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Abstract: Biotechnology is diversifying rapidly through the development and application of
new approaches to genome editing and ongoing research into synthetic biology. Proponents of
biotechnology are enthusiastic about these new developments and have recently begun calling for
environmental movements to abandon their campaigns against Genetically Modified Organisms
(GMOs) and for organic agriculture to reconsider its exclusion of Genetic Modification (GM). In this
article, we begin by describing the diversity of practices that cluster under both the terms GM and
organic and show that although there is a clash of different cultures of agriculture at stake, there is
also a spectrum of practices existing between these two poles. Having established the terms of the
debate, we then go on to analyse whether the organic movement should reconsider its position on
GM in light of new plant breeding techniques (NPBTs), using the criteria highlighted as important
by the International Federation of Organic Agriculture Movements (IFOAM) in their 2016 draft
revised position on GMOs. Through this analysis, we suggest that given the in-context-trajectory of
biotechnology development, the continued narrow framing of agricultural problems and the ongoing
exclusion of important socio-economic, political and cultural dimensions, the organic movement is
justified in maintaining its opposition to GM in the face of NPBTs.

Keywords: GM; GMO; agricultural biotechnology; organic; agroecology; sustainability; agri-food
systems; new plant breeding techniques (NPBTs)

History, culture and community values are embedded in agriculture [1]

1. Introduction

According to the International Federation of Organic Agriculture Movements (IFOAM),
the intentional use of Genetic Modification (GM) is, in principle, excluded from organic systems [2].
While recognising the need to handle the potential presence of GM materials in organic products
by unintentional contamination, and permitting the unique exception of GM vaccines in organic
livestock production when welfare concerns are significant and no other alternatives are available,
IFOAM affirms that Genetically Modified Organisms (GMOs) and their derivatives currently have
no place within organic systems [3]. This continues the line of thinking established by the very early
pioneers of the organic movement, like Albert Howard, in which all artificial forms of breeding and
insemination were not supported as necessary or desirable [4]. Despite a lack of interest, need or
demand by the organic movement for GM technologies, this special issue questions this exclusion
and asks whether there might be a role for GM within the organic movement, especially in light of
the emergence of new plant breeding techniques, commonly referred as NPBTs or NBT. This question
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arguably becomes especially pertinent when we consider a future beyond the existing technologies of
transgenic herbicide-tolerant and pesticide-producing plants, which clearly fail to advance an organic
agenda, to one in which there is the potential to employ a range of new techniques to work within
species genomes to satisfy a shared commitment to sustainability [5].

IFOAM Europe recently released a public position statement calling for these NPBTs to be
recognised as GM and regulated as such [6]. Since the European organic regulation does not allow the
use of GMOs [7], the organisation therefore deems these new techniques and any organisms generated
through their use as incompatible with the principles of organic agriculture. The aim of this paper
is to explore the opposition that the organic movement has shown to GM, extract and articulate its
basis, and then assess it in light of NPBTs. By examining the 2016 draft IFOAM Position Statement
on Genetic Engineering and Genetically Modified Organisms [3] (revising the 2002 position [2] and
still open for public consultation at the time of writing) and the published position of IFOAM Europe
on New Plant Breeding Techniques from 2015 [6], we will demonstrate how given the conditions that
need to be met for GM to align with organic standards and ideals, the movement’s aversion towards
GM still holds in the face of NPBTs.

The article is divided into four sections. In the first two sections, we describe the diverse sets of
meanings and practices that cluster around the concepts of organic and GM, respectively. In these
sections we seek to clarify what is meant by the terms organic and GM, show the diverse interpretations
that can be applied to these terms, and highlight how we will be using them in this paper. In the
section that follows, we then articulate the argument that there is a clash of cultures of agriculture
(agri/cultures) involved when GM and organic proponents advocate their positions (including a
divergence in scientific paradigms, philosophical worldviews, social values, and political orientations).
At the same time, we suggest that there is a field of grey in between the extreme poles on either side of
this clash. Finally, we use the remaining sections of the paper to analyse how IFOAM articulates its
opposition to GM and consider how they relate to NPBTs and whether NPBTs are likely to be given a
place in the organic farming of the future.

2. Results

2.1. Defining What Is Organic

As a term, organic agriculture encompasses a diversity of actors and agricultural practices that
extend beyond those involved in certified organic production. According to a consensus definition
articulated on the website of the umbrella organisation International Federation of Organic Agriculture
Movements (IFOAM) [8], organic agriculture is:

“[ . . . ] a production system that sustains the health of soils, ecosystems and people. It relies
on ecological processes, biodiversity and cycles adapted to local conditions, rather than
the use of inputs with adverse effects. Organic agriculture combines tradition, innovation
and science to benefit the shared environment and promote fair relationships and a good
quality of life for all involved.”

As indicated by this definition, organic agriculture combines modern scientific knowledge with
traditional farming practices. It aims to advance a sustainable production system adapted to local
conditions based on promoting and utilising biodiversity and enhancing soil fertility. It does this,
for example through crop rotation and nutrient recycling using farm-derived, renewable and local
resources rather than relying on external inputs such as synthetic pesticides and fertilisers, hormones
and antibiotics.

The concept of organic farming practices started being articulated in the early 1900s in response
to a degradation of soils and loss of fertility [9,10] but did not really become popularised until
the 1970s [11–13]. At this time, the term began to be used to specifically refer to a range of
agronomic and marketing practices that developed in opposition to the spread of an industrial model
of agriculture based on an intensive use of external chemical inputs; a model that was amplified
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during the Green Revolution and viewed as having extensive unacceptable social and environmental
consequences [14]. The vision of organic agriculture was soon (perhaps poorly) translated into
normative certification criteria that merely prohibited certain synthetic inputs. This allowed for global
standardisation but reduced the visions and values of the organic model, losing part of its initial
diversity [15]. This impoverished understanding or interpretation has led to the development of a
“conventionalization” of organic agriculture [16], in which many certified organic farming operations
have simply substituted the unacceptable synthetic inputs for permitted organic ones yet still operate
within large-scale global market-oriented systems under an agri-business model.

In recent years though, there has been a significant push to try and reconceptualise and reestablish
the meaning of organic agriculture in a broader sense than simply agricultural production without
external chemical inputs. This includes a better integration of the initial holistic vision with social and
political values. The (re)integration of non-agronomic aspects into the definition and understanding
of organic agriculture has been deemed extremely important to respond to the trends towards
industrialisation, commodification, corporatisation and specialisation. These trends characterise
the corporate industrial food regime and force food producers (and consumers) into global markets at
the expense of more localised food networks, cultures and rural livelihoods [17].

In this current effort to (re)define the meaning of organic agriculture, there is strong shift towards
embracing the principles of agroecology. Although it is also not free from ambiguities and can have
different meanings depending on the context, the term agroecology refers to a vision of the agri-food
system and a set of practices encompassing a scientific approach, a bottom up movement, and an aim
of transforming the industrial food system in order to achieve food sovereignty [18,19]. Agroecology
is defined as a way of life based on ecological and social justice principles, and includes a defense of
the collective rights to food and access to the commons (e.g., seeds, water, land, genetic resources).
It also involves a recognition of an interconnected relationship between humans and the rest of nature,
thus revaluing traditional, indigenous and peasant knowledge (as well as cosmovisions), and has an
interest in the prioritisation of local food webs based on new social relations over globalised markets.

As this discussion highlights, organic agriculture has many faces. For some people it appears
as the practices of traditional farming prior to industrialisation, including those of poor subsistence
farmers today [20]. For others, it involves large-scale market oriented initiatives operated by certified
practitioners [21]. For others still, it involves an agroecological movement drawing on both traditional
practices and modern science to pursue not only an alternative agronomic but also a socio-political
agenda for agri-food systems [22–24]. In this article, we see it as crucial that the definition of organic
farming is neither limited to the traditional practices of poor farmers nor narrowed to only the
non-chemical input approach of certification norms, but is recognised as a wide spectrum of practices
and ideas. In our use of the umbrella term, organic agriculture entails a transformative vision, a vision
that acknowledges and approaches agriculture as an interconnected socio-ecological system.

2.2. Defining What Is GM

The term organic agriculture contains a spectrum of different meanings and practices and this is
also the case with GM. GM is usually used as an acronym for Genetic Modification, although it can also
be taken to stand for Genetic Manipulation, as used in this special issue. GM can also be referred to as
GE, Genetic Engineering, although language is significant here and the use of the term engineering
can be critiqued for implying an inaccurate and misleading level of precision and control. Both GM
and GE are, however, terms used to refer to techniques within the field of “modern biotechnology”.
The International Cartagena Protocol on Biosafety [25] defines modern biotechnology as:

(1) In vitro nucleic acid techniques, including recombinant deoxyribonucleic acid (DNA) and direct
injection of nucleic acid into cells or organelles, or

(2) Fusion of cells beyond the taxonomic family, that overcome natural physiological reproductive or
recombination barriers and that are not techniques used in traditional breeding and selection.
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The majority of GM crops in commercial use today are transgenic organisms created through the
use of recombinant DNA (rDNA) technology. In this process, DNA from different species (indeed often
different kingdoms) is manipulated and merged into a multi-component genetic cassette (typically
including viral promoter and bacterial terminator sequences) that is then randomly inserted into the
target organism’s genome. This is done using either particle bombardment delivered through a gene
gun or with the help of the bacterium Agrobacterium tumefaciens, a plant pathogen naturally able to
transfer DNA into plant cells.

In contrast with the long history of promises regarding the potential of GM crops to overcome a
multiplicity of agrarian and social problems, actually only two main types of GM crops developed
using this technology dominate today’s commercial market—those that are herbicide-tolerant and
those that are pesticide-producing. In fact, herbicide-tolerant crops, in which the crop has been
genetically modified in order to be able to survive the application of a deadly herbicide, constitute
about 53% of GM agricultural applications, while 14% have been modified to produce a pesticide, and
33% now include both types of traits stacked together [26]. Although the use of rDNA technology to
create transgenic crops expressing these traits has dominated to date, this has the potential to change
rapidly as new techniques for genetic manipulation continue to emerge.

A range of new plant breeding techniques (NPBTs) are now available (see Figure 1), especially for
what is being referred to as “genome editing”. This includes the use of site directed nucleases (SDN)
and oligonucleotide directed mutagenesis (ODM) [27,28]. Both of these types of techniques for genome
editing create breaks in DNA and then employ the natural repair mechanisms of cells to integrate
desired changes. SDNs use agrobacterium, particle bombardment, or agroinfiltration methods to insert
enzyme complexes (such as zinc finger nucleases, TALENs, and the CRISPR-Cas system) into cells to
target chosen sequences of DNA and make single or double stranded breaks, which when repaired
by the cell can lead to the deletion, substitution or insertion of desired genetic sequences. ODM
techniques in contrast, deliver oligonucleotides into cells (typically either by particle bombardment
or electroporation) in which the introduced DNA is the same as the target organism’s, except for a
particular insertion, deletion or mismatch. The oligonucleotide then attaches to the targeted DNA
sequence and triggers the repair mechanism of the cell to use the oligo insert as the correct template to
rewrite the native genome.
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Both of these new techniques enable more directed and targeted alterations in the genome than has
previously been possible with rDNA technology. However, unintended off-target effects resulting from
the technology still require thorough investigation. This is necessary because despite the widespread
assumption (and regular declaration) that these novel techniques are precise, little research has been
done on their effects across the entire genome and the limited available information to date has already
indicated the potential for off-target changes [29]. While some will dismiss the significance of such
changes by highlighting that genetic mutations can also arise naturally, this does not mean that any
potential off target effects from the use of genome editing techniques will necessarily be harmless.
Experience teaches us that even small genetic changes can have large consequences. Our knowledge
of how the genome functions is continually evolving and our experience with these new tools is
simply too limited at this point to declare that potential off-target effects will not happen or will be
irrelevant if they do. Unintended changes brought about by the use of these new techniques needs to be
studied scientifically rather than simply assumed not to occur or to be harmless because mutation is a
natural phenomenon. Context matters and it is, therefore, important to examine the significance of any
off-target effects on a case by case basis. It is also crucial that researchers sequence the entire genome
and perform omic forms of analysis (e.g., proteomics and transcriptomics) if we are to truly understand
the operation and impact of these novel technologies in detail. Furthermore, to understand what
impact the induced changes may have on the organisms involved or what risks such organisms may
pose, we would also ideally study them over generations and across different environmental contexts.

Other relevant new techniques emerging within biotechnology that are worth noting here include
the development of gene drives (approaches facilitating a biased inheritance of particular genes) [30,31]
and epigenetic manipulation, in which gene regulation is altered through DNA methylation, or RNA
interference where gene expression is silenced by destroying messenger RNA molecules [32–34].
Beyond the application of these new techniques in plant breeding, these tools are also now being used
to manipulate other organisms in agricultural systems. For example, to modify agricultural insects and
pests, particularly for the trait of sterility as an approach to population control [35]. While this approach
is particularly being explored to control populations of wild organisms linked to human disease (e.g.,
mosquitos implicated in the spread of malaria), there is also research being conducted into their use to
remove problematic pests or weeds in agricultural areas and particularly in combination with gene
drives, which allow certain genes to be positively biased in sexually reproducing organisms so that
they become dominant and spread to all members of a population [36]. There is also a significant level
of investment into the development of synthetic biology [37], although commercial applications of this
within agriculture may be further into the future than the other NPBTs described.

The emerging range of NPBTs provide enhanced scope for not only transgenic recombination of
genetic code but also for cisgenic modification [38]. While transgenesis involves combining genetic
sequences across different species (or kingdom) boundaries, cisgenic changes involve the use of genetic
information from either the organism itself or from a sexually compatible donor. Cisgenic changes can
also be brought about through conventional breeding, although the use of NPBTs is said to increase
the speed and accuracy at which they can be produced and are more appealing for these reasons [38].
While the ability of NPBTs to make small or cisgenic changes is often emphasised in arguments for why
these technologies should promote a reconsideration of the acceptability and regulatory requirements
for GMOs, it is also important to note that the technology itself is not restricted to making these types
of modifications and can also be employed to make large and transgenic types of changes within an
organism’s genome.

The rapid development and application of this range of new techniques for genetic manipulation
in recent years has posed significant challenges for existing definitions of both biotechnology and
genetically modified organisms in legal and regulatory contexts. This is because such definitions
have often specifically referred to the use of particular technologies as the defining characteristic (as
illustrated above) and/or because organisms manipulated using these techniques may contain no
foreign DNA at the end of the process. Countries around the world are therefore now grappling with
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questions of how to understand the nature of these new techniques, as well as the ontological and legal
status of the organisms generated through their use, and the extent to which research and development
in these areas is covered by or exempt from existing regulatory systems [39,40].

Given the explosive development of new GM approaches, possible applications and organisms
in recent years, as well as the uncertainty surrounding their identity and status within existing
classifications and regulatory systems, this special issue has raised the question of how they will be
related to by the organic movement. Is there potential for the antagonistic relationship that currently
exists between organic and GM forms of agriculture to change with the emergence of this wider
spectrum of possibilities within the GM sphere?

2.3. GM Use in Organics? The Framing Issue

Most claims for the integration, uptake and acceptance of GM into organic agriculture are based
on the assumptions that: (1) organic farming has unacceptably low yields; (2) that these techniques
can improve the yields of organic farming; (3) these techniques are the best way to improve yields
and; and (4) yields are the main aspect of interest [21,41–43]. These assumptions ignore the range
of scientific evidence challenging the claims related to organic vs. conventional yields [44–46] and
directly collide with the multidimensional values that shape and define organic farming [47,48].
In doing so, they crystallise an expression of the clash between the agroindustrial (including both GM
and chemically-intensive farming) and agroecological cultures of agriculture [49–51]. This clash
involves antagonistic worldviews, including different sets of beliefs, values, visions and norms
shaping social and political action, and in this case, also agricultural practices [51,52]. These different
worldviews also draw on different scientific paradigms [53], creating fundamental differences in the
way problems are framed and understood, how knowledge is approached and generated, as well as
the way solutions are imagined and enacted.

These fundamental differences become clear in disagreements about the compatibility of GM
and organic farming, with proponents of different sides of the argument seeing and interpreting
reality through different lenses, which affects the type of questions asked, the structure and nature of
these questions, the types of solutions proposed, and ultimately, the position adopted on the issue.
Amman [21], for instance, praises productivism and claims that GM could enhance organic farming
yields. He strongly argues in favour of monocultures as the core agrarian practice in his “integrative”
proposal and considers biodiversity as an aspect that has to be protected outside production fields.
At the same time, his vision of agriculture is remarkably restricted to technical and managerial aspects,
limiting the consideration of the wide spectrum of organic farming to only market-oriented large-scale
certified production practices, with monocultures engaged in production for global markets being
presented as the only viable way forward.

Contrastingly, organic farming proponents do not necessarily regard yield as the most
fundamental aspect of farming that has to be maximised. Rather, they emphasise the importance of
multifactorial social and ecological values, including supporting biodiversity, reducing energy use,
boosting soil fertility, improving water quality, encouraging equality, enhancing autonomy, reducing
worker exposure to pesticides etc. [47,48,54]. Indeed, in the productivist worldview, insect pests
and weeds may be seen as key problems that have to be addressed to deliver higher yields and so
solutions to reduce these are pursued through technological means—e.g., chemical sprays or GM
plants. However, according to an agroecological worldview, large-scale monocultural cropping may
be seen as the underlying problem that leads to out of control insect infestations and weed problems
and intercropping, crop rotation, encouraging natural predators and some degree of acceptance may
be pursued as the most appropriate solutions. According to this perspective, GM crops appear, at
most, as a temporary fix that does not address the underlying cause of the problem and instead creates
new problems of evolved resistances to the technological solutions and increasing dependencies on
external inputs, actors, and knowledge [55,56].
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The different worldviews of the agroindustrial and the agroecological models do not only seek to
maximise different values and have divergent approaches to how problems are framed and solutions
pursued, they also vary in their views on human-nature relations, the role of different types of
knowledge in the agri-food system and the appropriate regimes of ownership and control. For example,
within the agroecological model, open access to plant genetic resources is seen as a fundamental right,
while GM models of agriculture have favoured private property regimes and aggressively pursued
intellectual property rights in the form of monopoly patent protection of not only modification
techniques, but also genes and organisms, which has allowed for extensive concentration in the GM
seed market. This latter approach is in fundamental conflict with an agroecological worldview in
which human beings are not seen as inventors of living organisms and systems but rather as caretakers,
co-creators or custodians. From this perspective, it is key to recognise farmer’s rights and the role of
local and indigenous communities in the conservation and development of plant genetic resources,
which constitute the basis of food and agricultural production.

Intellectual property regimes play a key role in turning GM processes and products into
“commodities” that can be freely traded in a globalised and liberalised market [56,57]. Indeed the
role that the market, free trade, and the economic growth agenda can play in the creation of social
wealth and well being and the alleviation of poverty and hunger is central in the clash between the
agroindustrial and the agroecological visions of the future of agri-food systems. While facilitating free
trade in globalised markets aimed at maximising economic growth is a primary means for improving
rural livelihoods for the proponents of industrial agriculture—that should perhaps be better tuned
to integrate environmental goals—they are the drivers of inequality, ecological destruction and the
deterioration of food sovereignty from the perspective of organic proponents.

What this framing discussion demonstrates is not simply that one of these models is scientific
while the other merely ideological, as sometimes claimed by GM proponents [21,58]. Both approaches
emphasise the importance of science, although they emphasise different fields as most relevant and
useful, e.g., differentially weighing the potential contribution of molecular biology and genetics vs.
ecology and the social sciences [59]. They also both express ideological commitments, although
they differ in exactly which socio-political values are propounded as being of central importance,
diverging across classic dualisms such as individualism/collectivism, technocracy/democracy, and
productivism/environmentalism. Both worldviews therefore contain their own ideologies and
science, with the agroindustrial model advocating a technoscientific intensification of agriculture
while the agroecological model offers a transformational vision based on relational natural and social
sciences and a different set of values than those currently predominating and prioritised in western
industrialised nations.

The idea that GM and organic agricultures stem from different worldviews, ideologies, values
and paradigms is not new. However, as several agri-food scholars have pointed out, in reality, these
two worldviews operate as poles characterising the ends of a spectrum and there is significant scope
for shades of grey in between [16,60,61]. This refers, especially, to the aforementioned processes of the
conventionalization of organic agriculture in which certain norms of the organic vision are adhered to
(e.g., no synthetic chemical inputs) concomitantly with operation under a largely industrial model (e.g.,
large-scale monocultural production for global markets). At the same time, there is an increasing level
of emphasis being placed within conventional industrial farming, including GM, on the importance of
organic values such as environmental sustainability, with emphasis now often placed on how GM can
advance a sustainability agenda (e.g., in reducing chemical use or advancing no till farming).

To analyse the position of organic agriculture on GM and consider what potential there is for
the new wave of NPBTs to be taken up by the organic movement, we will now analyse the 2016
revised draft position statement of IFOAM on GMOs [3] and the published position of IFOAM Europe
on NPBTs [6]. In the following section we will describe the different arguments presented in these
position statements and analyse the range of significant conditions that would need to be met if new
GM technologies are to be given any place within organic agriculture.
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2.4. The IFOAM Position Statements on GMOs

In the draft revised IFOAM position statement on GMOs (developed as a consensus document
through a participatory process engaging all organisations under the IFOAM umbrella and released
for public consultation in March 2016), GE is defined in a broad way to include NPBTs and synthetic
biology. In the first point following their definition of terms and outline of the scope of interest, the
document emphasises that the current status is that the intended use of GMOs is excluded from organic
systems, except for the unique exception of the use of GM vaccines in livestock when animal welfare
is significantly threatened and other alternatives are not available. After these opening statements,
the position paper is organised around the following subsections: GE must be developed and used
responsibly; Deployment of GE must be based on clear evidence of its benefits; Ensure the common
good: reform public policy and laws regarding genetic engineering the release and market presence
of GMOs, and; Coordinate actions in the market. Our analysis presented below will follow the same
structure (for a summary of the arguments see Figure 2).
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As these organising criteria indicate, the IFOAM is not simply interested in the traits of particular
GM plants and whether they may align with the oft perceived key feature of organic agriculture
as a reduced use of synthetic inputs. Rather, IFOAM advances a much broader picture of what
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organic agriculture is committed to, which includes not only health and environmental goals but also
particular social and political ideals—an alternative culture of agriculture. Adopting this position
means that NPBTs would need to satisfy a range of diverse criteria to be acceptable and not simply
reduce the use of toxic inputs in agricultural systems. This means that a GM plant that may reduce
pesticide use would not necessarily be acceptable within the organic movement if, for example,
the intellectual property rights applied to it failed to ensure the common good, if it wasn’t developed
through transparent participatory dialogue with stakeholders, or if there was no evidence for its
claimed benefits being sustainable over the long term. The position against GMOs articulated by the
organic movement represents a systems-based critique of industrial models of agricultural research,
development, production and consumption, which is not necessarily overcome by changing one
component of that system (e.g., creating a different type of GM crop). The broad range of demands
NPBTs would have to meet to be acceptable within the organic movement and the nature of their
systems view and critique will become clearer as we articulate, unpack and analyse the different points
of their position statements on GMOs below.

2.4.1. Develop and Use GMOs Responsibly

Under the first point that GM must be developed and used responsibly, IFOAM [3] refers to the
principles of organic agriculture as a basis for its position. These are ethical norms meant to inspire
action and include the principles of care, ecology, health and fairness. The principle of health proposes
that “organic agriculture should sustain and enhance the health of soil, plant, animal and planet
as one and indivisible”. Here health is defined as more than just the absence of illness to include
the maintenance of social and ecological wellbeing, as well as characteristics of regeneration and
resilience. The principle of ecology refers to the way in which “organic agriculture should be based on
living ecological systems and cycles, work with them, emulate them and help sustain them”. Here
emphasis is placed on having production based on ecological processes in a way that is adapted to
local conditions and cultures and in which inputs are reduced by reuse and recycling. Farming design
is also required to work towards not just protecting but actively benefiting the environment (including
climate, biodiversity, air and water quality). The principle of fairness refers to the way in which
“organic agriculture should build on relationships that ensure fairness with regard to the common
environment and life opportunities”. Fairness here is characterised by equity, respect, justice and
stewardship among people and in relation to other living beings. It also emphasises that environmental
resources should be managed in a way that is socially and ecologically just and held in trust for future
generations. The principle of care is described as the way in which “organic agriculture should be
managed in a precautionary and responsible manner to protect the health and well-being of current
and future generations and the environment”. Here emphasis is placed on the way in which organic
agriculture practitioners should carefully balance any enhancement of efficiency and productivity
with potential impacts on health and well-being, with particular attention needing to be paid to
exercising care in the long-term in the face of uncertainty. Suggesting that responsibility is key for
technology choice in organic agriculture, the principle of care proposes that scientific knowledge
can be usefully supplemented with practical experience, accumulated wisdom and traditional or
indigenous knowledge. Furthermore, decisions should focus on appropriate rather than unpredictable
technologies and reflect the values of those affected through transparent and participatory processes.

While the content of these principles is overlapping to some extent and (re)appears under other
points of the position statement, in this first section it is stated that existing GMOs have violated the
principles of health and ecology (e.g., through negative impacts on biodiversity and soil fertility) and
also violated the principle of fairness through failing to contain the spread of GM contamination into
organic fields. This section of the position statement also suggests that the principle of care should be
the main guide for all research, experimentation and release of GMOs. As currently articulated, this
principle of care places importance on the adoption of both long-term, intergenerational thinking and
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evaluation, as well as a precautionary stance towards new technologies so as to minimize exposure to
negative impacts.

The principle of care used by IFOAM connects with feminist care ethics, which adopts a relational
ontology and argues for the importance of paying attention to factors such as the distribution of power
and vulnerability, as well as the specifics of context and narrative in any assessment of desirability [62].
Furthermore, the emphasis IFOAM places on responsible development links to the growing policy
discourse of Responsible Research and Innovation (RRI). In RRI, scientific research, technological
innovation and their governance are being required to address and orient around new norms [63,64].
These include: (1) A focus on addressing significant socio-ecological needs and challenges; (2) A
commitment to actively engaging a range of stakeholders for the purpose of substantively better
decision-making and mutual learning; (3) A dedicated attempt to anticipate potential problems, assess
available alternatives and reflect on underlying values, assumptions and beliefs; and (4) A willingness
among all participants to act and adapt according to these ideas [65]. This means that IFOAM’s guiding
principle of care and its notion of responsible development and use is usefully supported by work in
other fields, such as science policy and philosophical ethics.

Questions of health and food safety have traditionally been given significant weight by both
producers and consumers in their choice to go organic and it is important to emphasise that for IFOAM,
the health principle also encompasses not only human but also animal, plant, soil and ecosystem
health as well. Furthermore, the health principle of IFOAM specifically extends beyond the absence
of illness to the enhancement of wellbeing and characteristics such as potential for regeneration and
resilience. The impacts of GM crops on food safety and human and animal health have been the
subject of extensive debate for decades and scientists have differentially interpreted the available
evidence to claim both that there is a consensus that they are safe [66] and that a lack of such consensus
exists [67]. Such disagreement persists due to the inherent flexibility in terms of how protection
goals are framed, how research questions are formulated and what is deemed to be an appropriate
method and timeframe for testing. One of the major conflicts around safety testing has, for example,
been whether GMOs are best tested in isolation or in combination with the co-technologies (such as
the chemical sprays) they are in practice grown together with. Significant questions have also been
raised about the quality of the available evidence on questions of health and safety and the lack of
transparency on both methods and results in such studies, particularly for the industry funded studies
used in governmental evaluations [68,69]. Even if concerns around the quality and transparency of
research on health risks from GM crops could be addressed, it is worth noting that current assessment
regimes do not evaluate issues of well-being more broadly nor characteristics such as the potential for
regeneration and resilience as highlighted as important for IFOAM.

Interestingly, IFOAM [3] concludes this section of its position with the statement that
“Technologies such as GMOs should only be introduced—and then under controllable circumstances
only—based on democratic, transparent assessment of the technology through processes that include
decision-makers from every area of society and every group of people who will be impacted by the
technology”. What is interesting about this statement is that it does not appear to exclude GMOs and
NPBTs in principle, but rather takes issue with the degree to which they can be contained and controlled
and the extent to which their development has been transparent and their governance democratic.
Given the history of how GMOs have been developed and governed this is a legitimate concern.
There have been persistent calls for opening up the development and governance of agricultural
biotechnology to more democratic processes and input (e.g., through broader public engagement and
participation) [70–72] and indeed, the current emphasis on developing responsible forms of research
and innovation largely stems from the perceived failings of how biotechnology has been handled in
the past. If NPBTs become exempt from regulation, or are governed by existing flawed frameworks
that have perpetuated social controversy by excluding social and ethical aspects [73,74], then it seems
highly unlikely that new genetic technologies and applications will meet IFOAM’s requirements for
more transparent or democratic assessment. Furthermore, their novelty and lack of history of safe



Sustainability 2016, 8, 1105 11 of 19

use entails a degree of unpredictability that does not sit well with the principle of care as articulated
by IFOAM. Practical experience with the history of GM traits developed for commercial use also
shows no attention given to long-term thinking. This is evidenced by the fact that the development
of resistance amongst weeds and insects to the GM traits was predicted from the outset and has now
lead to a technological treadmill in which traits are now being stacked together as a management
strategy (with some GM crops now containing up to 8 different traits, including the production of 6
different pesticides and tolerance to two different herbicides [75,76]). Of course since the profitability
generated by patent protection is only available for a period of 20 years, commercial businesses are
also not always motivated to consider long-term solutions and may prefer to generate products with a
kind of “planned obsolescence”. This situation suggests that unless significant changes in governance
are implemented to prohibit NPBTs from following the same trajectory as previous biotechnologies,
they will fail to meet IFOAM’s criteria for responsible use and development.

2.4.2. Provide Evidence of Benefits

Taking an in-context-trajectory perspective [77], the draft IFOAM position states that the future
use of GM must be based on clear evidence of its benefits, and a thorough assessment of both its risks
and capability to respond to certain needs (in a problem-solving perspective). The IFOAM position then
reflects on the limited assessment of GMOs that is the current norm, which only takes environmental
and health risks into account. To expand this, the position statement calls for the consideration of
social, cultural and economic impacts in decision-making. It also calls for the consequent recognition
of documented negative socio-environmental impacts, such as: a reduction in the diversity of available
seeds [78–80]; the evolution of weeds resistant to the co-technology herbicides resulting in the use of
additional and more toxic agrochemicals [81]; development of resistance to GM crops in insect pest
populations [82,83]; increased pesticide residues in food [84]; or disruption of rural social structures
and cultures [85], among others. The draft position paper attributes the reported problems both to
the traits expressed by the GMOs themselves or the way in which their production and introduction
occurs. On this point, the position could be expanded to critically question the sufficiency of health
and environmental assessment related to co-technologies and production systems, as well as recognise
that social, cultural and economic impacts can also be assessed scientifically.

There have been persistent promises from proponents on the capacity of GM products to solve
complex problems (e.g., drought-tolerant crops adapted to changing climates [86] or cultivars with
enhanced phytonutrients to alleviate diet-related diseases such as cancer, hypertension or diabetes [87]).
Despite decades of research and development though, commercial GM crops have failed to deliver
on such promises and remain dominated by herbicide-tolerant and pesticide-producing traits, with
any innovation largely restricted to trait stacking. As already suggested, these traits have little to offer
the agroecological approach. The consistent failure of GM to deliver on its promised broader benefits
creates significant grounds for scepticism that this will change with NPBTs, despite the same promises
reemerging and being perpetually repeated. Beyond the discussions on the technical capacity of GM
to deliver such results [88,89], from the agroecological perspective the proposal that a technoscientific
fix is available is highly reductionist and fails to acknowledge the social complexity of problems such
as long-term hunger or poverty and the political drivers that cause and reproduce inequality [90,91].
It also radically simplifies (or even omits) the complex agronomic, institutional and livelihood contexts
of introduction [88,92]. It is also worth noting the evidential bias involved when concrete empirical
evidence of harm is always needed to prohibit a GMO, while hypothetical rather than evidenced
claims of benefits are often sufficient to attract research funding and encourage their approval.

Assessing even the narrow promises of improving rural livelihoods through an increase in yield
from GM crops requires a detailed critical examination of the available evidence in terms of the
current and historical context of the application, the specific crop and trait being investigated, and the
features being compared. This is because the devil is often in the detail and there is a need for a more
consistent effort to gather empirical evidence, especially within a long-time frame and multifactorial
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value perspective. For instance, after reviewing 47 peer-reviewed articles using economic methods to
measure the farm-level impacts of Bt cotton in developing countries, Smale and colleagues concluded
that “the institutional and political context, which is mutable and often ignored, shapes economic
impacts, especially over the longer-term. Most often, the contextual factors that influence whether a
new variety succeeds or fails are more critical than whether yield advantages can be demonstrated
in on-farm trials” [93]. The timeframe used is particularly important since, as the development of
glyphosate-resistant weeds has shown, initial positive indications from GM crops often cannot be
sustained over the long term [55,94]. For example, in the case of glyphosate-tolerant soy and cotton, not
only has the required glyphosate dose to control weeds increased over time [95,96], but also resistance
development has now forced farmers to employ a cocktail of other more toxic herbicides together with
these increasing doses [81]. Unless NPBTs can offer empirical evidence of benefits sustainable over
the long-term and move beyond the same type of hypothetical promises of technoscientific fixes for
complex political and socio-ecological problems, which have been perpetuated for decades without
delivery, then they will not be awarded a place in organic agriculture.

2.4.3. Ensure the Common Good and Reform Public Policy and Laws

Under the section on ensuring the common good and reforming public policy and laws, the
IFOAM draft statement again makes a call for enhanced and more meaningful public participation
on a range of themes. This includes ensuring public access to genetic resources, increasing efforts
to develop sustainable alternatives to GMOs, and reversing the spread of existing bad practice and
products. Under the point referring to public access to genetic resources, emphasis is placed on the
rights of farmers to save and trade seeds and the organic rejection of the legitimacy of patents awarded
to life forms or their components. On the point regarding increasing efforts to develop sustainable
alternatives, attention is called to the imbalance in the allocation of public resources. This means the
favouring of GM research and development at the expense of investment in heritage and organic seed
production and breeding, including participatory plant breeding practices. In referring to the need to
reverse the spread of bad practices and products, the statement highlights how the existing system
of GM farming has reduced access to non-GM seeds and lead to contamination without recourse
for compensation.

How intellectual property rights will be pursued and play out for NPBTs largely remains to be
seen. In the case of the CRISPR-Cas9 system, competing patent claims have been filed and remain
subject to ongoing assessment and debate [97]. Given the history of GM development, the vast
majority of those developing GM applications using these techniques will not likely be willing to
forego pursuing intellectual property rights over their “inventions”. One challenge to this, however,
may emerge in relation to how their regulatory status plays out. For example, the current European
definition of a GMO emphasises the question of whether these organisms are attained through natural
breeding or recombination [98]. If proponents successfully argue that organisms created using NPBTs
should be exempt from regulation on the basis that the changes could have occurred through natural
breeding as well, surely any claim to the organisms as patentable inventions could also then be
challenged as illegitimate. This is because to attain a patent requires a demonstration of novelty that
could be called into question if natural breeding or recombination could deliver the same result.

In requesting enhanced support for the production and multiplication of non-GM seeds, IFOAM
could also extend their position and call for research on both traditional and new varieties adapted to
specific contexts, especially in light of climate change. Additionally, agroecological research on heritage
varieties should also be accompanied by traditional knowledge of their associated agrarian practices
and uses. The balance of available public funding is, however, arguably unlikely to swing towards
enhanced support for organic science, seeds and breeding given the current high level of enthusiasm
for NPBTs. It seems far more credible that interest in this new wave of biotechnological techniques will
further restrict interest in and funding available for the development of organic approaches. While
it could be argued that funding is not a zero sum game, public money available for research and
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development is clearly limited and history has demonstrated that investment in the development of
technologies able to generate profits through patents rather than knowledge able to provide open
access public benefit has been preferred. Rather than challenging this trend, NPBTs are arguably set
to intensify it and further reduce both the funding and willingness to support genuine alternatives.
Furthermore, it is also worth noting that the technology stewardship agreements farmers are required
to sign to use patented GM technology prohibits them from performing research on the crops (e.g., [99])
and claims to confidential business information have inhibited the ability of independent researchers
to access test materials and perform safety testing able to adequately inform assessment processes [69].
To date, no alternative system to guarantee such access and provide sufficient dedicated funding for
independent safety testing has been articulated or implemented for NPBTs and it is not clear what
restrictions may be placed on farmers’ ability to save or perform research on seeds produced using
these technologies.

The ability to recall GM products and reverse harm is already extremely challenging for
existing products and will arguably also only be amplified in difficulty if NPBTs become widespread.
This is because for many of these techniques (and especially in the cases where no foreign DNA is
introduced), it can be extremely difficult to identify where they have been used without extensive
genome sequencing or expensive omic analysis. Unless new techniques for detection and monitoring,
or a system of watermarking transformed organisms, can be developed alongside the NPBTs, it seems
impossible that the ability to identify, recall or limit the spread of GMOs (into organic farms or wild
ecosystems) will be improved through their use. On this basis, NPBTs seem far from meeting IFOAM’s
criteria for ensuring the common good.

If the NPBTs are limited to making cisgenic rather than transgenic changes (meaning that the
modifications mirror what is possible with natural mutations or alleles), questions may be asked about
whether concerns regarding contamination would still hold. Of course if the GM organisms are subject
to patent protection, unintended spread will continue to persist as a relevant issue for producers, users
and non-adopters. However, even if the organisms were not subject to patent monopoly ownership,
if objections to the GMO extend beyond just the trait involved and the nature of the product to
include other aspects such as the process of genetic modification itself, the industrial system such
a process stems from and perpetuates, and/or the attitude towards nature motivating the genetic
modification, then there may still be a legitimate desire to exclude these organisms from organic forms
of production. That is, concerns regarding contamination of organic systems from the undesired
and uncontrolled spread of GMOs may still persist even if the NPBTs are limited in their use to the
development of knock-out or cisgenic GM crops. This is because what is being critiqued and resisted
is not necessarily just the specific product but also the general process of technologically manipulating
the genetic code of organisms and the agroindustrial system that advances this as a solution to complex
socio-ecological problems.

2.4.4. Coordinate Actions in the Market

The last section of IFOAM’s 2016 draft stresses the importance of recognising the myth of
coexistence between GM and non-GM crops and taking steps to proactively build, strengthen and
expand food webs that are not compromised by GM contamination. This would mean not only
developing and investing in the production and multiplication of non-GM seeds (as described above),
but also giving special attention to the development of preventive measures against GM contamination.
Such measures would need to take account of the potential for GM contamination via pollen drift in the
fields, through admixture during pre- or post-harvest handling, and the potential use of contaminated
additives, agents and ingredients in food product processing. In addition, as GM technologies continue
to develop, new challenges are said to arise for organic operators as they can inadvertently encounter
GM in new forms, such as in cleaning systems and products, in microbial cultures, and in other
industrial uses. IFOAM claims that according to the principle of freedom of consumer choice, labeling
of GMOs should be mandatory, not only for all food, feed and fiber products and their derivatives
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but also for animal products produced using GM feed. It is worth noting that in those countries (and
for those products) where labeling of GMOs is not currently required, the organic label effectively
functions as a form of GMO-free labeling for consumers. Should the sector begin to accept the use
of GMOs though, the organic label would no longer function in this way and organic producers
would likely lose the market share they currently hold from those not wishing to support or consume
GM products.

Due to both the right of consumers to make informed choices and the permanent existence of
the possibility of GM contamination in contexts of simultaneous GM and non-GM crop production,
tests to trace GM have become a necessity within the organic agri-food system. IFOAM claims that
organic producers should not have to incur the costs necessary to prove that the materials they use
have no GMOs or GM derivatives, since coexistence between GM and non-GM crops is a situation that
has been imposed upon them. This is specifically relevant for seed producers, as seeds are the most
fundamental and vulnerable entity of the food web. Therefore, IFOAM claims a zero tolerance policy
for GMO presence in seeds. IFOAM argues that the costs of testing with the most sensitive technologies
in different nodes of the food web should be implemented and paid for by those who release GMOs
onto the market and who therefore have a responsibility to control them. At the same time, organic
operators could also conduct precautionary testing. IFOAM also highlights that in countries where
contamination cases have taken place, an action threshold could be set that necessitates an inquiry into
the root causes of the contamination and investigates appropriate remediation actions. Following the
“polluter pays” principle, sanctions against trespassers for cases of contamination of non-GM crops
should be put in place, including economic restitutions to compensate for both associated market
losses and the loss of organic certification.

Since the position statement talks to all agriculture and is not restricted to the organic sector
specifically, a final aspect of the IFOAM draft refers to enhancing communication and the sharing of
information among both IFOAM members and other stakeholders to combat the negative impacts of
GM and advance alternatives. For example, establishing partnerships and alliances with organisations
outside the organic movement to oppose the use and spread of GMOs, producing stakeholder-specific
communications to different actors within the food web, or sharing best practices to avoid GM
contamination. Such new alliance building is arguably already taking place as both conventional
and organic farmers are coming together to discuss labeling around animal feed sources, and as new
categories such as “maize for human consumption” are being enacted [100].

As some countries refuse to consider GM contamination as a significant problem, the idea that
control and containment will be enhanced with NPBTs seems highly unlikely. Mechanisms for systemic
vigilance and monitoring would need to be more thoroughly explored, developed and put into place.
Furthermore, public reporting on GM contamination cases across countries (without compromising the
situation of the contaminated farmers) could be improved. At the moment an on-line contamination
register exists, maintained by Greenpeace and GeneWatch UK [101], although not all actors in the
sector register their contamination cases there. This can give a misleading impression of the locations
and scope of contamination events. Most countries also fail to offer any public register of where
GM crops are being sown or recompense if contamination occurs. The existence of a public register
with the location of both experimental and commercial fields is a prerequisite for adopting measures
to avoid contamination, as well as to assign responsibilities for contamination as needed. Support
for contaminated farmers also needs to be addressed, for example, via an insurance fund. Without
the existence of such mechanisms for communication and support, the marketplace will simply
not contain the necessary structures for organic farming to avoid negative impacts from undesired
GM contamination, whether this be via the use of either old or new biotechnologies. Furthermore,
unless NPBTs have ways to clearly communicate their presence and dedicated measures for control,
containment and recompense in the face of contamination, the organic sector seems likely to maintain
its opposition to their uptake, use and spread.
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3. Conclusions

Proponents of agricultural biotechnology are calling for a reconsideration of the organic opposition
to GMOs in light of NPBTs. This is despite any demand or perceived need for this from the international
federation of organic agriculture movements. In this paper, we have sketched the diversity that exists
under both the terms organic and GM and shown how disagreements on this issue involve a clash of
agri/cultures between agroindustrial and agroecological approaches. Pointing to the potential for grey
areas between the poles of a spectrum of beliefs and practices, our analysis then went on to focus on the
newly revised draft position statement on GMOs from the IFOAM. Through this analysis, we suggest
that given the history of experience with existing GMOs, the in-context-trajectory of biotechnology
development, the continued narrow framing of agricultural problems and the ongoing exclusion of
important socio-economic, political and cultural dimensions, NPBTs are unlikely to gain favour within
organic movements given the criteria that are articulated as important for them. If GM advocates
would like to see their applications embraced by the organic community, more substantial efforts will
have to be made not just in the narrow terms of what traits are developed and what technologies
are used, but also in: (a) how agricultural problems are understood and solutions imagined; (b) how
the issue of ownership is considered and applied; (c) how regulatory assessment is informed and
performed; (d) how issues of containment and control are developed and enacted and (e) the extent to
which alternatives are investigated and supported. Unless deep cultural change takes place within
GM research, development, orientation, assessment, and deployment, NBPTs will fail to meet the
criteria of importance for IFOAM in much the same way as existing biotechnologies today. Therefore,
we conclude that on the basis of its expressed criteria of importance, the organic movement should
maintain its opposition to GM despite the emergence of NPBTs because currently, these new techniques
appear to be writing the same old story.
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