedrich, J., Schlaile, M. P., Panagiotou, A., & Bieling, C. (2025). From farm 
to table: Uncovering narratives of agency and responsibility for change among actors 
along agri-food value chains in Germany. Agriculture and Human Values, 42(3), 
1805–1827. https://doi.org/10.1007/s10460-025-10732-1
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