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Abstract
This study investigates how proponents and crit-
ics of gene editing in agriculture and food (GEAF)
employ expectations—discourses with future-oriented
impacts—as they compete to secure desired futures and
mobilise social processes and resources towards their
goal of influencing GEAF (re)regulation and agro-food
systems within the EU. We draw on 27 semi-structured
interviews and 5& Euractiv media articles to identify
and analyse GEAF proponents’ and critics’ responses
to the 20!8 European Court of Justice regulatory deci-
sion that GEAFwill be regulated as genetically modified
organisms. Despite similar themes of environmental
sustainability, food security and winners and losers in
agricultural innovation systems, proponents’ and crit-
ics’ discourses reflect divergent expectations of GEAF.
We argue that both groups link their expectations
with concerns about path dependencies in technologi-
cal innovations and agro-food systems, which serve to
influence emerging political, public and elite perspec-
tives on GEAF. Although to some extent performative,
these concerns offer important insights that should be
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problematised and engaged within GEAF governance
spaces. This study is conceptually framed by the socio-
technical futures, path dependency and political econ-
omy of food and agriculture literature.

KEYWORDS
agricultural biotechnologies, European Union, expectations, gene
editing, governance

INTRODUCTION

Technological change and agricultural restructuring have been longstanding areas of inquiry
within rural sociological literature (Busch et al., !(8(; Rotz et al., 20!(). New genetic engineering
techniques, such as gene editing techniques in general and the Clustered Regularly Inter-
spaced Short Palendromic Repeats-Cas( (CRISPR-Cas() system in particular, are nascent
biotechnologies praised for their potential to solve myriad agronomic, food security and environ-
mental sustainability challenges (Abdallah et al., 20!5; Georges & Ray, 20!7). Scientists have even
argued that gene editing advances will usher in a revolution in plant breeding (Doudna, 20!5;
Kumlehn et al., 20!8).
Despite the high expectations in media (Dahlstrom et al., 2022) and scientific communications

about gene editing in agriculture and food (GEAF), its role, if any, in future EU agro-food systems
remains uncertain due in part to tensions around GEAF regulations. As Strand et al. (20!8, p.
!84() highlight, ‘Most, if not all large-scale policy issues inmodern societies are entangled into the
governance of science and technology’. In July 20!8, the EuropeanCourt of Justice (ECJ) ruled that
gene editing techniques are—from a legal perspective—creating genetically modified organisms
(GMOs) and must be regulated as such. The EU’s Directive 200!/!8/EC, referred from here on as
the GMO Directive, requires entities seeking to commercialise GMO crops to complete strict risk
assessment processes and monitoring requirements.
The ruling is significant becauseGMOshave a complex and controversial historywithin theEU,

which explains why very few GMO crops are cultivated or eaten by EU consumers. A key tension
involves diverging opinions on appropriate scientific risk assessment and management processes
due to concerns that GMOs may cause harm to human health or the environment (Bonny, 200&;
Bruce, 20!7). In addition to scientific risk concerns, myriad social dimensions complicate the
GMO controversy further. Scholars and critical non-governmental organizations (NGO) have
focused much attention on agro-food structural issues, linking GMO seeds, patents and research
with the growth, concentration and power of agro-chemical corporations over global agro-food
systems (Brandl & Glenna, 20!7; Clapp & Fuchs, 200(; Glenna et al., 20!5a; Kinchy, 20!2; Pech-
laner & Otero, 2008). Other concerns surround consumers’ right to information about their food,
as well as farmers’ rights and protections regarding GMO and non-GMO crop coexistence (Areal
et al., 20!!; Devos et al., 200(; Frewer et al. 2004; Herrero et al., 20!7; Levidow & Boschert, 2008;
Seifert, 200(). Additional GMO tensions are situated at the nexus of values, ethics and ideologies
(see Brooks, 2005; Bruce, 20!); Bruce, 20!7; Herrero et al., 20!)).
As new forms of biotechnology follow in the footsteps of GMOs, gene editing’s role in the future

of EU agriculture and food is a contentious topic as well (Macnaghten & Habets, 2020). The tra-
jectory and impacts of GEAF will likely be influenced by key social actors and networks, as well
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as by the interactions among them (Jørgensen et al., 200(; Parayil, 200&). However, an important
consideration is that all future impacts discussed by proponents and critics of GEAF are ultimately
speculative, uncertain and contingent. Proponents of GEAF are taking actions to avoid repeating
the intractable GMO controversy and to persuade the EU Commission to enact what they deem
as more favourable regulations for GEAF (Macnaghten & Habets, 2020). In contrast, many critics
of GMOs are also critical of GEAF and have voiced support for the 20!8 ECJ ruling because they
view strict risk assessments and oversight as necessary for any new biotechnological innovations
in agriculture (Friends of the Earth, 202!).
Our research is situated within the GEAF (re)regulation conflict. We draw on empirical data

from Euractiv media publications and semi-structured interviews with EU stakeholders to illus-
trate howGEAF expectations—references to future-oriented impacts—are employed to influence
GEAF regulations. We argue that GEAF proponents and critics aim to influence political, public
and elite perspectives on GEAF regulations through competing and contested expectations sug-
gesting how GEAF may or may not distribute social, economic, agronomic and environmental
benefits and consequences. Our analysis demonstrates how GEAF expectations are intertwined
with concerns about path dependencies and lock-in situations within agricultural systems.
Although expectations serve to persuade, they should not be dismissed as mere rhetoric. The
varied expectations highlight complex potential barriers to developingmore socially, environmen-
tally and economically sustainable agro-food systems. As such, examinations of expectations can
serve to informmore robust and inclusive debates on GEAF regulations and agro-food systems in
general (Beumer & Edelenbosch, 20!().
This research is important for several reasons. It builds upon existing social science scholar-

ship on biotech controversies by establishing timely baseline data of social actors’ expectations
connected to GEAF before it is widely commercialised anywhere. It also fills a gap in sociolog-
ical research as scholars have called for greater engagement with the future as a social object
(Beckert & Suckert, 202!; Selin, 2008) and answers calls for science and technology studies on
governance for, and by, expectations (Konrad & Alvial Palavincino 20!7). Much of the GMO lit-
erature has focused on understanding the present state of GMO attitudes and beliefs, potentially
overlooking the critical role the future plays in creating, alleviating and exacerbating tensions
within biotech controversies and sustainability efforts. Finally, while sociological studies of agri-
culture and path dependencies tend to explain why agro-food systems, practices and particular
technologies dominate, this study takes a novel approach to understand how path dependency
discourses are performed to influence and inform governance.
The article begins by briefly contextualising the regulatory conflict surrounding agricultural

biotechnologies in the EU. We then present literature informing our conceptual framework on
socio-technical futures, expectations and path dependencies in agriculture. Next, we describe our
methods and data collection, followed by the results, analysis and discussion interrogating the
expectations and path dependency lock-in/out scenarios advanced by proponents and critics of
GEAF.

STUDY CONTEXT: REGULATING GMOS AND GENE-EDITED CROPS
IN THE EU

The EU social and political agro-food landscapes have essentially rejected and resisted the intro-
duction of GMO foods and crops. In June !(((, a de facto moratorium paused the evaluation of
new GMO crop applications in the EU in partial response to the rapid developments in genetic
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modification techniques during the !((0s and the simultaneous public debate surrounding the
risks and safety of GMOs to human health and the environment (Nuffield, 200&). In October 200!,
the GMO Directive was enacted, creating a strict authorisation system for GMOs within the EU
(Macnaghten & Habets, 2020). Additional directives were subsequently passed to clarify periph-
eral concerns, such as establishing labelling and traceability standards and allowing individual
member states to fully opt out of GMO cultivation.
Despite additional regulations and efforts to promote acceptance of GMO foods and crops by

diverse publics, and coexistence among organic, non-GMO/conventional and GMO production,
GMO opposition in the EU has been widespread, led in part by a consumer and environmental
activist social movement (Helliwell et al., 20!(; Herrero et al., 20!7). Surveys continue to suggest
broad, but uneven, opposition and scepticism among EU publics towards GMO foods (Bonny,
200&; Gaskell et al., 2000; Gaskell et al., 20!!; Vlontzos & Duquenne, 20!)). As of November
2020, !8 EU member states had legally opted out of GMO cultivation. Only two GMO crops,
corn and potato, have been approved for cultivation since the GMO Directive was enacted in
200! (Baulcombe, 20!4). At the same time, GMO cultivation globally has proliferated. By 20!(,
2( countries planted !(0 million hectares of GMOs (ISAAA, 20!(), yet only Spain and Portugal
cultivated any GMO crops within the EU (Rostoks et al., 20!(). Paradoxically, despite limited
cultivation, the EU imports large quantities of GMO cereals and legumes to feed livestock
(Tagliabue, 20!7).
In July 20!8, the ECJ ruled that based upon their interpretation of the GMODirective, all organ-

isms created through gene editing techniques are considered GMOs, and gene editing techniques
are not included as exempted methods because they do not have a long safety record (Gelinsky &
Hilbeck, 20!8). TheGMODirective regulates based on the process of creating the plant rather than
the characteristics of the final plant product. All gene-edited plants, regardless of the nature or
complexity of genomic changes, are required to go through the same stringent regulatory autho-
risation processes as GMOs. Currently, most GEAF contain changes to their own DNA. These
gene-edited organisms differ fromwhat are commonly consideredGMOs becauseGMOs typically
contain a gene transferred in from another species, making them transgenic (FDA, 2022).
Nevertheless, GEAF regulatory oversight in the EU is not settled. Proponents have achieved

some momentum in creating a path for enacting new GEAF regulations in the future. In April
202!, an EU Commission report was released on the legal status and social, environmental, eco-
nomic, scientific and ethical dimensions of new genomic techniques, including gene editing
methods and other technologies that have been developed since the GMO Directive was adopted
in 200! (European Commission, 202!). The study concludes that the current GMO legislationmay
not be appropriate for overseeing the rapid scientific developments of new genomic techniques
(European Commission, 202!), suggesting new governance mechanisms for GEAF are needed in
the coming years.

CONCEPTUAL BACKGROUND

Socio-technical futures and expectations

As a rapidly developing field of science and technology innovations, GEAF warrants sociological
investigations into how social actors—many of whom represent powerful and influential insti-
tutional, corporate and expert organisations—attempt to secure desired futures (Brown et al.,
2000) and mobilise social processes and resources towards their goals (Borup et al., 200)).
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To illustrate the significance of the future in EU GEAF regulatory oversight discourses, we draw
on the socio-technical futures literature, with a specific focus on the sociology of expectations.
Marris and Calvert (20!(, p. &); see also Brown 200&) explain why references speculating about

the future matter: ‘they have real effects in the present because actions in the present are made
legitimate through promises about the future (emphasis added)’. Science and technology studies
scholars emphasise that socio-technical futures are performative (Brown et al., 2000; van Lente,
!((&), serving as a tool for social and political life by acting as resources for envisioning and real-
ising technological development trajectories (Jasanoff & Kim, 200(; Lempiälä et al., 20!(). Social
actors draw on collective messages about the future as reference points to influence decision-
making and co-ordination (Konrad et al., 20!)), which Beckert (20!)) argues is a critical social
dynamic within capitalist economic systems, especially under conditions of uncertainty. The
power of socio-technical futures lies in their ability to focus attention, guide actions, attract sci-
entific allies, garner investments and legitimate government decisions pertaining to innovations
(Borup et al., 200); Brown et al., 2000; Konrad et al., 20!); Marris & Calvert, 20!(; Michael, 2000;
Selin, 2008).
Socio-technical expectations hold persuasive power because they are rarely neutral andmay be

overly optimistic or pessimistic about a technology’s potential applications, impacts and adoption
(Geels & Smit, 2000). Positive expectations are optimistic and often interpreted as promises, the
assumed benefits that are dependent upon additional actions to bring them to fruition (Borup
et al., 200); van Lente & Bakker, 20!0). Conversely, negative expectations can be understood as
concerns and cautions about potential harms and risks resulting directly or indirectly from a
technology’s development, application, or diffusion (Konrad et al., 20!); te Kulve et al., 20!&). Nev-
ertheless, speculations about technologies and the future are rooted in uncertainty (Michael, 2000;
van Lente, !((&). Eventual impacts stemming from technologies are contingent upon collective
processes shaped by history, culture and power relations (Beckert, 20!)).
Sociological studies often examine the dynamics of persuasion techniques and messaging but

overlook important temporal factors (Beckert, 20!)). For example, a study by Siebert et al. (2022)
analyses the strategic framing of GEAF in Germany leading up to the ECJ ruling. Several of these
frames also appear in the 202! EU Commission report concluding that the GMO Directive is not
fit for regulating new genomic techniques such as gene editing. While Siebert et al. (2022) do not
examine the temporal significance of the frames, several are clearly futured in nature. Proponents
of maintaining the current strict GEAF regulatory framework (defined as critics in our study)
employed a Pandora’s Box frame, which emphasised the unknown risks associated with GEAF,
suggesting that environmental or other harms may potentially result in the future.
The sociology of expectations has been applied to the sense-making social processes around

emerging science and technologies such as hybrid potatoes (Beumer&Edelenbosch, 20!(), hydro-
gen technologies (Bakker et al., 20!!), in vitro meat (Chiles, 20!&), artificial intelligence (Vicsek,
202!), nanotechnologies (te Kulve et al., 20!&), synthetic biology (Marris & Calvert, 20!() and
lab-on-a-chip technology (van Merkerk & Robinson, 200)), among other topics. Multiple futures
concepts appear in science and technology studies on the governance of innovation dynamics.
These concepts include knowledge objects including expectations, promises, imaginaries, fore-
sight, visions and scenarios (Konrad & Boehle, 20!(). For this article, we employ the concept of
expectations, which are ‘statements about future conditions or developments’ (Konrad et al., 20!)
p. 4)5).
Recent studies illustrate how socio-technical futures are employed as powerful tools to influ-

ence governance perspectives and oversight of GEAF and GMOs. For instance, Yamaguchi (2020)
argues that Japanese support for gene editing research and development was advanced through
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collective frameworks based on epistemic nationalism. In the US, Bain et al. (2020) conclude that
GEAF proponents are employing socio-technical imaginaries to influence GEAF regulatory deci-
sions. Proponents’ imaginaries suggest GEAF will usher in a new Green Revolution and enhance
global food security, as well as ‘democratize’ the agricultural biotechnology innovation pipeline
(Bain et al., 2020, p. 274). Jansen and Gupta’s (200() study interrogates how GMO proponents use
visions of the future paired with morality claims to influence GMO governance debates. Propo-
nents describe a threatening future where agricultural production stagnates, increasing hunger,
poverty and inequalities. This dire future could be averted if swift actions were taken to reduce
regulatory barriers toGMOdevelopment and commercialisation, allowing smallholder farmers in
the Global South to capitalise on GMOs to improve wellbeing and food security (Jansen & Gupta,
200().

Agriculture, path dependencies and lock-in/out

The meaning of path dependency as a theory and concept varies (Hanger-Kopp et al., 2022). In
the context of agriculture, it is often used to explain processes and situations, sometimes called
pathways or trajectories, where particular technologies, production systems and/or practices
dominate and resist change (Arthur, !(8(; Stone & Flachs, 20!8). Lock-in occurs when multi-
ple reinforcements—such as capital, institutional support, favourable regulations, education and
training programs and social norms—coalesce to encourage one pathway and lock out others,
exerting influence on innovation and systems trajectories (McGuire, 2008). Locked-in pathways
are often viewed as sub-optimal andmaladaptive, causing socioeconomic or environmental harms
(Arthur, !(8(; Berkhout, 2002; Konrad, 200); Stone & Flachs, 20!8; Vanloqueren & Baret, 200().
Meanwhile, alternative pathways and options are rejected or deemed unfeasible even though they
may be superior in some ways (McGuire, 2008). Path dependency provides a useful analytical
lens for making sense of GEAF expectations because it accounts for how complex social, institu-
tional and technological forces shape and reinforce agricultural systems and structures through
processes and relations.
The literature on GMOs, agricultural systems and path dependency underscores how systems,

institutions and processes can align across scales to embed or disrupt agro-food system pathways
and practices. For example, Stone and Flachs (20!8) demonstrate how in Telangana, India, power-
ful external actors intentionally introduced GMO cotton to undermine existing cotton production
practices grounded in local knowledge, institutions and economics. The disruption rendered
farmers dependent on herbicides andGMOcropsmoving forward. Similarly, Iles andMontenegro
de Wit (20!5) argue that the developers of GMO crops created a US agricultural system whereby
GMOs are so entrenched thatmany farmers, legislators, researchers and agro-food companies dis-
miss the viability of other agro-food pathways, such as agroecological systems. To understand how
this GMO path dependency materialised requires relational and scale analyses to see how pro-
cesses merge: ‘scientific research and corporate plans develop the technology, regulators approve
it, food companies require its use through contracts. . . farmers are forced to adopt GM crops. . .
consumers are conditions to expect GMOs in their food. . . ’ (Iles and Montenegro de Wit, 20!5, p.
488).
Other recent studies investigate path dependencies to understand how and why agricultural

systems are recalcitrant to adopting environmentally sustainable practices. Rønningen et al. (202!)
and Burton and Farstad (2020) examine Norwegian dairy and beef farming to understand barriers
to climate change mitigation and greenhouse gas emission (GHG) reduction efforts. Rønningen
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et al. (202!) conclude that several factors contribute to lock-in dynamics that reinforce current
maladaptive practices, including policies, farmland access, culture and technology investments.
Similarly, Burton andFarstad (2020) determine that both structural and sociocultural factors deter
farmers from adopting GHGmitigative practices. Cultural factors include spousal, parenting and
recreational norms, which encourage the adoption of time-saving technologies. In the US, Span-
gler et al. (2022) conclude that climate, land use norms and farm inputs are key factors predicting
crop diversification, but the influence of those variables differed across regions, demonstrating
the importance of spatial scale when examining path dependencies.
These and other studies offer insights into path dependencies and how to possibly predict or

divert fixed pathways. Collectively, they explain the importance of considering complex relations
and processes across scales. Such insights can be used to inform efforts to affect change. Unlike
the aforementioned path dependency studies, our study is interested in how social actors draw on
path dependency references as part of messaging to influence GEAF regulations.

METHODS

To explore social actors’ expectations linked to the 20!8 ECJ decision to regulate GEAF as GMOs,
we conducted qualitative research to examine GEAF expectations discourses and the references
to path dependencies within them.We utilised Euractiv onlinemedia publications and interviews
with GEAF proponents, critics and other key stakeholders. Multiple data sources increased both
the quantity of sources and the richness of the data (Ritchie et al., 20!4). It is important to note
that GEAF proponents were over-represented in both datasets.
We analysed news stories, opinion pieces and interviews published in English on Euractiv.com,

an online news media source covering EU policy and political topics. A notable strength of sam-
pling from Euractiv is that in addition to its own journalism, it is a network that incorporates
news from independent media companies across Europe, and it contained paid promotional con-
tent such as opinion pieces crafted by both proponents and critics of GEAF. The spatial scope of
Euractiv publications was important for identifying EUmacro-level collective expectations rather
than meso- or micro-level expectations circulating within specific social or agricultural region
contexts, such as individual EU member states.
All Euractiv articles were published between the ECJ’s ruling on 25 July 20!8 and 2( Febru-

ary 2020 when our study began. To identify articles, we used search terms including new plant
breeding techniques, genome editing, gene editing, CRISPR, GMO 2.0 and new GMO. The search
terms identified !02 articles. Only articles that referenced GEAF and the ECJ’s 20!8 or the GMO
Directive were included in the final sample, which contained 5& articles for our analysis.
Our second data source consisted of 27 semi-structured, in-depth interviews conducted

between June and July 20!(. Most interviews took place in person in The Netherlands, Belgium
andGermany, and one interviewwas conducted online via Zoomvideo technology. The interviews
were part of a larger study examining how proponents and critics of GEAF are organising and
communicating to shape governance and public opinions on GEAF. Interview participants hailed
from member state government agencies, agricultural seed and chemical companies, farmer
organisations, alternative agriculture organisations and companies, policy advisory organisations
and food industry companies. We identified participants through online public information using
the Google search criteria European court decision new breeding techniques gene editing. Some par-
ticipants were selected because their names or entities were listed on websites about gene editing
conferences in the EU. Others were identified because their names or entities appeared online in
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posted position papers and letters responding to the ECJ decision. Several participants and enti-
ties were mentioned in online news. Once interviews began, we obtained additional participants
through snowball sampling (Ritchie et al., 20!4). The goal was to capture a broad scope of per-
spectives on the ECJ decision, but more proponents of GEAF accepted our interview requests as
compared to critics.
NVivo qualitative research software was used to manage and code our interview transcriptions

and Euractiv publications. Through analysis, we identified two general groups concerned with
GEAF regulations in the EU: proponents and critics. Proponents support changing GEAF regula-
tions so thatGEAF are not regulatedwithin the currentGMODirective and subsequent regulatory
structures, and critics support regulating GEAF within the GMO Directive definition of GMO
processes.
We do not suggest that each group holds exclusively homogeneous views onGEAF expectations

or concerns about path dependency situations; some nuances were present in the data among
both proponents and critics. However, the sociology of expectations emphasises the performa-
tivity of group expectations whereby social actors seek to exert influence. The Euractiv articles
reflect proponents’ and critics’ public performance of collective expectations through strategic
messaging to support desired GEAF regulations. Like most popular media, Euractiv articles were
short and likely limited by word counts. On the other hand, the interviews could be interpreted
as semi-private since only the participants and researchers were present, allowing participants
the opportunity to explain nuanced views that might not otherwise be shared publicly. As such,
the proponent and critic groups should not be taken as ideologically pro or anti-GEAF and
biotechnology.
Following Konrad et al. (20!), p. 4)5), we conceptualised expectations as ‘statements about

future conditions or developments’, which we interpreted as future-oriented references about
potential impacts. Both direct and implied expectations were coded. This included references to
environmental, economic, scientific, agronomic, social and agro-food systemic impacts. Using
an iterative process of coding by hand, we identified each group’s collective GEAF expectation
themes. Finally, using a deductive approach to analysing the themes, we identified how the social
actors’ expectations are justified through concerns linked to path dependencies and lock-in/out.

Results: Competing and contrasting expectations embedded in
path-dependent futures

Both proponents and critics employ expectations—future-oriented references about potential
impacts—as they attempt to influence GEAF regulations in the EU. The messages contain simi-
lar and interrelated themes, including (!) environmental sustainability and food security and (2)
agricultural innovation winners and losers. In addition, proponents employ a unique theme: (&)
the risks associated with not using GEAF due to regulatory hurdles. Despite the similar themes,
proponents’ and critics’ GEAF expectations are situated within diverging and contrasting mes-
sages about the causes of agro-food problems and the role GEAFmay play in particular agro-food
pathways.
Proponents’ expectations position GEAF innovation as a means to disrupt and prevent agro-

food system path dependencies in the future, thus challenging the currently locked-in system
where multinational agro-chemical corporations hold immense power and control over agricul-
tural production. In that future, both public researchers and private small andmediumenterprises
(SMEs) will use GEAF technology to provide much-needed solutions to agronomic production
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challenges and other social and environmental issues intertwined with agro-food systems. Pro-
ponents link positive expectations to agricultural futures with fewer regulatory barriers to GEAF
innovation. Addressing these challenges is possible because GEAF is situated within an open
research and innovation system, unlike the current system. To proponents, GEAF will bring ben-
efits for EU consumers, farmers, the environment, agribusinesses and the science and technology
sectors, both public and private, as well as farmers and societies in the Global South. Proponents
juxtapose GEAF benefits claims with futures describing significant harms and missed opportu-
nities if GEAF remains regulated as a GMO under the GMO Directive. Their major concern is a
future in which GEAF is locked out of EU agro-food systems (Table !).
Conversely, when critics consider possible futures if GEAF innovations proliferate and are no

longer regulated as GMOs, their expectations often link to what they consider to be the negative
current pathway dominated by large-scale, industrialised agricultural systems of food production
and the concentrated power of multinational agriculture and chemical corporations. To many
critics, GEAF will further lock in the industrialised agriculture model, thus exacerbating the
inequalities and harms caused by that system. They foresee GEAF contributing towards the cur-
rent path dependency situation with limited powerful actors and a biotechnology-based agr o
-food future. Critics often note the complex relational aspects and history of multinational agro-
chemical corporations, technological innovations and dominant industrial agricultural systems.
An alternative agriculture organisation representative explains:

[GEAF] is just tweaking of a big systemic problem. . .We think the foundationneeds to
be changed. And the foundation should not be intensive monocultures, but a diver-
sified agriculture that is not necessarily export oriented. A system that’s much less
oriented for feed for animals, etc. (Int 02).

To many critics, that agricultural future should be locally oriented, sustainability-focused and
rooted in agroecological principles. They do not expect that future to materialise if GEAF enters
the EU agro-food system and the current pathway to buttress industrial agriculture with power
concentrated among a small group of companies continues (Table 2).

Environmental sustainability and food security

A key claim by proponents is that GEAF innovations will be crucial for realising a future EU and
world with environmentally sustainable agricultural systems and climate change resilient agri-
cultural production. They claim GEAF will reduce the use of harmful inputs, such as fertilisers
and pesticides, and divert agricultural systems away from paths locked into intensive input appli-
cations. They rationalise that without these inputs—or with reduced quantities—soil, water and
air will be cleaner, resulting in benefits to both the environment and human health. Some propo-
nents claim that breeders will use GEAF to increase crop biodiversity through more diversity in
crop traits. An agricultural association representative explains:

The main argument in favour is using [GEAF] to create varieties which can be used
for more sustainable agriculture, so reducing pesticide and fertilizer input. In view of
climate change. . . there are challenges for agriculture and there need to be solutions
(Int 05).

 14679523, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/soru.12429 by Test, W

iley O
nline Library on [19/12/2025]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License



DISENTANGLING EXPECTATIONS AND PATH DEPENDENCIES 357

TABLE 1 Proponents’ gene editing in agriculture and food (GEAF) expectations according to regulation
scenarios.

Expectations themes

If GEAF remains regulated
as a genetically modified
organism (GMO)

If GEAF is not regulated as
a GMO

Environmentally
sustainable and climate
change resilient
agriculture

Negative impacts for humans
and environment∙ Without GEAF, cannot
reduce inputs and farm
more sustainably∙ Crops and farmers
negatively impacted
because plant breeding is
slow

Benefits for humans and
environment∙ Reduce chemical inputs∙ Improve soil, water and air∙ Increase biodiversity∙ Climate change adaptation
and mitigation possible

Food security for growing
global population

Barrier to necessary gains to
feed a growing global
population∙ Hunger and malnutrition

Tool in the toolbox for more
efficient agricultural systems∙ Grow more food on less
land∙ Improve rural livelihoods in
Europe and Global South∙ Increase yields and improve
nutrition

Agronomic innovations
and solutions

Multinational agro-chemical
corporations control GEAF
innovations and
development

small and medium
enterprises, multinationals
and public researchers
compete and contribute∙ Open innovation system∙ Improve varieties faster
than traditional breeding

EU consumers Denied desirable food
characteristics

More desirable food
characteristics in markets∙ Better taste∙ More nutritious∙ Improved shelf-life∙ Removed allergens
Indirect benefits, such as
cheaper food

Economic and innovation
impacts

EU plant breeders and
scientists cannot use GEAF∙ Exodus to countries with
fewer regulations∙ US, China and other
countries dominate global
agro-food trade∙ Scientific progress happens
elsewhere∙ EU farmers denied access to
solutions

EU competitive in global food
trade and GEAF innovations∙ Science and technology
independence
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TABLE 2 Critics’ GEAF expectations according to regulation scenarios.

Expectations themes
If GEAF remains regulated
as a GMO

If GEAF is not regulated as a
GMO

Environmental and climate
impacts of industrial
agriculture systems

Changes to large-scale
industrial agriculture systems
may be possible (implied)

Continuation of current systemic
harms∙ More soil degradation, chemical
and nutrient applications, and
contributions to climate change

GEAF and food security
issues (earlier GMO
promises did not
materialise)

Resistance against
multinational corporations’
global agro-food power and
control∙ Benefits to Global North and
South through local solutions

Power and control remain
concentrated among a few
multinationals∙ Similar to GMOs, most benefits
accrued by businesses and
producers in the Global North∙ Enhanced agro-food
socio-economic inequalities in
the Global South∙ GEAF intellectual property and
patents further entrench power
of multinational agro-chemical
corporations

Agronomic innovations and
solutions

Agroecological, natural,
integrated, local and socially
responsive solutions may
spread (implied)
Possibilities to increase
biodiversity

Reinforce existing corporate
dominance of industrial agriculture
systems∙ Increase farmer dependency∙ More herbicide-resistant varieties∙ Decrease biodiversity

Proponents’ expectations include descriptions of how GEAF is one of several approaches and
technologies that can help address the need to increase global food production for food security
purposes. GEAF is often presented metaphorically as a critical tool in the toolbox of solutions to
farm more efficiently. These expectations counter critics’ concerns about path dependency and
lock-ins that are socially inequitable. By suggesting thatmultiple ‘tools’ will be needed for agricul-
ture innovations, it implies that diverse farming systems and various technologies and innovations
will be utilised to feed theworld’smost food-insecure nations. A farmer association representative
explained: ‘Of course, farmers in theworld have to farm. . . more efficiently because theworld pop-
ulation grows and we need to feed the people’ (Int !8). Another common claim is that GEAF will
enable farmers to producemore food on less land, whichmay be beneficial for environmental and
biodiversity conservation.According to proponents, GEAF’s diverse benefitswill help improve the
livelihoods of farmers and societies in Europe and in the Global South.
However, critics expect that rather than supporting sustainable production systems, GEAF

crops will further entrench the pathway of the existing industrial agricultural system model and
farm-level production practices that cause environmental harms, such as soil degradation, inten-
sive chemical and fertiliser applications and greenhouse gas contributions to climate change. As
Greenpeace’s Marco Contiero argues, ‘The obsession with simplified technological fixes for com-
plex problems is a distraction from systemic change we must achieve, which is arguably more of
a serious concern than the potential consequences that these technologies might have of chang-
ing the genome of living organisms’ (Euractiv 44). Contiero’s point also highlights that critics are
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DISENTANGLING EXPECTATIONS AND PATH DEPENDENCIES 359

concerned about more issues than just the possible scientific risks of GMOs to human health and
the environment.
Both proponents and critics express scepticism towards the credibility of the other group’s

expectations by suggesting that the opposing views are performative, seeking to garner political,
economic and social support for particular interest groups. Proponents argue that civil society
organisations and organics organisations are critical of GEAF because they want to protect their
own economic interests, while critics suggest that proponents are capitalising on current social
concerns around sustainability to gain support for purported agricultural biotechnology solu-
tions through GEAF. This awareness supports critics’ scepticism towards whether proponents’
GEAF promises will materialise. Critics’ expectations often draw on the history and impact of
GMOs, as well as the past failed promises from agribusinesses and scientists supporting GMOs,
when describing GEAF impacts on future agro-food pathways. For example, critics cite how early
GMO advocates predicted social, environmental and economic benefits for both the Global North
and smallholder farmers in the Global South, which largely did not materialise (Macnaghten &
Habets, 2020). French MEP Benoît Biteau contends, ‘These new GMOs are not a solution to cli-
mate change nor to food sovereignty; they have never delivered their promises’ (Euractiv 45). A
university researcher elaborates further: ‘Today people are more worried about climate change,
and I think that is why the proponents are more focused on climate change. That is where the
fears are’ (Int 22).

Agronomic Innovation: Winners and losers

Proponents claim that removing GEAF regulatory barriers will foster a more inclusive and open
agricultural biotechnology innovation regime in the future, contributing to the rapid develop-
ment of improved crop varieties while also disrupting the existing locked-in path of concentrated
corporate dominance in the global agro-food system. Within this future regime, public scientists
and SMEs can be at the forefront of GEAF developments. They argue that the GMO Directive’s
costly and excessive risk assessments make it very challenging for smaller farmers and compa-
nies to use the technology. A representative from an agricultural organisation contends, ‘if you
want to regulate gene-editing. . . like GMOs here in Europe, you are giving them on a silver platter
to [multinational corporations] because only they have the capabilities to work under complex
regulations. . . [strict regulations make it] more difficult for small companies to deal with’ (Int
24). References to inclusive GEAF innovation regimes are coupled with descriptions in which
gene editing techniques quickly and efficiently create solutions to pressing agronomic challenges,
such as drought tolerance, as opposed to what is perceived as the slow process of traditional plant
breeding.
Contrary to proponents’ optimistic expectations that reduced GEAF regulations will bring

about amore inclusive and openGEAF innovation regime, critics contest the claim that SMEs and
public researchers will be able to compete and innovate alongside multinational agro-chemical
corporations. An alternative agriculture organisation representative explains, ‘GMO and gene
editing go against everything we stand for, so agroecology, farmers rights to choose what they
want to produce, protecting small scale farmers against corporate control and the concentration
of power in the hands of few multinationals. . . ’ (Int !7). To critics, GEAF will become another
element of the current pathway wherebymultinational agro-chemical corporations own and con-
trol the technologies, patents, seeds, artificial fertilisers and pesticidal chemicals already locked
into industrial agricultural systems. Critics predict GEAF would further increase EU farmer and
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rural community dependence on corporations, reducing farmer choice, power and ownership
of seeds.
Critics reject claims that GEAF will be necessary for addressing agricultural production chal-

lenges, arguing that solutions to agricultural problems, such as plant pests, drought and climate
change adaptation and mitigation, already come from traditional breeding, organic production
and integrated farming approaches. When an organic producer was asked if GEAF might be
acceptable within organic farming, he replies,

If I see the whole package and I say “What are the benefits, costs, and risks for intro-
ducing [GEAF] into organic agriculture?” Then I think “Why shouldwe do thatwhen
we have other methods to solve these problems?” (Int 02).

Critics desire future agricultural systems with a greater focus on agroecological, local and
holistic approaches to agronomic and food production challenges as opposed to biotechno-
logical fixes. They are concerned that their desired agricultural system will be locked out
and pushed to the margins by GEAF proliferation and industrial agricultural systems. They
emphasise the need for resilient farming systems where integrated solutions consider the wider
ecological and social relations of food systems. Such a system, they claim, will increase plant
biodiversity, while the existing industrialised agricultural system decreases biodiversity due in
part to the focus on monocrop production practices. An alternative agriculture representative
sums,

[You can’t] impose a variety from the top to solve a problem that is inherently local.
Even if climate change is global, its impacts are inherently local, so you need a
local solution, which typically comes from biodiversity. Not with one variety that is
genetically improved (Int 02).

The risk of not using GEAF: Lock out

Unique to proponents’ expectations is an explicit emphasis on future risks and harms for plant
breeders, farmers, consumers and the environment that could result if GEAF remains regulated
as GMOs. These concerning futures are often situated within the global agro-food system. Such
expectations highlight negative impacts on EU economies, trade and technological innovation
fields as compared to global agro-food powers. Proponents stress that existing regulations will
hinder the innovation and economic competitiveness of EU plant breeders, forcing an exodus
in which plant breeding companies and scientists leave the EU to establish operations in coun-
tries with reduced regulations. They describe a future in which the EU agricultural sector is ‘left
behind’ (Euractiv !!) and locked out while other countries, such as the US and China, benefit
from GEAF progress and trade. Additionally, proponents speculate these missed opportunities
will impact EU farmers especially hard because they will be denied solutions to agricultural
production challenges.
Proponents also highlight how strict regulations could lock out consumers from GEAF bene-

fits. They stress that GEAF will benefit the average consumer, unlike earlier GMOs that largely
benefited producers. Proponents maintain that public dialogues and debates should focus on
the consumer benefits so that consumers disassociate GEAF from GMOs and support reduced
GEAF regulations, allowing these benefits to materialise. Cited examples include healthier and
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DISENTANGLING EXPECTATIONS AND PATH DEPENDENCIES 3)1

tastier foods with reduced allergens and longer shelf life. In a Euractiv opinion article, medical
pathologist Dr. Collin Berry explains,

[Gene editing techniques] create mushrooms that don’t brown, rice that is healthier
for diabetics and oilswithmore omega & fatty acids. Potentially, they could remove the
allergens from peanuts or make wheat safe for people with gluten intolerant Celiac’s
disease (Euractiv 8).

Proponents’ expectations are also embeddedwith claims that strictGEAF regulationswill result
in negative consequences and harrowing scenarios for people and the environment. A report
commissioned by CropLife International stresses,

The continued unpredictable political environment will likely lead to further reduc-
tions in the availability of crop protection products and biotech seeds in the region,
further hampering farmers’ efforts to sustainably increase production (Euractiv 4).

To summarise, we find that both GEAF proponents and critics are circulating expectations con-
nected to whether GEAF is regulated as a GMOwithin the strict guidelines of the GMODirective.
Future risks and benefits are situated within path dependency and lock-in/out scenarios. Propo-
nents describe how a futurewith reducedGEAF regulationswill bring diffuse benefits, suggesting
GEAF innovations can help disrupt the current agro-food pathway where power and control
are held by multinational agro-chemical corporations. However, without reduced regulations,
harm will ensue because GEAF will be locked out, making social, environmental and economic
benefits inaccessible. Conversely, critics are highly sceptical that such diverse benefits will mate-
rialise under reduced GEAF regulations and expect that GEAF would drive the EU further down
what they perceive as the entrenched path of intensive, input-dependent and large-scale indus-
trial agriculture systems. They foresee GEAF as likely another tool in socially, economically and
environmentally harmful and inequitable agro-food systems. For critics’ desired agroecological
model of agriculture to expand, the current agricultural system, and relations within it, must
change.

ANALYSIS AND DISCUSSION

GEAF proponents and critics are utilising expectations to shape understandings of the envi-
ronmental, social, economic and political value of GEAF with the intent of realising certain
agricultural, economic, technological and social goals and pathways. Both groups draw on
the common themes of environmental sustainability, food security and agriculture innovation
impacts on social groups. However, they hold fundamentally different visions of the role GEAF
can, and should, play in achieving goals within those themes. These expectations matter because
they are to some degree performative (Brown et al., 2000; van Lente, !((&) and promises about
the future can serve as cultural and social resources to legitimise policy decisions and invest-
ments in technologies (Jasanoff & Kim, 200(; Konrad et al., 20!)). After all, historical processes
are non-linear, and the future that materialises is contingent and will be influenced by complex
institutions, governance and economic systems, power dynamics and competing social actors.
By positioning GEAF as the antithesis to current path dependencies in agro-food systems and

potentially beneficial for almost everyone in the EU, proponents have attempted to hide and deny
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contestations and uncertainties (Beckert, 20!); Yanow, 2000) that were the key critical arguments
in the earlier GMO debates and the current GEAF discussions. For example, proponents describe
GEAF’s future within an open science and innovation regime as opposed to another factor con-
tributing to an agro-food pathway where large corporations benefit the most from GEAF and use
it to bolster high-input industrial approaches to agriculture. Such messaging reflects deliberate
attempts to pre-empt critics’ concerns and garner political and social support for new GEAF reg-
ulations. This messaging of ‘benefits for all’ under reduced GEAF regulations is highly alluring,
making the idea of GEAF lock-out seem unethical and unjust.
Critics’ GEAF expectations are ultimately evaluations of interactions across levels, space and

time. The history of GMOs largely shapes critics’ beliefs that GEAFproponents’ actual actionswill
be self-serving and profit-oriented rather than bringing diverse benefits. Although not explicitly
stated, it is implied within critics’ expectations that regulating GEAF as GMOs will help lock-out
GEAF from EU agro-food systems, thus blocking what they view as one more potential barrier to
the growth of agroecological models.
Addressing the grand challenges to sustainable agriculture will require additional considera-

tions and actions beyondGEAFauthorisation and risk assessment policies. This is perhaps the key
to tensions within proponents’ and critics’ expectations and greater messages about path depen-
dency and lock-in/out. These larger issues are about more than EU biotechnology regulations.
Whywould critics view proponents’ GEAF expectations as legitimate, possible and credible?Why
would they expect GEAF to help disrupt the power and control already deeply entrenched within
EU and global agro-food systems? If GEAF is re-regulated under a less stringent authorisation and
risk assessment system, additional policies and industry commitments are likely needed to ensure
that an inclusive and open GEAF innovation regime can emerge and be sustained. As a young
GEAF scientist suggested in an interview, new laws are needed to prevent even more corporate
agro-food mergers and acquisitions (Int 2!). Such legal changes could disrupt current agro-food
pathways, possibly fostering more confidence that GEAF can contribute to more equitable and
sustainable approaches to agriculture.
While critics’ expectations represent an overall pessimism about potential impacts if GEAF

proliferates in EU sciences and agriculture, that does notmean those voices are unanimously anti-
GEAF. For instance, organic agriculture communities and consumer and environmental advocacy
NGOs contain some diverging perspectives on the compatibility and acceptability of GEAF in
agriculture systems (Helliwell et al., 20!7). Within those communities, internal power imbalances
are shaping which social actors’ voices are heard and considered legitimate in discussions about
GEAFand organics (Nawaz et al., 2020), which alignswith the performative aspect of expectations
that ultimately appears as a bifurcated public debate despite the presence of nuanced positions
within and between social actor groups.
A central tension among both groups’ expectations is the idea that GEAF can coexist or

contribute to agroecological models of production. Montenegro de Wit (2022) interrogates the
‘complementarity narrative’ whereby proponents argue CRISPR-Cas( gene editing can comple-
ment agroecology values, principles and goals. Montenegro de Wit (2022) emphasises that a
core assumption within this narrative is that technology is neutral, yet ‘incentive structures for
tech innovation are anything but neutral. . . the trope of neutrality unmoors biotechnology from
path-dependent real-world circumstances. . . ’ (p. 7&8). Vanloqueren and Baret (200() draw a sim-
ilar conclusion, arguing that a genetic engineering technological research regime has fostered a
lock-in condition that in turn constrains the development of agroecological agricultural research
trajectories. The succession of corporate mergers and acquisitions among seed and agro-chemical
companies since the !((0s was driven in part by company efforts to capitalise on genetically
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DISENTANGLING EXPECTATIONS AND PATH DEPENDENCIES 3)3

engineering seeds to complement their existing agro-chemicals (Clapp, 20!8). GMO develop-
ers and distributors were motivated by potential profit rather than a desire to reduce ecological
impacts resulting from the existing systems. By pairing GMO commodity crops with agro-
chemicals, they encouraged and drove monocultural systems of agricultural production (Clapp,
20!8). This is contrary to the idea of biodiversity, which is fundamental to agroecological systems.
Critics’ GEAF expectations often speak to such contradictions.
Proponents’ expectations ofGEAFand environmental sustainability benefits acknowledge how

current large-scale agricultural pathways and practices are ecologically destructive, but they fall
short of calling for systemic change by advocating for GEAF technological fixes. The widespread
adoption of intensive, high-input monocultural agricultural practices over the last century has
caused ecological harms such as increased carbon emissions; water pollution from pesticides and
nutrients; biodiversity loss; soil erosion and degradation and weed and disease resistance, among
other impacts (Liebman & Schulte, 20!5; Reilly et al., 202!; Schütte et al., 20!7; Silva et al., 20!(). It
can neither be assumed that EU farmers will adopt GEAF nor that they would incorporate gene-
edited crops in a manner that reduces their farming operations’ ecological footprints (Lassen &
Sandøe, 200().
Another area of contestation is in relation to GEAF’s possible contributions to food security

and improving farmer livelihoods, especially in the Global South. According to Glenna and Ran-
som (202!), the chances that the next generations of genetically engineered crops, which include
GEAF, will deliver on their promises to farmers and publics in the Global North and South alike
is dependent upon social institutional contexts. There is also a greater need for empirical research
on GMO social and economic impacts despite proponents’ claim that GMOs have been socially
beneficial. The existing research contains many limitations and gaps, such as non-representative
sampling of farmers, focusing too much on short-term benefits and overlooking community
impacts (Catacora-Vargas et al., 20!8; Glenna & Ransom, 202!). Many scholars argue that socioe-
cological, institutional and cultural contexts should be considered before deciding to transfer
agricultural technologies to less economically developed locations (Bain et al., 20!8; Chataway,
2005; Glover et al. 20!7). Failure to do so can result in unintended consequences and ultimately
exacerbate social inequalities (Bain et al., 20!8; Stone & Flachs, 20!8). Similar to Luna’s (2020)
findings on GMO imaginary discourses in Burkina Faso, both GEAF proponents and critics make
essentialised comments about rural communities and farmers. The difference is that critics call
for considering local contexts.
While proponents in the EU and US are presenting GEAF as a democratic and open inno-

vation technology that will be used by public and private researchers and firms of various sizes
(Bain et al., 2020; Siebert et al., 2022), there are significant reasons to be sceptical about the like-
lihood of these expectations. For instance, in the US, multinational agro-chemical corporations
are firmly invested in GEAF research and development internally as well as externally through
public and private collaborations, giving them a structural advantage to reap economic benefits
and determine GEAF crop research trajectories. For instance, Bayer Crop Sciences is arguably
one of the most powerful seed and chemical corporations in the world. Bayer has formed agricul-
tural research collaborations with gene editing start-up companies such as Pairwise and PivotBio,
as well as contributing funds to universities that research GEAF. Corporate/start-up and even
corporate/university collaborations could potentially limit the scope of research to serve corpo-
rate interests rather than create public goods (Glenna et al., 20!5b), such as orphan crops that
might benefit food-insecure nations the most. If the current corporate consolidation trends con-
tinue, GEAF innovation will likely encourage greater consolidation as large corporations absorb
start-up companies.
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Further, the intellectual property landscape of licensing and patenting for CRISPR-Cas( gene
editing technologies is not as open as suggested. The complex licensing landscape is especially
challenging for start-ups and SMEs to navigate (Hönig et al., 2022), and they often do not have the
same finances available for legal expertise as do large corporations. The foundational CRISPR-
Cas( licenses are only free to public and non-profit organisations for research purposes, limiting
their ability to commercialise and distribute potential gene-edited plants. In addition, scien-
tific advances have expanded the suite of CRISPR systems beyond the Cas( enzyme, bringing
gene editing technology patents to public and private entities who may not wish to license their
technologies openly. Ultimately, intellectual property protections can restrict the diffusion of
agricultural research and technologies, limiting possibilities to transform agricultural systems in
socially, economically and environmentally sustainable manners (Glenna et al., 20!5a).
Perhaps the greatest constraint to proponents’ claims of an altruistic future where GEAF brings

widespread benefits is the complex regulatory and normative economic structural forces of the
neoliberal global agro-food system (McMichael, 200(). As such, GEAF and its potential bene-
fits and harms must be considered within both local and global contexts. Since the !(80s, the
global agro-food systemhas evolved and largely embraced trade liberalisation, neoregulations and
stronger intellectual property rights (Pechlaner, 20!0, 2020). Over time, structural factors such
as public and private agro-food governance entities reinforced this pathway, making it difficult
to introduce change (McGuire, 2008). Neoliberal capitalist logics of markets and quasi-markets
privilege and reward systems that maximise returns on capital through intensification and com-
modification, which bolsters current large-scale agricultural systems (Goven & Pavone, 20!4).
There is no reason to believe that GEAF will be immune to capitalist market logics either. Also,
modern commodity crop agriculture is largely dependent on costly inputs, such as proprietary
seeds, pesticides and fertilisers, thus best suited for maximising profits within this industrial agri-
culture model. Because many structures, systems and processes buttress existing agro-food path
dependencies, GEAF developments that are not aligned with those values and principles will face
barriers.

CONCLUSION

Despite proponents’ positive expectations for diverse GEAF benefits, it will requiremore than less
stringent GEAF regulations at the EU level for such benefits to materialise. Governance, regula-
tory, institutional, sociocultural, scientific, economic and spatial-environmental factors can all
potentially reinforce or disrupt agricultural and scientific innovation pathways and lock-in/out
conditions. By considering these complex factors and critics’ GEAF expectations, EU political
decision-makers will be better prepared to establish various GEAF regulatory and institutional
checks and balances to promote socially, environmentally and economically sustainable agro-food
systems. This is not a simple task, despite proponents’ expectations that GEAF can contribute
substantially to all three sustainability legs without any negative impacts. Societies, groups, the
environment and economies are influenced by a complex web of interactions. At the same time,
considering path dependencies may sway decision-makers to avoid GEAF (re)regulation alto-
gether, allowing for continued EU resistance to biotechnologies in agriculture. That by itself will
not resolve issues and inequalities in EU agriculture, but it will block GEAF from potentially
exacerbating unsustainable systems and practices. To foster inclusive and robust GEAF and agro-
food governance, diverse perspectives from stakeholder groups, including EU publics, must be
included or risk damaging the legitimacy of EU biotechnology oversight altogether (Lassen, 20!8).
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