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Societal Impact Statement

The European Union is in the midst of changing the current regulatory framework for

new genomic techniques (NGTs) to accelerate the production of plant varieties, in

order to achieve the goals of the European Green Deal. These techniques are highly

contested, with divergent views on how they should be governed. So far, there has

been little effort to engage citizens in this legislative reform process. By engaging

with Dutch citizens, we give the public a voice in shaping the future of agriculture

and the food system. By facilitating the exchange of multiple views, we allow for

more effective governance arrangements.

Summary

• The European Commission (EC) has proposed a new regulation for plants obtained

by new genomic techniques (NGTs). Currently, food crops developed with NGTs

are subject to the EU Directive 2001/18/EC on the deliberate release into the

environment of genetically modified organisms (GMOs).

• The current proposal for a new regulation differentiates between two categories

of NGT plants. Category 1 NGT plants will be subject to the new regulation,

whereas Category 2 plants will remain subject to the GMO legislation, although

the risk assessment may be adapted.

• In this paper, we analyze the views of Dutch citizens on NGT crops and their gov-

ernance, prior to the publication of the new proposal. We find significant reserva-

tions arising from doubts about NGT crops delivering on their promises, the

likelihood of unanticipated consequences, and unnaturalness.

• We extrapolate our findings to anticipate citizen's response to the new proposal

and reflect on ways to move forward, both for policy making, and for the plant sci-

ence community.
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1 | INTRODUCTION

The proposed introduction of genetically modified (GM) crops and

foods in the late 1990s precipitated acute scientific and public con-

troversy across Europe. Concerns centered on risks to human health

and the environment, doubts about its value for society, objections

to tampering with nature, and disquiet about the concentration of

power in large, global agrochemical and plant breeding companies

(Grove-White et al., 1997). In response, the European Union intro-

duced regulatory measures designed to control the import and culti-

vation of genetically modified organisms (GMOs). From 2001, GM

crops subjected to these regulations were required to be assessed

for direct, indirect, and cumulative (immediate and long-term) effects

on public health and the environment, while GM food and feed

needed to be monitored, traceable and labelled, with the aim of

informing consumers and other actors. A consequence of the

European policy is that applying for a license to cultivate GM crops

has become both time-consuming and expensive. Indeed, while

worldwide there has been steady growth in the area covered by GM

crops, there are only two European Union (EU) countries where GM

crops are grown, GM maize in Spain and to a lesser extent in

Portugal (European Commission, 2023a, 2023b, 2023c). In this con-

text, various companies, scientists, and their respective associations

have been active in advocating for a revision of the current regula-

tion (Habets et al., 2019).

This pressure on the EU to change its legislation has intensified in

recent years after the development of new genomic techniques

(NGTs),1 in particular, following the discovery of CRISPR-Cas9 in

2012. The Netherlands has been at the forefront of member states

seeking to revise the current GMO Directive (Parliamentary docu-

ments of the Dutch House of Representatives, 2017/2018; Parliamen-

tary documents of the Dutch House of Representatives, 2023/2024).

Most arguments for a new, less strict regulation for NGT plants, and

thus an exemption from the GMO Directive, rest on the claim that

these techniques can make small, targeted changes to the genome of

plants in the laboratory (also referred to as targeted mutagenesis). In

principle, these mutations could have been achieved by conventional

breeding or classical mutagenesis, and the changes in the plants'

genome do not have to contain any foreign DNA. Many scientists and

breeding companies therefore see these techniques as fundamentally

different from the class of older genetic modification (GM) techniques

that were designed to introduce foreign DNA into the genome of cells

(Habets et al., 2019).

Because NGTs offer the capacity to change the genome in the lab

in ways that are faster, more accurate, and less expensive, they offer

the potential to accelerate developments in the GM of plants. Corpo-

rate and scientific actors express the fear that if Europe does not

change its strict regulation, it will lag behind and lose its competitive

edge in the plant breeding (research and development) field (Duroc

et al., 2022; WePlanet, 2023). As the third largest sector behind the

USA and China, the EU seed market is valued at around 7–10 billion

Euros, about 20% of the global market (European Commission, 2023a).

According to the impact assessment of the European Commission

(EC), the EU seed market comprises about 7000 companies (mostly

small- and medium-sized enterprises, SMEs) with about 52,000

employees.

Therefore, in July 2023, the EC published a proposal for a new

regulation on plants obtained by certain new genomic techniques

and their food and feed (European Commission, 2023b). According

to the EC, adopting a specific legal framework for GMOs obtained

by targeted mutagenesis (small, directed mutations in the DNA)

and cisgenesis (the transfer of genes within one species) was nec-

essary, as their earlier study demonstrated that the current regula-

tion was “not fit for the purpose of regulating the deliberate

release of plants obtained by certain NGTs and the placing on the

market of related products including food and feed” (European

Commission, 2021, 2023a; Paraskevopoulos and Feredici, 2021).

So far, there has been limited scope for public engagement in this

legislative reform process, even though including the voice of citizens

in the development of policy is viewed institutionally as important

(European Commission, 2023c). Moreover, the historical unrest and

social resistance to GM food in Europe has been partly attributed to

the restricted scope for public involvement in the regulatory process

(Grove-White et al., 1997; Jasanoff, 2000; Kearnes et al., 2006;

Wynne, 2001). In this study, conducted before the EC presented their

new proposal, we examined the views of Dutch citizens on the use

and governance of NGTs in plant breeding.

1.1 | Proposal for a new regulation of new
genomic techniques

The proposed regulation of the EC on NGTs distinguishes between

two categories of NGT plants. Category 1 encompasses NGT plants

that “could also occur naturally or be produced by conventional

breeding techniques and their progeny obtained by conventional

breeding techniques” (European Commission, 2023a). These plants

would fall under the scope of the new regulation on NGTs. All other

NGT plants would be classified as Category 2 NGT plants and would

be subject to the GMO Directive, although a “proportional” risk

assessment would be developed.

On February 7, 2024, the European Parliament (EP) adopted

amendments to the proposal of the EC and supported the proposal

with a narrow majority (European Parliament, 2024). Where the EC

had proposed to treat Category 1 NGT plants in a similar manner as

plants that have occurred naturally or that have been produced by

conventional breeding techniques, making them exempt from risk

assessment and labeling requirements, the EP voted to give con-

sumers freedom of choice by enforcing labeling of all NGT products

and not merely NGT seeds. The EP revised the proposal in additional

ways, among others by a ban on patents on NGT products and by

excluding NGT plants featuring herbicide-tolerant traits from the

1NGTs is “an umbrella term used to describe a variety of techniques that can alter the

genetic material of an organism and that have emerged or have been developed since 2001,

when the Union legislation on genetically modified organisms (GMOs) was adopted”; see
(European Commission, 2023).
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scope of Category 1 NGT plants. They also changed the criteria of

equivalence of NGT plants to conventional plants. The EP voted again

on April 25, 2024. The majority voted in favor. No amendments were

possible in this second vote. This new amended draft of February

2024 is the final position of the EP and has served as the basis for

negotiations among the Parliament, the Council, and the Commission.

Several agricultural organizations support the EU Parliament's

amended proposal (Euroseeds, 2024; Plantum, 2024), although the

European Plant Science Organization (EPSO) raised concerns about

mandatory labeling and intellectual property provisions (EPSO, 2024).

Meanwhile, civil society groups and some scientific bodies, which

include the French Agency for Food, Environmental and Occupational

Health, and Safety (2024) and the German Federal Agency for Nature

Conservation (2024), argue that the proposal undermines biosafety

(Biodynamic Federation Demeter, 2024; Friends of the Earth

Europe, 2024; IFOAM Organics Europe, 2024), with some declaring

that there is no evidence yet to support the argument that NGT and

non-NGT crops are scientifically equivalent (German Federal Agency

for Nature Conservation, 2024; The European Network of Scientists

for Social and Environmental Responsibility, 2024). The European

Parliament has requested an European Food Safety Authority (EFSA)

review of recent studies (ARC, 2024).

Proponents and opponents for adopting the current proposal dif-

fer in their opinion on whether NGT crops are likely to help solve

some of our current societal challenges such as climate change, biodi-

versity loss, and food security. Proponents believe that these NGTs

can help develop new varieties more effectively and faster, and thus

help the agricultural sector to increase our food security and assist

the transition to a more sustainable agriculture, for example, by breed-

ing new plant varieties that are resistant to pests, more adaptive to cli-

mate change, and that require less fertilizer. Opponents argue that

NGTs will most likely be used to support the intensive, unsustainable,

agricultural model (IUCN-NL, Natuur en milieufederatie Noord-

Holland (MNH), Natuur, & Milieu, 2022). Currently, many GM crops

are developed by large multinational agrochemical corporations, who

focus primarily on traits like herbicide resistance, which aligns with

the intensive agricultural model (Greenpeace, 2021). Furthermore,

small-scale, nature-inclusive farming practices, such as organic

agriculture, generally oppose the use of GM crops and, therefore, also

NGT crops (Dequeker, 2022). Because the potential to enhance

sustainability hinges on specific breeding objectives and the types of

cultivation systems they target, opponents believe NGT crops will be

developed for intensive agriculture, whereas it is the transition to

nature-inclusive farming that in their view would make farming truly

sustainable.

Because of concerns over patentability, labeling, and traceability,

the European Council has not been able to reach an agreement among

member states to adopt the new regulation before the European elec-

tions in 2024. As of July 1, Hungary has assumed the presidency of

the European Council. The new European Parliament had its first

plenary session of the new legislative term in July 2024. However, it

will probably take until at least December 2024 before the new

European Commission can restart negotiations with the new

European Parliament and Council (Sanchez Manzanaro, 2024). There

is therefore still time for politicians and policymakers to hear voices

not heard yet in the societal and political debate. Notably, there has

been only marginal attempt to involve citizens in the debate in a seri-

ous manner.

2 | RATIONALE FOR THE STUDY

Involving citizens is important for several reasons. First, citizens have

the right to have a say in developments that affect them. Second, with

citizen participation, political choices can be better legitimized and

gain wider support. And third, with citizen participation, policy is bet-

ter aligned with problems, practices, and needs in society (Broerse &

de Cock Buning, 2012; European Commission, 2023c). While studies

show the desire of citizens to be informed and to have a say in regula-

tory decisions on biotechnology, it is noticeable that there has been

restricted scope across Europe (including in the Netherlands) for

meaningful public involvement in the debate on NGTs. The EC held a

consultation process in 2022 with the aim of informing citizens and

stakeholders about the legislative initiative on plants produced by cer-

tain NGTs, and asking for feedback (European Commission, 2022).

Overall, there was more support for the regulation of NGTs, albeit less

strictly, than for exempting NGTs from the GMO Directive, which

conforms to a higher percentage of respondents expressing a

preference for a risk assessment and for the labeling of NGT crops.

Although the EC provided citizens with the opportunity to comment

on their plans, limitations are that the use of the survey method

restricts the scope of questions to those seen as relevant by the Com-

mission, and that the questionnaire is likely to have been completed

mainly by stakeholders and citizens with prior knowledge about—and

possibly a prior position on—the debate and the upcoming regulatory

change. Indeed, one had to be aware of the existence of this public

consultation to participate.

The aim of this research was to examine the views of Dutch citi-

zens on the use of NGTs and older GM techniques in food crops,

investigate what factors shape these views, and explore their views

on the conditions they deem necessary to introduce NGT crops onto

the European market, if introduced at all. This study was not designed

to inform or influence the public, or to examine people's perceptions

as consumers; rather, it is their role as citizens that shape this study

with the goal of providing policymakers with knowledge on the shared

commitments and concerns of citizens. We should also emphasize

that this study was conducted in the summer of 2022, before the EC

published their proposal, and before the organic sector in the

Netherlands started their “my food, my choice” campaign (mijneten-

mijnkeuze.nl). Citizens thus had not been exposed to the upcoming

changes in the regulatory framework of GMOs yet, nor had there

been much press coverage about NGT crops.

The research was set up to answer the following research

questions.

HABETS and MACNAGHTEN 3
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• RQ1: Do Dutch citizens view crops modified by gene editing

(GE) techniques (or NGTs)2 as substantially different from those

modified by the older GM techniques?

• RQ2: What are citizens' concerns and hopes for NGT crops and

food, and what factors underpin these?

• RQ3: What governance does the public see fit for NGT crops?

In this paper, we provide an overview of our findings.

Subsequently, we reflect on what our findings tell us about how

Dutch citizens would view the current NGT proposal.

3 | METHODOLOGY

We employed the Anticipatory Public Engagement using Focus

Groups (APEFG) method (Macnaghten, 2017, 2021), designed to

examine how people develop views and perspectives on a new

technology in structured social interaction. This small group deliber-

ative method is particularly useful when technologies and their

impacts are not yet visible in the public domain and when publics

have yet to develop their own views and attitudes. With an antici-

patory approach, societal responses to emerging technologies can

be projected in terms of their likely unfolding in real-world circum-

stances. We conducted six focus group discussions (FGD), each last-

ing between 2,5 and 3 h, taking place in Amsterdam (n = 5) and

Amersfoort (n = 1). The FGDs were structured using a topic guide

(see Method S1). The APEFG method consists of five design

criteria: context, framing, moderation, sampling, and analysis and

interpretation.

3.1 | Context

A criticism commonly levelled at public engagement processes is that

they tend to be framed from the point of view of a narrow set of

incumbent interests, typically comprising expert scientific and policy-

making communities, with the effect of “closing down” alternative

ways of framing policy discussions (Stirling, 2007). To counter this

possibility, the APEFG method develops an endogenous approach

that attends to the contextual factors deemed as likely to be signifi-

cant in the shaping of societal responses to the issue, and where the

participants discuss these aspects prior to the participants deliberating

upon, or even having knowledge of, the technoscientific topic under

consideration (the participants are recruited topic blind). For our

research, we projected that responses to gene edited foods and crops

are likely to depend principally on people's views and relationships

with food, their ideas on food production, and their views on the role

of technology therein.

3.2 | Framing

The issue of how to “frame” information is a core concern for the

APEFG method, cognizant that the representation of a technology is

never neutral but always framed in particular ways and for particular

purposes. For our research, we sought to offer the participants attrib-

uted information on the issue (as framed by expert actors) as well as

an inclusive range of rhetorical resources and frames reflecting how

different stakeholders (corporate, governmental, civil society, and

NGOs) are framing and representing the issue in the public sphere.

Using carefully designed concept boards (see Methods S2) to guide

discussion (A0 in size), Concept Board 1 delineated different

approaches to agriculture (intensive farming, agroecology, precision

farming, and organic farming); Concept Board 2 set out three tech-

niques to modify crops (traditional breeding, classical mutagenesis,

and transgenesis); Concept Board 3 described arguments in the GMO

controversy in the 1990s (for and against); Concept Board 4 set out

the current regulatory landscape in Europe and information on GM

crops; Concept Board 5 explained the CRISPR-Cas9 technique; and

Concept Boards 6–8 articulated arguments that the GMO regulation

should be revised, retained, or amended via a new level-based

approach, respectively.

3.3 | Moderation

A deliberative discussion is more than a group interview or the aggre-

gation of individual opinions and preferences. It is a space where a

group identity and discourse can emerge, where the collective is

empowered to articulate the issue at hand in its own terms

(Ruiz, 2017). To facilitate this process, the moderator encourages the

movement between argument and counterargument in a spirit of

mutual understanding. The role of the moderator is to keep the group

on topic (using a well-formulated topic guide, see Method S1), raise

topics, listen empathetically, ensure a diversity of voices, probe differ-

ence and convergence between the participants, and move from one

topic to the next only when the full range of arguments appears

exhausted. Such a role requires training and expertise, and for our

research, Macnaghten led the moderation for the English-speaking

group (FGD1), and Habets for the Dutch-speaking groups (FGD2–

FGD6). Even though the participants did express this to be a difficult

topic, they proved able and competent to enter into the current and

future worlds of GE in crops and foods, facilitated through abiding

with general rules of good focus group moderation.

3.4 | Sampling

The focus groups were composed of a cross-section of invited citizens

professionally recruited to represent prototypical segments of the

Dutch population but with topic-specific characteristics to provide

distinctive perspectives on technology and food. A financial incentive

was offered for participation in the study. Informed consent was

2In our focus group discussions, we used the concept of gene editing, instead of new

genomic techniques (NGTs). In the remainder of the paper, we will use the terms

interchangeably.

4 HABETS and MACNAGHTEN
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sought from the participants of the focus groups with assurances of

anonymity on how the data would be used in practice. The topic

groups included people who either enjoyed food and cooking or who

were vegetarian (FGD1); people enthusiastic about technology

(FGD2); people fond of the outdoors or who strived to live sustainably

(FGD3 & FGD4);3 a group of public sector professionals with a keen

interest in global affairs (FGD5); and people who shared a certain dis-

trust for institutions, politics, and government (FGD6) (see Table 1).

The focus groups were “topic blind”; the participants were not

informed on the specific topic prior to participation. We did not invite

the participants with a priori stakes in the debate, such as scientists or

farmers, who were deemed likely to already have a predisposed

position.

3.5 | Analysis and interpretation

With consent, the focus groups were recorded and transcribed ad ver-

batim. Using Atlas.Ti9, we coded the full transcripts. Codes and

themes were formed in the process of analyzing. Special attention

was given to analyzing the values and assumptions that shaped the

participants' responses to GE technologies. We looked for conver-

gences and divergences between and across groups.

4 | RESULTS

In this section, we set out the results of the focus group discussions.

Despite differences in group composition, as regards age, socio-

economic background, educational level, and topic-specific character-

istics of groups, similar concerns, hopes, and conditions were voiced,

and fairly comparable attitudes to foods, GM and GE emerged,

although there were expressed differences of opinion within groups.

For example, we noticed a slight difference between groups in the

specifics of issues that were emphasized when the participants talked

about the (future of) food. Whereas the participants from a higher

socio-economic background with a theoretical education were

inclined to talk about the food and the food system in a global context

(e.g., fairness and effect on the environment), the participants from a

lower socio-economic background with a practical education tended

to focus more on price and taste—although global issues were also

discussed. Another difference was the underlying tone in which GM

was talked about initially: some groups seemed more positive than

others, but the more information the participants received and dis-

cussed, the more groups converged toward the view that we need to

exercise caution when introducing this technology. For these reasons,

our analysis below focuses on the commonalities across the focus

groups, not least because responses were rarely linked to the specific

characteristics of the group.

4.1 | Citizen views on food and agricultural
systems

Here, we explore how people spoke of their connection with food, its

meaning and role in everyday life, the issues associated with food and

agriculture, and their views on food systems and the role of technol-

ogy therein. Most people spoke of a deep connection with food, con-

veyed in terms of care and attention, and of the pleasure in cooking.

They expressed a preference for tasty, healthy, and nutritious meals

made with fresh, natural ingredients. Clearly, people enjoyed a seem-

ingly expanding array of ingredients, tastes, and cultures, which were

seen as helping to move Dutch society away from a traditional and

somewhat dull diet of boiled vegetables, potatoes, and meat, to some-

thing more interesting. Although viewed as generally a good thing, this

increased availability of diverse options (in combination with social

media representations) had nevertheless for some generated the pres-

sure not to be seen as boring. Moreover, they simultaneously

denounced the unlimited, year-round availability of many products

from all over the world. Eating locally grown and seasonal foods was

viewed by many participants as more sustainable, and arguably as

healthier and tastier as well. Other downsides in people's experiences

of our changing relation to food included the increasing commerciali-

zation and marketing of foods, driven by finance and generating what

many viewed as tasteless vegetables and bureaucratic oddities such

as requirements for straight cucumbers. Groups discussed that the

impact of cooking shows numerous fads and diets, and the role that

food plays in social media.

When the participants discussed the future of food, they

addressed several (systemic) challenges. Across almost all groups, peo-

ple discussed systemic issues of food scarcity and high nitrogen

3Because focus group 3 only consisted of five people, and the agency we used was

contractually obligated to procure a minimum of six participants, this focus group was

repeated using different participants.

TABLE 1 Overview of the composition and characteristics of the focus groups.

Age range Nr of participants Gender Educational background Location Language Topic-specific variable

1 25–40 8 4 M/4F Theoretical education Amsterdam English Foodies and vegetarians

2 35–50 7 3 M/4F Theoretical education Amsterdam Dutch Technophiles

3 40–55 5 2 M/3F Practical education Amersfoort Dutch Outdoors and sustainable living

4 45–55 7 4 M/3F Practical education Amsterdam Dutch Outdoors and sustainable living

5 45–60 8 3 M/5F Theoretical education Amsterdam Dutch Public sector professionals

6 30–45 6 2 M/4F Practical education Amsterdam Dutch Mistrusting institutions

HABETS and MACNAGHTEN 5
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emissions, the latter, a problem particularly prevalent in Dutch agricul-

ture. Some groups discussed the intensification of agriculture, its

impacts on biodiversity (local and global), and the risks of epidemics

because of livestock farming. For many, farmers were seen as trapped

in an unsustainable system arising from a history of poorly considered

government subsidies and dependencies. The focus groups discus-

sions took place during the time of the farmers' protests in the

Netherlands, and thus at a time when the media were reporting on

drawbacks of the current food system. It is thus not surprising that

these drawbacks were mentioned. Other worries discussed included

the cost of food (a prescient issue especially for those in lower socio-

economic demographics), unfairness in the food system (a particular

focus was the cost of foodstuffs going disproportionately to super-

markets and middlemen and not to farmers), a prevalent economic

model that cultivates superficial needs (such as strawberries dipped in

chocolate on Valentine's day), health inequalities (where healthy,

nutritious, and organic foods were seen as becoming increasingly a

preserve for the rich and elites), and growing vulnerabilities in the sys-

tem, as expressed in the exchange below in FGD4 (the “outdoors and
sustainable living” group).

Saskia4: Also, the climate is changing, so we

should expect changes in how much

things are going to cost, whether

things can still grow or … . and

[whether] everything will become

more expensive….

Matt: Yes, I do worry… If you look at prices

nowadays. If you want to eat health-

ily, well, healthy, what is healthy any-

way? But if you just eat your portion

of meat or vegetables or rice or pota-

toes or whatever, the healthier you

want to eat, the more expensive it is

compared with … So, it seems some-

times like, especially for people with

a smaller budget, you are just being

pushed in a certain direction; you do

not have a lot to spend, so then you

go in that direction and then you get

fatter, or you get diabetes, or you

get [other health] problems.

Tom: But it is like that. People with a lower

income have no choice. They cannot

choose organic. I see it very often in

my work. People in mental health

care with a minimum income; they

want to live healthier but it's just not

possible. It's just not possible. And I

think the government can be blamed

for that.

Concept Board 1 depicted four different approaches to agricul-

ture: intensive farming, agroecology, precision agriculture, and organic

farming. Although individual people expressed a preference for

organic and agroecological systems, people in general saw the need

for an integration or balance among organic, agroecological, intensive,

and precision farming. Technology was viewed as an essential ingredi-

ent, but distinctions were made between technologies such as artifi-

cial intelligence (AI) or robotics that were aimed at making the system

more efficient, and those aimed at modifying the biological composi-

tion of the crop or the animal (e.g., through innovations in breeding

and biotechnology), which were seen as potentially more problematic.

Interestingly, even before the concept of genetic editing had been

introduced to the focus group discussion, the company Monsanto had

emerged in several groups as a symbol of a negative connotation of

the use of technology in agriculture.

4.2 | Citizen views on the GM of plants

In this section, we examine Dutch people's views on the application of

GM technology in food crops: how people viewed the technology in

contrast to other techniques of plant breeding, how they responded

to arguments either for or against the technology as manifested in the

societal controversy that took place in the 1990s, and how they

responded to the current political landscape of GM crops and foods in

Europe, including their governance.

We first asked the participants about the concept of GMOs:

whether they had heard of them and what associations they had.

Most participants had heard about GMOs, particularly the older ones,

who were also aware of the controversy surrounding GMOs. How-

ever, people generally had limited understanding of what the tech-

nique of GM actually entails. The participants expressed a mix of

associations. On the positive side, people mentioned the capacity for

GM crops to adapt to local conditions, to improve disease resistance

and efficiency, to control mutations, and to increase yields. On the

negative side, people associated GM with “Monsanto,” “creepiness,”
“disconnecting from nature,” “playing God,” “not beneficial to

consumers,” “arrogance,” “danger,” “perfectly shiny (and tasteless)

tomatoes,” and as likely to upset the balance of nature and to produce

a domino effect. This ambivalent reaction, between the sentiment of

GM crops leading to greater efficiency and higher yields, and a more

inchoate apprehension that they were somehow troubling in how

they “disrespected nature,” with associated harms, was voiced by the

public sector professionals in FGD5 (public sector professionals) in

the exchange below:

Mod: We want to talk about one particular

technology, and that is genetic modi-

fication. What comes to mind when

we talk about the genetic modifica-

tion of plants and crops?

Bart: A square tomato … (laughter)

Carlijn: A triangular pepper.4Names of the participants are fictional.
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Margo: A blue strawberry …

Carlijn: Everything is manipulated.

Cees: The first thing that comes to mind is:

“more, with the same conditions.”
So, with the same amount of water,

the same amount of light, the same

amount of soil, that you have more

yields.

Mod: So more efficient?

Cees: Yes, more efficient, that a crop can

deliver more with the same amount

of water.

Femke: To me, there is also a certain arro-

gance in it. That you have no respect

for nature anymore … That every-

thing can be made.

Ingrid: I find it less natural then.

Francine: Yes, I find it dangerous.

Following a discussion of GM crops and foods in general, we illus-

trated the use of the technique, with the example of the Bt-brinjal

aubergine, modified by a gene from a soil bacterium to make the crop

resistant to the eggplant moth in Bangladesh. Reflecting on the case,

some participants expressed a positive view, as it offered to support

the livelihood of farmers in the Global South and to help ensure that

the population has enough food. Others expressed doubts about the

long-term safety record for humans and on possible effects on the

ecosystem. Overall, when the participants were asked to compare and

contrast GM (transgenesis) techniques of plant breeding with tradi-

tional breeding and classic mutagenesis (see Concept Board 2), people

expressed most sympathy towards traditional breeding techniques.

Most people were unfamiliar with mutagenesis and with details of the

technique of GM, and, following deliberation, did not meet either of

these technologies with enthusiasm.

When asked to respond to arguments prevalent in the debate on

the GMO controversy of the 1990s, depicted in Concept Board 3, most

participants tended to respond as follows: that they accepted/believed

that GM technology could help in our quest to solve systemic chal-

lenges such as global food security, but that in practice, the technology

had been and would continue to be used by corporations for commer-

cial reasons to gain control over the food system, with problems likely

to manifest only later. This is reflected in the comment below in a

discussion in FGD4 (outdoors and sustainable living):

Derek: Yeah, well, commerce wins, so. Look,

what I just wanted to say is, if you

are going to use this kind of thing to

indeed alleviate food shortages in

the world, that you can indeed

ensure that certain crops are har-

vested in countries where they are

really needed, where people are

dying of hunger, then I think you are

pursuing a good goal. The moment

you actually start modifying seedless

cherries and things like that, then I

think: yes guys, what are we actually

[doing?] … How incredibly selfish we

are being with regards to evolution.

And we are going to shoot ourselves

in the foot with this. We can already

see that with the whole climate prob-

lem, with diversity, the insects that

are dying. And that's just what you

create. And we have only really been

at these things for twenty or thirty

years, but we are already seeing the

misery that's coming to the surface.

When asked to reflect on the current state of regulation in

Europe, depicted on Concept Board 4, people tended to approve that

Europe had adopted a cautious approach compared to other regions.

For some, GM crops offered some potential, for others, it offered little

meaningful help towards the systemic problems faced in global agri-

culture (such as the contribution of livestock farming to climate

change), and that while GM agriculture may prove necessary for the

Global South, it was not necessary for the Netherlands, as discussed

by the participants in FGD2 (technophiles):

Willem: Yes, it is a circle in that sense. It is

necessary, because of the way we do

it now, agriculture, livestock breed-

ing, that leads to climate problems.

[…] Because [it is] largescale agricul-

ture, and monoculture agriculture,

[that] leads to big problems. And, if

you still want to be able to grow

crops and ensure that the world's

population can eat, you will have to

further develop food, partly. Unless

you can somehow apply the brakes,

not completely, but sufficiently, then

it would not be necessary. But yes,

better to be safe than sorry, and

really do continue to develop.

Mod: And does everyone agree with that,

that we need it?

Merel: No, not at all. I think, they have also

done research [and shown] that all

the crops that are now being grown

for livestock, for cattle feed, that's

super inefficient. And, also, all that

water that those animals have to

drink. So, an awful lot of water and

grain and soya goes to those animals.

Those animals also need land, they

HABETS and MACNAGHTEN 7
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need to grow. They need to eat, and

they need to drink. We then slaugh-

ter them and transport them all over

the world. The pieces of meat are

stored. And so… And [it is] through

these animals we humans mainly get

[our] protein. Whereas, if you take

that whole step out of the equation,

or at least reduce it, then you can

give food directly to people. And then

we would not have a food shortage.

[…]

Roel: We [The Netherlands] are not going

to make the difference [if we would

change our diet]. But we can be the

trendsetter, which is often the case

in the Netherlands.

Bart: Yes, but that's why it's important to

always find a kind of middle ground,

[so] as to inspire others, like: oh yes,

it can be done this way.

Lieke: But I do not think genetic modifica-

tion is necessary in the Netherlands.

I think that if you look at the more

developing countries in Africa, or

places where it is indeed difficult to

grow crops at the moment, and

where people are hungry …. But yes,

that may be, what I just said, I do not

think we need it in the Netherlands

to produce more [food], but I think

especially in places… where it is diffi-

cult to produce food.

4.3 | Citizen views on the GE of plants

So far, we have examined how Dutch citizens view food, agricultural

systems, and the GM of food crops. We have performed so to comply

with our research methodology that emphasizes the need to explore

the context out of which attitudes and viewpoints emerge. How

people develop attitudes to the GE of plants, our argument runs will

depend on how they view the role of (bio)technology in foods, their

perspective on the arguments surrounding the (earlier) technology of

GM, and their sense of the comparison between GE and

GM. Proponents of GE often declare a difference in kind between

GM and GE. But was this the case for our Dutch participants? Our

research painted a distinct set of responses. Following a discussion in

which the GE CRISPR-Cas9 technique was introduced by one of the

moderators to participants aided by Concept Board 5, we explored

arguments as to whether GE should be regarded as similar to tradi-

tional breeding or to GM. The participants viewed GE plants as similar

in kind to GM plants for two reasons: because at an ontological level,

both processes involved the direct manipulation in laboratories of the

genetic structure of plants (it mattered less whether a GE plant could

theoretically have occurred in nature; what mattered was that it had

not occurred in nature), and because at a political level, the impulses

underpinning the technology were seen as convergent (i.e., namely, to

restructure plants to comply with human and predominantly commer-

cial purposes). The difference between GM and GE was seen by some

groups to be merely semantic. As a participant in FGD6 stated: “It's
still genetic modification, of course. So, no matter how you do it.” Others

suggested that marketing reasons could be behind the attempt by cer-

tain actors to distinguish between them. The participants from the

technology-oriented FGD2 supported this viewpoint:

Willem: Well, I think, this feels like genetic

modification. But that's why I find

the discussion [on whether or not

gene editing is a GMO] a bit weird.

Lieke: Yes. No, just that … that gene-editing

is exactly the same as genetic modifi-

cation, is not it?

Willem: Yes.

Lieke: I think… You have given it another

name. But I do not yet see, within

this record, I do not yet see what the

difference is in terms of approach

and technology.

Mod: And how does everyone else feel

about that?

Merel: It's not clear to me either.

Mod: No? Not clear? Or do you yourself

have an idea of: well, actually I do

think it belongs somewhere. Or would

you say: well, I just would not know

where that …. (Merel shakes no)

Bart: I do not have that knowledge to say

“this is really totally different” and

“No, this is really genetic modifica-

tion.” No, I just do not have that

knowledge.

Merel: Maybe it's just marketing and it's just

genetic modification …. but it's called

differently. Yeah, and sounds nicer:

“Editing.”
Willem: And you do not have to go through

as many hoops to market it.

Merel: Yes, maybe.

The example cited of the first CRISPR-edited food to enter the

market—the γ-aminobutyric acid (GABA)-enriched tomato introduced

in Japan with (still largely unproven) claims of lowering blood pressure

and of increasing relaxation (Waltz, 2022)—did little to allay fears.

While many participants found the technology of CRISPR interesting

and even beautiful, they found the application of the GABA-enriched
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tomato less so, with one participant in FGD5 (public sector profes-

sionals) stating “I want a normal tomato without tranquillizers,” and

another from FGD6 (mistrusting institutions) who found the applica-

tion “super creepy”. The participants saw this example as responding

to a largely superficial need driven by commerce as a potential and

partial response to the stresses of Japanese working culture rather

than as a genuine attempt to solve a problem in the global food sys-

tem. Again, across all the focus groups was a general preoccupation

with motive: why was the technology being developed and for whom?

And, as discussed in FGD3 (outdoors and sustainable living), were

these reasons necessary and commensurate with the act of modifying

a plant and taking it away from its nature:

Renate: Yes. What does it [gene editing] do

to the tomato itself? You know, the

tomatoes, of course, no longer have

the vitamins and what should be in

them that they had so many years

ago. What happens to them? You

take out pieces of DNA, so then

you take out a piece of tomato. So,

what is that tomato? Yes, I do not

know how to say it. What is that

tomato? Is it just a tomato of, well,

it's a red ball and you can put it in

the salad, for example. Is that it or

does it also have something of nutri-

tional value, nutritional utility. That.

Mod: And that's important to you that,

yes, it remains a tomato and that?

Renate: Yes, I do not know if you get that

back at all, but. I think, do not you

destroy it more and more with that

[gene editing], with that?

Mod: Would you worry about that?

Renate: Well, certainly. Soon the tomato will

come out of a 3D printer.

Antje: I think so too.

Mod: Do you worry about that too?

Antje: Well, if you look at things like that,

yes. Because the more that is done

with it, the more natural characteris-

tics are lost, I think. And, yes, what is

in it naturally is why it is so good. To

eat.

4.4 | Citizen views on the regulation of GE of
plants

Through the discussion of three concept boards, we explored how

people responded to three scenarios for the future regulation of gene

edited plants in Europe: Concept Board 6 articulating arguments why

the GMO regulation should be revised (for reasons that included

those of boosting innovation, developing capacities to respond to

societal challenges, and of making the technology more accessible);

Concept Board 7 articulating arguments why the GMO regulation

should not be revised (for reasons that included those of safety, hype

and false promises, corporate control, and consumer choice); and Con-

cept Board 8 articulating arguments for a new level-based approach

to GMO regulation (where the kind of regulation and risk assessment

would depend on the level of genetic change introduced into the

plant, as well as on broader considerations of societal benefit, sustain-

ability, and ethics).

The participants expressed (pleasant) surprise that many of their

concerns had also been articulated by other organizations. Across the

focus group discussions, there was no appetite for relaxing the GMO

regulations for GE. By contrast, the arguments for retaining the regu-

lations, or for a level-based approach, commanded more support with

the participants for multiple reasons: that safety as a value was more

important than that of boosting innovation and competitiveness, that

while the technology might have a role in helping respond to societal

problems this could not be entrusted to corporations who would be

governed by self-interest and short-term commercial gain, and that

making the technology more accessible might increase the probabili-

ties of unforeseen and harmful consequences and for the technology

to get into the wrong hands. By contrast, most people saw the plausi-

bility of arguments for why the regulation should not be amended, as

can be seen in the extract of conversation in the succeeding texts by

the participants in FGD6 (mistrusting institutions):

Valerie: […] somehow, I feel very strongly

this is going to come anyway. It is

going to happen.

Amalia: You have no choice.

Theo: If you notice how much lobbying is

going on…

Valerie: No. So, we can say, no, we are

against it, but it's going to happen

anyway, so then it's much more of a

question of, how are we going to do

it? What do we want, how do we

want to do it?

Mod: And how would you like that?

Valerie: Well, with all that they say [points to

arguments on Concept Board 7], the

false promises, the safety, the power

of companies, the freedom of choice,

they actually have to be guaranteed

that we as citizens, as people on this

planet or in Europe, that they are

guaranteed for us. That it is safe for

plants and animals, that we get good

food, that there is no widening of

the gap between rich and poor, and

that we still know what kind of
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products we buy. And if you can

guarantee that, then you could do it.

Mod: But then you might also say, yes, in

order to guarantee this, you might

need regulation.

Valerie: Definitely.

This extract is revealing. Even though Valerie and Theo (and other

members of FGD6) did not approve of GE in plants; nevertheless, they

foresaw little opportunity for opposing the technology given the

power of lobbying and the strength of commercial interests. In such a

context, the only realistic means to govern the use of the technology

was regulation and to seek criteria for regulation that spoke to their

core concerns: that it would be safe, that corporations would be held

to account for false promises, that it would not exacerbate inequal-

ities, and that consumer choice would be retained. Indeed, for the par-

ticipants in FGD6, it was precisely because of the potential of GE to

contribute to solutions to societal problems that clear and robust reg-

ulation was necessary.

While the current approach and format of the GMO regulation

in Europe tended somewhat to be trusted by the participants as

having effectively modulated the introduction of genetically modified

crops, there was more circumspection invoked in relation to the

proposal for a new level-based approach, including the option for an

accelerated risk assessment procedure. While, in principle, there was

support for the proposition to develop regulation that would

consider societal considerations, there was concern that this could

generate greater potential for subjective judgement and for the

process to be captured by powerful, external interests. The need for

independent assessors was a theme articulated by participants in

FGD2 (technophiles):

Willem: And who assesses at what level

something falls under?

Mod: That is a good question.

Willem: Because of course it should not be

“the butcher is judging his own

meat.”
[…]

Willem: Yes, if these are your criteria for say-

ing “this and that we are going to

do,” then we must also be able to

establish these objectively.

Lieke: Yes, but that's the same thing: who

determines what is ethical? That

really needs to be established. As

well as what the social benefit is.

Willem: Yes, that should be further elabo-

rated. But I'm sure they will, I

suppose.

Lieke: But I really think that a genetic

change, that level 1, 2, 3, I think you

can… You just have to be able to

demonstrate that, right? Because if

it's all traceable, then you also have

to be able to show how many

changes you have tackled in that

DNA. So, I think that's the easy step.

I think it's more difficult to determine

what is or is not ethically justified

and socially useful. Because what I

find socially useful, you might find

something completely different.

5 | DISCUSSION

We finish the paper with a discussion of the findings and their wider

implications in four parts: how they respond to the research questions

articulated in the introduction, how they align with the amended NGT

proposal, the significance and wider validity of these findings for the

plant science community and for the governance of NGTs, and on

ways forward.

First, a remark on the method: traditional on the matter of context,

our decision to start the focus groups with a discussion on food, the

food system, and the role of technology therein was a choice based on

previous research on citizens views on GM foods (Grove-White

et al., 1997) and on wider scholarship on risk perceptions (Hansen

et al., 2003; Irwin, 2001). While other choices could have been made, it

was the centrality of food and its place in contemporary identity con-

struction that underpinned this decision (Warde, 2016). On choices

made in the progression of topics in the focus group, the design was

set up to answer the research questions, including that of whether

NGTs were perceived as substantially different from those modified by

the older GM techniques. Thus, while the presentation of the GM

debate (the 1990s controversy) and the GM example (Bt binjal) prior to

the discussion on NGTs unavoidably had a shaping effect, we were

careful to moderate these effects through mindful moderation (see suc-

ceeding texts). On the matter of sampling, while other selection choices

could have been made (e.g., people with community gardens, people

skeptical of technology, favoring meat, being nationalist, with different

religious beliefs, etc.), the criteria used reflected our choices on the

importance of food and technology in the construction of social iden-

tity (see earlier discussion), and in line with issues seen as important in

previous research on citizen perceptions, including those of trust and

agency (Grove-White et al., 1997; Marris et al., 2001).

5.1 | Responding to the research questions

RQ1: Do Dutch citizens view crops modified by gene editing tech-

niques (NGTs) as substantially different from those modified by

the older GM techniques?

Similar to a previous study commissioned by the Dutch Commis-

sion on GM COGEM (2019), we found that Dutch citizens make a
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clear distinction between plant varieties developed by traditional

breeding on the one hand, and genetic techniques, including classic

mutagenesis, GE, and GM, on the other hand. Citizens express a pref-

erence for traditional breeding. This finding stands in contrast to one

of the key narratives used by proponents for the exemption of NGT

crops from the GMO Directive. Proponents, as well as some scientific

bodies, emphasize that plants modified by GE technologies can be

biologically equivalent to plant varieties of traditional plant breeding

methods and (traditional) mutagenesis (EASAC, 2017; EFSA, 2020;

EFSA, 2022; EuropaBio, 2023; European Commission, 2017;

European Commission, 2021; Euroseeds, 2023). The argument for

equating gene edited crops with traditionally bred crops is that the

product (the crop) could be genetically similar, even though the process

is different. Citizens in our focus group discussions, however, argue

rather that the fact that certain mutations could have also happened

in traditional breeding, or in nature, is irrelevant, because they did not

develop through traditional breeding or evolve in nature. Instead, sci-

entists modified the genome in the laboratory according to their

expressed goals to introduce new traits. The process (and intention)

of GE is relevant for citizens in our study. We can conclude that citi-

zens see GE as (a form of) GM. However, for regulatory purposes, dif-

ferentiation in risk assessment among different forms of GM

techniques may be permissible under conditions, according to many

participants, although trusted experts would need to assess this.

RQ2: What are citizens' concerns and hopes for gene-edited

crops and food, and what factors underpin these?

Our study shows that Dutch citizens have reservations about

introducing NGTs in plant breeding practice in Europe for three rea-

sons. First, they have doubts about gene-edited crops delivering on

their promises. While citizens see the potential for these crops to

provide solutions for specific problems in agriculture, like infections

and plagues, they question the plausibility that societal interests

would prevail over commercial interests so long as decisions are left

primarily to the market. In addition, they see gene-edited plants as

unlikely to contribute meaningfully to solving current challenges such

as the nitrogen crisis, the climate crisis, or food security, because

these challenges are caused by multidimensional, complex, social fac-

tors. For citizens, it is the unjust food system that needs repairing,

rather than the introduction of a new technofix. However, they can

imagine that problems in other countries may call for a solution

using NTGs.

Second, citizens anticipate unforeseen and unintended conse-

quences to arise from the introduction of NGTs. Indeed, for our par-

ticipants, it was the technological intensification of agriculture that

had exacerbated many of our current societal problems—such as

nitrogen disposition, decreased biodiversity, impoverished soil, and cli-

mate change—making it unlikely that a new technological innovation

would not similarly be accompanied with unforeseen adverse effects

downstream, such as a further concentration of the power of large

companies in the food system, risks (and uncertainties) to human

health, and risks to the precarious balance in natural ecosystems

(including agricultural ecosystems). However, some citizens believed

that because society went down the road of technification, there may

not be another choice than using NGTs to solve the current problems

in agriculture.

Third, although some citizens were enthusiastic about the possi-

bilities raised by NGTs, many citizens viewed NGTs as in tension with

core underlying cultural values. Central to these is the value of natu-

ralness, predicated in citizens desire for fresh, wholesome, and mini-

mally processed foods, where gene-edited foods were seen as a move

away from their nature or purpose. Research indicates that for citizens

from the Global North (and very possibly beyond), the process by

which a product is made holds more importance than its content

when assessing its naturalness (Scott et al., 2018) and that there is a

strong preference for natural and organic foods in high-income coun-

tries (Roman et al., 2017; Rozin et al., 2004, 2012). It is not a coinci-

dence that proponents of NGTs advertise NGTs as similar to

traditional breeding and emphasize that humans have been breeding

plants for more than thousands of years.

“Tinkering” in the genetic material of plants is seen as a move

towards the making of plants as instrumental objects, modified for

human convenience and for commercial purposes. Moving away from

nature was thus seen as bringing nature (plants) ever more into the

sphere of human control for purposes of efficiency. Citizens

expressed similar sentiments in focus groups in France, Germany,

Italy, and Spain around the end of the last century (Marris

et al., 2001). The value of justice also underpinned the formation of

citizen attitudes: the unjust distribution of food globally, the unjust

or unequal access to healthy food nationally, and the unjust distribu-

tion of economic benefits in the food system. Across a few of our

focus group discussions, citizens came to the view that if market

authorization of gene-edited crops was facilitated by changing the

regulatory framework, this will lead to growing inequality in the food

system.

Before moving to our next research question, we briefly address

differences and similarities of current views and perspectives found in

this study and the views of Dutch, and other European citizens, on

the GM of crops in the late 1990s and early 2000s. Although our

study is not comparative, we identified certain similarities between

our findings and those of the broad public discussion in the

Netherlands in 2001 (Temporary Committee on Biotechnology and

Food, 2002). Both then and now, citizens were ambivalent about the

technology and objections were rooted chiefly in concerns regarding

the (known and unknown) impacts of GM crop use (safety, social, and

political), while only a minority objected on intrinsic grounds, seeing

GM, for example, as an infringement on species integrity. Citizens

expressed concerns over the necessity, usefulness, and purpose of

genetically modified (GM) and/or NGT crops; they inquired about

alternative solutions to societal challenges; and they believed strict

regulation is necessary because of questions of safety. Such worries

were also observed in other studies in Europe around that time

(European Commission, 2000, 2002, 2005, 2010; Grove-White

et al., 1997; Marris, 2001). Concerning differences, arguably one could

say that citizens now have greater concerns about the systemic
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impacts of global agriculture on the environment, and that they dem-

onstrate a more mature understanding of the entanglement of tech-

nologies with politics and the food system.

RQ3: What governance does the public see fit for gene-edited

crops?

The citizens in our focus groups differed to some extent in their

views on GM and GE, but when it came to regulation, they all

opposed an exemption of GE plants from the GMO regulation. Other

studies find similar results (COGEM, 2019; Hanssen, 2022; Nair

et al., 2023). Following deliberation, citizens arrived at the view that

Europe broadly has got it right with strict regulations in place for agri-

cultural GM technology, and that Europe should exercise similar pre-

caution with NGTs. Regulation is necessary for citizens for three

reasons. First, citizens are concerned about risks and want these to be

assessed before GE crops come on the market. Second, they believe

freedom of choice is an important democratic right and value which

requires GE products to be labeled. Third, they advocate regulation

because they do not want GE crops to be developed purely for com-

mercial motives driven by the logic of the market. They do not trust

that companies, in a deregulated environment, would be motivated to

develop socially useful products. Regulation is necessary to shape

conditions for public interest market authorization and to mitigate

growing inequalities and power concentrations in the food system.

When presented with a concise version of the Norwegian level-

based model of regulation (see Methods S2, Concept Board 8), citi-

zens expressed positive views on the principle of adding broader

socio-economic and ethical aspects in an assessment for market

authorization for GE crops. Nevertheless, they still expressed doubts

about the practicality and feasibility of such a proposal. Who would

decide on what is sustainability? Who would judge what is ethical?

And how would ratings be compared?

5.2 | Alignment with current NGT proposal of the
European Commission

In light of our findings, to what extent does the current NGT proposal

align with what Dutch citizens view as good governance for NGT

crops? Citizens in our study were unanimous in their views that the

risks of NGT crops needed to be assessed on a case-by-case basis,

although they were open to a differentiated risk assessment regime.

These results are supported by several other studies (COGEM, 2019;

Hanssen, 2022; Nair et al., 2023). The current NGT proposal does not

align with these views as no risk assessment will be required for Cate-

gory 1 NGT crops.

The European Parliament adopted two amendments to the regu-

lation which align with the perspective of Dutch citizens. First, patents

on NGT products are to be banned; both citizens and MEPs foresee

that allowing multinational seed companies to patent NGTs and their

products would risk giving these companies even more power over

farmers' access to seeds (European Parliament, 2024). Prohibiting

patents is viewed as a mechanism that can help prevent increasing

inequality in the food system. Second, all NGT crops are to require

labeling to provide freedom of choice for citizens. Various studies in

addition to ours show that Dutch citizens attach value to freedom of

choice to (not) consume these products (COGEM, 2019;

Hanssen, 2022; Nair et al., 2023).

In addition, our findings demonstrate that Dutch citizens view

regulation as a device that can help ensure that companies develop

socially beneficial crops based on genuine need rather than commer-

cially beneficial crops often based on superficial consumer desire. The

European Commission considered the option of sustainability require-

ments for market authorization of GE plants (European

Commission, 2023a) and rejected this as it was seen as likely to create

regulatory burdens and uncertainty which could subsequently disin-

centivize development and authorization of GE plants in the EU,

including the development of plants that may contribute to a sustain-

able agri-food system.5

5.3 | What is the significance and wider validity of
these findings for the plant science community and for
governance of NGTs?

Plant scientists have difficulties imagining valid reasons to be against

the introduction of NGT plants in agriculture (So et al., 2024),6

grounding the expectation of benefits of NGT plants on the acceler-

ated speed of inducing GMs in the lab to change plant traits.7 In gen-

eral, natural scientists firmly believe in the efficacy of technological

solutions and in science and technology as the primary source of

knowledge for the improvement of well-being. Those involved in

developing NGTs also tend to be idealistic, viewing their work as pro-

viding solutions to societal challenges and contributing towards a bet-

ter world (So et al., 2024), potentially leading to cognitive dissonance

between the potential of NGTs to generate genuine societal benefit

and the likelihood of applications shaped in the real world by the logics

of global commerce. They imagine as real benefits (and scientific fact)

the imaginable benefits (Welsh & Wynne, 2013). In contrast, citizens

seem to assess the new technology not by its potential power to

improve well-being but instead on the circumstances seen as likely

to determine how the technology emerges, the interests shaping its

use, and alternative approaches and opportunity costs . They consider

justice and fairness in the food system to be important guiding criteria

for moving forward with technologies as solutions and demonstrate

an awareness of the entanglement of technologies with politics and

5Although the current proposal includes measures to incentivize plant products that could

contribute to a sustainable agri-food system, the list of traits justifying these incentives is so

inclusive as to ensure that most NGT crops currently in development would satisfy this

criterion and enter the market.
6From personal experience from participating in many stakeholder workshops.
7When confronted with evidence from GM crops, demonstrating that conclusions about

sustainability of GM crops are hard to make, because it depends on the specific crop, the

plant trait, time, and place, and with the fact that so far, GM crops have failed to deliver on

their great promises, scientists usually attribute this failing to external factors that impeded

the development of such GM crops. Mostly, the strict European legislation is seen as a cause.
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the food system. Arguably, citizens are more accomplished sociolo-

gists than plant scientists.8

Although scientists have explained the difference between their

own views and those of citizens as a clash among objective, expert

knowledge, and a subjective misrepresentation of scientific

knowledge, our study confirms that this viewpoint is an inaccurate

perception of public views (European Commission, 2007; Marris,

2001; Welsh & Wynne, 2013; Wynne, 2011). Public interactions with

dominant scientific agendas have inevitably included responses to

underlying, implicit normative commitments that are often dismissed

by scientific and policy authorities (Peters, 2000; Welsh &

Wynne, 2013). Food consumption is deeply intertwined with social,

cultural, and organizational practices. How individuals negotiate con-

cerns about risks, environmental issues, and nutrition are intercon-

nected in everyday life, and based on experience and social networks

(Grove-White et al., 1997; Halkier, 1999; Hansen et al., 2003; Holm &

Kildevang, 1996). Our findings confirm that concerns about food are,

in part, concerns about wider social and cultural trends seen as

increasingly prominent and problematic in late modernity. These

include concerns about our (over)optimization of models of efficiency

and productivity (Hansen, 2003; Holm & Kildevang, 1996), of

attempting to solve societal problems with science and technology,

of striving to make life even-more perfect, and of making the world

more and more plastic (and less natural). All these concerns are more-

over fueled by cynicism towards multinational companies and their

shareholders, and skepticism about governmental authorities' capacity

or willingness to design and implement adequate regulation to pre-

vent commercial goals from driving biotechnology's development.

Our research is part of a broader corpus that suggests there is lit-

tle evidence of a knowledge deficit nor of a decline in citizen's trust in

science (Rathenau Instituut, 2024) but points rather to an ongoing

miscommunication and/or misunderstanding between the community

of plant scientists and citizens (and also NGOs and social scientists).

Such a misunderstanding is based on, among others, differences in

what counts as legitimate knowledge (and values) to take into

account when evaluating technological solutions to current predica-

ments and its governance (Chesters & Welsh, 2006; Latour, 2004;

Wynne, 2006), different interpretations of concepts like sustainability,

and diverging values feeding into perceptions of what constitutes a

benefit. For example, not many citizens participating in our focus

groups considered the value of efficiency and/or optimization of pro-

ductivity as a core value that should drive technological innovation.

5.4 | A way forward

We conclude with suggestions aimed at aligning policy on NGTs in

plants with public sentiment. Our proposal requires three constituent

elements: structured public dialog aimed at generating public views in

an endogenous bottom-up manner aided by social science-informed

interpretation, collaboration between plant scientists and social scien-

tists aimed at generating reflexive interdisciplinary communities, and

collaboration between social scientists and policymakers aimed at

developing policy responses that are responsive to the quality and

nature of public attitudes. To be responsive to such an initiative would

require two additional responsibilities to be put into practice: an

openness to socio-economic considerations in driving forward agricul-

tural systems towards the agriculture we collectively desire, and rec-

ognition of the contested and situated epistemic construction of

concepts, such as those of benefit and sustainability, that are implicit

in expert and citizen formulations.

Does this point to an entirely different avenue for governance?

We believe it points to a desire for regulatory reform that includes

assessment of broader societal considerations which depend both on

the product and/or the process. Citizens, like policymakers, emphasize

the difficulty of such regulation as they assume that socio-economic

considerations are based on opinions and values, are therefore

subjective and thus non-scientific, compared to “science-based” risk

assessments, as well as being open to capture by powerful, external

interests. This assumption has been challenged by pointing out that

this traditional distinction is ideologically rooted in neoliberal

thinking—which prescribes the conditions under which circumvention

of the market is deemed legitimate (Beumer, 2019; Kinchy

et al., 2008; Kleinman & Kinchy, 2007). Beumer views regulatory

objectivity instead as a product of established methods and consensus

developed over time—rather than an inherent trait of the regulated

matter (Beumer, 2019). Longstanding scientific practices and methods,

such as testing risks through precise experiments, have enabled objec-

tive forms of decision-making (Beumer, 2017; Boholm, 2015; De Vries

et al., 2011). Because socio-economic considerations lack such estab-

lished methods, this does not point to an inability for objective

decision-making about these issues; it merely means they have not

evolved yet. Beumer demonstrates this using Kenya and South Africa

as examples of states where regulation of socio-economic issues in

biotechnology have evolved towards a more objective, socially robust

form of decision-making (Beumer, 2019). The practice in these

countries could be an example for European policymakers.
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