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The ethics of food and agriculture is confronted with enormous challenges. Scientific 
developments in the food sciences promise to be dramatic; the concept of life 
sciences, that comprises the integral connection between the biological sciences, the 
medical sciences and the agricultural sciences, got a broad start with the genetic 
revolution. In the mean time, society, i.e., consumers, producers, farmers, 
policymakers, etc, raised lots of intriguing questions about the implications and 
presuppositions of this revolution, taking into account not only scientific 
developments, but societal as well. If so many things with respect to food and our 
food diet will change, will our food still be safe? Will it be produced under animal 
friendly conditions of husbandry and what will our definition of animal welfare be 
under these conditions? Will food production be sustainable and environmentally 
healthy? Will production consider the interest of the worst off and the small farmers? 
How will globalisation and liberalization of markets influence local and regional 
food production and consumption patterns? How will all these developments 
influence the rural areas and what values and policies are ethically sound?

All these questions raise fundamental and broad ethical issues and require 
enormous ethical theorizing to be approached fruitfully. Ethical reflection on criteria 
of animal welfare, sustainability, liveability of the rural areas, biotechnology, 
policies and all the interconnections is inevitable.

The International Library of Environmental, Agricultural and Food Ethics 
contributes to a sound, pluralistic and argumentative food and agricultural ethics. It 
brings together the most important and relevant voices in the field; by providing a 
platform for theoretical and practical contributors with respect to research and 
education on all levels.
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Preface and Acknowledgments

This edited volume and the interdisciplinary research it collects are the result of 
collaborative discussions that began at a workshop which was held at the 
W. K. Kellogg Biological Station, Hickory Corners, Michigan and funded as the 
second conference workshop of “Social Implications of Emerging Technologies in 
Agriculture,” a grant-funded project (award number 2020-67023-31635) from the 
United States Department of Agriculture’s National Institute of Food and 
Agriculture, Catherine Kendig, Principal Investigator.

One of the aims of the grant was to facilitate interdisciplinary discussion focus-
ing on the social implications of emerging technologies in agriculture and their 
impact on diverse species and ecologies. The immediate objective of the workshop 
was to develop a blueprint with which to consider challenges and issues surround-
ing a research agenda that engages with the scientific, ethical, regulatory, and social 
consequences of the agricultural use of biological and chemical technologies. Long-
term agricultural research provides ample evidence of coevolved species, e.g. 
microbes and plant roots, wheat and pollinators. But how does the deliberate modi-
fication of agricultural products through mechanical, chemical, and genetic engi-
neering change the agroecology, interspecies interactions, and the sorts of agronomy 
experiments needed to assess these impacts? In our initial invitation to workshop 
participants, we shared some questions we were keen to discuss:

	1.	 How can we understand the effects gene technologies might have on the micro-
biome of the target crop?

	2.	 What are the current gene technologies and how should they be evaluated for 
agriculture to capture their entanglements in the environment—for instance—on 
pollinators?

	3.	 What impact do/can gene technologies have on the soil microbiome or on plant-
related microbes?

	4.	 What values, concepts, and assumptions are framing the evaluation of the con-
ceptual and social impacts of using CRISPR-based gene drives for agriculture? 
And how could they be expanded?
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	5.	 In what ways do crop plants matter and how are they differently conceived by 
First Peoples, early settlers, as well as current family-owned farms and large 
farms. In what ways might gene interventions change this?

	6.	 How might technologies be used to maintain or increase ecosystem diversity, 
e.g., through planting methods such as planting in prairie strips or swales?
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1.1 � Introduction

How does what we know about something affect how we choose to interact with it 
and how do our interactions with it change it in ways that in turn affect our future 
knowledge and interactions? The purpose of this volume is to investigate these 
interactive causes and effects within and between research and development of agri-
cultural technologies and farming practice. Understanding these complex interac-
tions necessitates examining how scientists in agricultural research settings 
understand their own activity in relation to agricultural practices and farm manage-
ment decisions. These decisions themselves are, of course, influenced by geologi-
cal, biological, chemical, climatic, economic, community, and cultural knowledges 
about the regional ecology of a particular farm.

This volume contains chapters focusing on philosophical and social consider-
ations of the use of biotechnologies for agriculture. As such, it investigates how do 
human interventions into the environment motivated by different aims transform the 
landscape in ways that create new causal relationships between organisms above 
and below ground. The volume is intended to provide readers with conceptual tools 
through which the use of new agricultural technologies might possibly be better 
understood and debated. While volumes published in the history of agriculture, 
sociology of agriculture, and applied ethics are plentiful, those aiming to integrate 
history, philosophy and sociology of agricultural practices are far less common. The 
present volume aims to fill this gap.

This introductory chapter provides a conceptual framework for the volume. It 
begins with a brief account of the history of the philosophy of the agricultural sci-
ences. Following this, we introduce the concepts and approaches referenced in the 
volume’s title; The Social Epistemology of Engineered Agricultural Ecologies. 
We begin with social epistemology before explaining what we mean by the phrase 
“engineered agricultural ecologies” and why these are central to philosophical 
and sociological discussion of agricultural biotechnologies. It continues with a 
section clarifying concepts and terms that cut across several of the book’s case 
studies. The book’s contributors offer case studies focusing on several different 
ways agricultural landscapes can be engineered and reengineered, we conclude 
our introductory remarks with a brief precis of each chapter included within 
this volume.
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1.2 � Towards a Philosophy of Agricultural Science

Despite a dramatic uptick in philosophical studies of agriculture and food systems, 
it is only relatively recently that philosophers with an orientation to the history and 
philosophy of science have given serious attention to work done in agricultural 
research institutes. Two interacting and complementary trends account for this. On 
the one hand, the general orientation in philosophy of science typical of the post-
World War II period was simply not conducive to serious work in what was consid-
ered to be an applied discipline. On the other hand, the initial impetus for 
philosophical work on food and agriculture came from ethics and political philoso-
phy, with formative studies suggesting little in the way of an opening to the philoso-
phy of science.

The philosophy of science that emerged during the early decades of the twentieth 
century was an epistemological attempt to understand how the work of scientists 
(often cosmologists and physicists) yielded a form of knowledge that was distinct 
from interpretive disciplines in history, law, religion and, for some, philosophy 
itself. This early period in the philosophy of science coincides with distinctions 
made in the sciences themselves as parsing the pure or basic sciences as distinct 
from the applied sciences. The basic sciences aimed to explain states of affairs, 
natural processes, cause and effect, and motion or change that were unaccounted for 
in terms of intentional or willful actions. Basic scientific research was research that 
was defined as being free and undirected, the pursuit of which was not oriented to 
any particular goal. The applied sciences would then adapt this research to human 
activities such as medicine, manufacturing, weapons development and, of course, 
agriculture. This picture suggested that insofar as applied disciplines were scien-
tific, they adopted the underlying categories of the pure disciplines, though as prac-
tical the application of these categories would be steered by human purposes. 
Vannevar Bush is sometimes credited with institutionalizing the distinction in pub-
lic policy and in scientific research organization after World War II. Though known 
for leading the spectacular achievements of applied science during the war, Bush’s 
(1960) report Science: The Endless Frontier argued for a robust community of sci-
entists pursuing basic research, unencumbered by applied goals.

These developments suggested that the research in the pure sciences was directed 
to revealing the basic structure of reality, while the applied or practical disciplines 
had additional recourse to what was useful for particular aims. Philosophers of sci-
ence had several reasons for neglecting the agricultural disciplines. First was the 
view that technology itself is literally an application of theories developed in the 
basic or pure disciplines. Proponents of this view stressed the detailed theoretical 
and empirical work of predicting, testing, and explaining that relied upon specifying 
parameters, instantiating key variables, causes, and laws of nature and they argued 
that philosophers of science could benefit from closer study of such work. 
Nevertheless, they offered no epistemological challenge to Bush’s basic distinction 
(Bunge 1966). Second, the very idea of applied sciences implies use for a specific 
purpose. In application, science would direct and coordinate action toward a given 
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goal, but fixing the goal, not to mention its justification, was often thought to be an 
extra-scientific matter.

Philosophy of science was, for a long time, a discipline wedged between logical 
positivist and social constructivist views and one attempting to avoid the taint of 
ethics, religion, or other messy valuations in scientific research. This “value-free 
ideal” was seen as a desirable third way to maintain an empirical basis for theories 
unladen with non-epistemic commitments, sidestepping any influence of ethical, 
political, or economic interests on empirical results or the justification of research 
pursuits (Intemann 2001). Although philosophers of science began debating whether 
science could be “value-free”, the applied sciences still did not present an auspi-
cious locus. This was due to their reliance on contingencies in social practice that 
made them uninteresting for someone focused on the value-free ideal. Here, one 
would expect diversity among different disciplines and goals. Instead of the basic 
sciences’ aim of discovering a univocal reality, applied sciences were reconciled to 
the possibility of incompatible prescriptions.

While others, including Marjorie Grene (1966), argued that scientific work was 
work that was driven by the itch to solve problems and shaped by value judgments, 
background assumptions, and tacit knowledge. For Grene, scientific disciplines 
were best understood as conceptually and resource-dependent social enterprises. 
Scientific knowledge is not value-free but ineliminably social and value-laden and 
as such, all “knowing is a kind of orientation” (Grene 1969: xvi). But, even though 
she was once a farmer herself, Grene did not pursuit agriculture as a focus of her 
philosophical work in the sciences (Grene 1995: 35). Finally, even among those 
scholars who did pursue philosophical work in the applied sciences, the low status 
of agriculture and farming was disqualifying. Academics and intellectuals alike 
were long disinclined to take it seriously (Heldke 2006).

There was some early interest in the philosophy of science on the part of special-
ists in agriculture and food systems. Glenn L. Johnson (1976) argued that the value-
free ideal squelched agricultural scientists’ willingness to participate in vital 
discussions about the role and impact of farm technology. However, philosophers’ 
interest in agriculture was focused on different issues. Two influential papers by 
Peter Singer identified topics that brought philosophers back to food and agriculture 
after generations of near silence. One was “Famine, affluence and morality,” in 
which Singer used a 1970s food crisis in Bangladesh to motivate a more general 
ethical argument (Singer 1972). The paper prompted a stream of philosophical work 
on food security and development assistance that continues to this day. Singer’s 
book Animal Liberation had even greater impact, precipitating the growth of animal 
ethics as a sub-specialization in philosophy, with substantial attention to ethical 
vegetarianism and the treatment of poultry and livestock in contemporary produc-
tion systems (Singer 1975). Although philosophers of science might have contrib-
uted to either topic, it was ethicists and political theorists who, for the most part, 
filled the pages of new journals like Agriculture and Human Values or The Journal 
of Agricultural and Environmental Ethics after 1980.
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1.3 � The Agricultural Biotechnology Debate

A more propitious opening to philosophy of science can be found in the aca-
demic literature on public reactions to genetically engineered crops and food 
animals. Within these debates, methods and goals of genetic engineering are 
often explained in the context of plant and animal breeding. Acknowledging the 
concerns about the technology can be rationally based, some argue that risks can 
still be adequately addressed (McHughen 2000). Others are not as optimistic, 
claiming that environmental and social risks from the new technology are them-
selves reasons to become engaged in active opposition to its use in agriculture 
and food systems (Krimsky and Wrubel 1996). But much of the social science 
literature focused on analyses of the socioeconomic environment that gave 
impetus to the utilization of gene technology in the agricultural sciences (Busch 
et  al. 1991), or the structure of the social movement that arose in opposition 
(Schurman and Munro 2013). For their part, philosophers’ scholarly contribu-
tions during this early period of agricultural biotechnology stressed analysis of 
underlying assumptions about the criteria for evaluating the technology (see 
Thompson 1990; Burkhardt 1992).

Given philosophers’ emphasis on evaluating agricultural technology and phi-
losophy of science’s understanding of technology as applied science, it took some 
time for researchers specializing in the philosophy of science to notice these 
debates. Michael Reiss and Roger Straughan’s Improving Nature: The Science 
and Ethics of Genetic Engineering (1997) was one of the first studies that reviewed 
agricultural applications, followed later by Barry Barnes and John Dupré’s 
Genomes and What to make of Them (2008) which provided a thorough discussion 
of interdisciplinary issues associated with the modification of human genomes 
and the genomic revolution following the Human Genome Project. The rationale 
for increased interaction between philosophers and social scientists in our project 
builds on this work in bringing together philosophers of science, scholarly 
researchers in agricultural biotechnologies, and social scientists working in agri-
culture and natural resources.

Our contributors’ chapters demonstrate that consideration of agricultural bio-
technological impacts must include a focus on how these technologies are devel-
oped, how they are applied, by whom and for what reasons but also what are the 
systemic causes and effects on crop plants, cropping systems, micro and macrobial 
plant and animal communities. A more philosophically nuanced understanding of 
both old and new technologies (and of all kinds) has the potential to advance public 
debate and policy review beyond the stalemate that has left many farmers hesitant 
to make full use of biotechnology’s potential whilst maintaining productive and 
sustainable growing conditions.
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1.4 � Social Epistemology

Philosophers of the seventeenth and eighteenth centuries developed theories of 
knowledge as an adjunct to an emerging scientific outlook. The new science 
demanded a break from wisdom literatures founded on the interpretation of sacred 
texts or the sayings of ancient sages. René Descartes championed a rationalist 
approach that emphasized deductive connections among “clear and distinct” basic 
ideas. John Locke fashioned knowledge as the accumulation of empirical observa-
tions, with inductive generalization providing a method for linking sensory experi-
ences. Others sought ways to weave rationalist and empiricist threads into a unified 
understanding of scientific knowledge. Yet in their founding formulation, both 
approaches theorized knowledge as the possession or achievement of an individual. 
Sensations of sight, hearing, taste, smell and touch comprise the basic elements of 
knowledge for Locke, who imagines the organization of this sensory data as arising 
within the subjective experience of the knowing subject. Similarly, Descartes imag-
ines the thinking thing testing ideas for logical coherence through an introspective 
accounting process, isolated from interaction with others.

This highly individualized picture of the knowledge process continues to be 
influential. Indeed, everyone comes to appreciate the profound sense in which what 
they know reflects the peculiar outlook and history of an individual human being. 
Yet it is highly questionable whether this individualized notion of knowledge accu-
rately reflects how we come to know what we know and the social nature of knowl-
edge, including scientific knowledge. Shared knowledge-making and 
method-generating systems in the natural and social sciences allow researchers to 
reproduce one another’s experimental results through common or shared under-
standings of what they are observing. These shared understandings increasingly 
emphasized quantifiably measurable outcomes in the biophysical sciences. Charles 
Sanders Peirce suggested that scientists obtain knowledge not by introspection, but 
through carefully specifying measurable outcomes that would obtain under repro-
ducible conditions, and then working collectively to test these hypotheses (Peirce 
1986). Scientific knowledge presupposes a community of inquiry.

To a large extent, this social orientation to epistemology is accepted by virtually 
all contemporary philosophers of science. However, given the innate plausibility of 
the introspective, individual model, it is often useful to call out the social dimension 
explicitly. In point of fact, the phrase social epistemology has only become com-
monplace in the last 30 years. The last five decades of work in the philosophy of 
science (as well as in general epistemology) could be seen as a social turn where 
greater attention was paid to the actual practices of social interaction. Building on 
Grene’s notion of “scientific enterprises”, Helen Longino (1990) argues that rather 
than being a threat to scientific knowledge, the social character of scientific knowl-
edge is what justifies scientific knowledge as objective through recognized practices 
of criticism such as peer review and shared standards. Objectivity is possessed by 
the scientific community—not individual scientists. Answering the hard question 
which is the title of her paper, “What’s social about social epistemology?”, Longino 
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argues that it is the participation or interactivity of communities—the “sociality of 
interaction”—which is central to knowledge production (Longino 2022: 171). This 
focus on social practices as central to epistemology is a view we share. The interac-
tive practices of specific networks of researchers and the institutionalization of dis-
ciplines and research programs have each been theorized as creating and maintaining 
a community of inquiry. As such, social epistemology is a term of art for scholars 
whose work on knowledge creation, transmission and reproduction highlights these 
social practices. It serves as a natural bridge between philosophy and sociology of 
science. Social interactions that give rise to goals that scientists share with client 
groups are of particular interest in the case studies that make up this volume. There 
is thus a sense in which any contemporary epistemology of the agricultural sciences 
would be social, yet in making special note of social epistemology in our title, we 
highlight the sense in which active communication and interactivity functions, in 
linkages between farmers and other human and non-human actors, and how these 
figure into knowledge-in-the-making.

1.5 � Engineered Agricultural Ecologies

Unlike social epistemology, the notion of engineered agricultural ecologies is a coin-
age we developed specifically for this book. It foregrounds the role of human agency 
in the assembly of organisms and abiotic elements that constitute an agricultural 
system. The reference to engineering alludes to chemical and biological agricultural 
technology debates, where advocates and opponents alike referred to techniques for 
modification of soil systems, as well as plant and animal genomes as “engineering”. 
At the same time, the phrase engineered ecologies echoes the debate over novel eco-
systems in conservation biology, where attempts to intervene in ecosystems damaged 
by species loss and climate change are advocated by some, opposed by others (Hobbs 
et al. 2013). By insisting that farms are “engineered ecologies” we hope to stimulate 
some crosstalk with environmental philosophers and conservation ecology.

Philosophical, sociological, conservation, environmental, and policy discussions 
around agricultural engineering require attention to ecologies much more so than to 
a single crop or type of intervention. Ecologies are composed of interrelationships 
between multiple above and below ground species of organisms as well as the phys-
ical and local climactic features of these local systems. Understanding how multi-
species interactions function in different agricultural ecologies relies on research 
from several disciplines. These include scientific research on interspecies interac-
tions such as the interplay between the environment and epigenomics and pro-
teomics; microbial communities and plant roots; pollinators and flowering plants; 
the construction of shared niches in various ecologies; and attention to trophic cas-
cades in wildlife management.

In addition, describing a farm or an entire food system as an engineered ecology 
implies attention to the interaction among the different species populating that sys-
tem. This would include the companion planting practices of several First Peoples, 
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and in particular the intercropping of corn, beans, and squash, the “Three Sisters” 
relied upon by the Chokian, Mississippian and Muscogee cultures as well as the 
Haudenosaunee and Maya (Woods 2004: 256). Many farmers and practicing agri-
cultural scientists will display keen appreciation for multispecies interaction within 
farming systems which guide the technologies farmers adopt, and shapes experi-
mental methods researchers use. At the same time, the emphasis on commodity 
crops and animal foods in the agricultural sciences often leads to research streams 
with an intense focus on the biology of a single species. A philosophical study of 
plant or animal breeding might follow the actors into an unwarranted emphasis on 
these species, considered as if their important biological characteristics can be theo-
rized in isolation. One might argue that too much of the philosophical work on 
agricultural biotechnology has fallen prey to this error.

The error is compounded when one considers how many critiques of contempo-
rary agriculture emphasize monoculture, as if a monoculture really was just a field 
containing only one species. In fact, even the monocultures of industrial agriculture 
are approached as multispecies ecologies within the agricultural sciences. A field of 
plants all ripening and ready for harvest at the same time is well understood to be a 
banquet invitation for deer, insects and fungi. Overzealous attempts to eradicate one 
species can turn another relatively benign species into a devastating pest. Populating 
the farming system with predators of these uninvited guests (e.g. biological control) 
is a multispecies approach to crop protection. We do not suggest that pointing to the 
ecological interaction of many species is something new to the agricultural sci-
ences. At the same time, for readers coming to agriculture for the first time (and here 
we hope to include many philosophers), it is worth stressing the sense in which each 
of these case studies approaches its subject matter from an ecological understanding 
of multispecies interaction.

1.6 � Agriculture, Agricultural Technology and Philosophy 
of Agriculture: Some Concepts and Terms

Before proceeding further into to the substantive issues of the book, it may prove 
helpful to offer some clarification of key terms in agriculture, agricultural technol-
ogy and philosophy used throughout the volume.

Agriculture includes production of commodity crops such as corn (maize), 
wheat, soybeans and rice, irrespective of whether they are destined for use as human 
food or animal feed. It also includes horticulture (e.g. fruit and vegetable produc-
tion) as well as non-food crops, such as cotton and tobacco. Perhaps less consistent 
with some forms of common usage, we include livestock production and aquaculture.

Agricultural technology includes the development and use of tools, expertise and 
equipment which make the causal factors critical to agriculture more manipulable 
by humans. These tools and expertise are developed to increase crop yield, farm 
management efficiency, increase farm and land capacity, improved farm production, 
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facilitate farmers’ financial well-being, and/or provide more sustainable solutions 
for agriculturalized ecologies. Agricultural technologies include early innovations 
such as irrigation such that farmers need not only rely on rain or rivers to provide 
crops the moisture they require. They also include horse-drawn plows to aid farmers 
in preparing soil for planting. During the Industrial Revolution, mechanical means 
of easily extracting sticky seeds from fluffy cotton led to the development of mecha-
nized agricultural solutions like Eli Whitney’s cotton gin. Innovations such as the 
current artificial intelligence equipped cotton stripper harvesters and spindle pickers 
continue to further minimize the need for a large agricultural workforce while 
increasing the ease of production from farm to fabric. In addition to mechanical 
technologies designed to physically manipulate agricultural environments, they also 
include chemical and biological technologies. Two of the most notable chemical 
technologies are the widespread use of synthetically produced nitrogen fertilizer 
developed in 1913 by Fritz Haber and Carl Bosch and the soilless farming tech-
niques developed by Dennis Hoagland and Daniel Arnon (1938). Some of the most 
notable biological technologies include plant domestication, crop breeding, the 
development of pesticides, fungicides, and herbicides (like glyphosate) as well as 
recent genetic engineering techniques.

Genetic engineering is widely understood to mean direct human manipulation of 
the DNA molecule that structures cellular metabolism in plants and animals. 
Although traditional breeding alters plant and animal genomes, mutation breeding 
and recombinant DNA transformation allowed breeders to intervene directly in the 
sequence of base pairs that compose an organism’s genome. Mutation breeding 
stimulates spontaneous genetic variation by subjecting gametes to chemical or 
radioactive stress. rDNA transformation exploits the biochemistry of DNA through 
cutting the molecule and inserting gene constructs that code for desired traits. In 
early applications, breeders had little control over the insertion point on the genome. 
In general, we will use the phrase gene editing to classify tools for targeting an 
insertion or deletion of genetic material (e.g. base pairs) at a predetermined locus on 
the DNA molecule. At present, these tools include TALENs, zinc fingers and 
CRISPRCas9, though others may emerge. CRISPRCas9 has additional uses. In bio-
medical settings, CRISPRCas9 can be used to introduce non-heritable changes into 
the tissues of a living organism. It can also be used in gene drives, that is, in con-
structs that are intended to move through a population of reproducing organisms. 
Although there are potential agricultural applications of both uses, we do not believe 
it is appropriate to include such additional uses under the term gene editing. Several 
chapters discuss the social, ethical and regulatory significance of targeting modifi-
cation to a specific site on the genome. In focusing attention on this specific approach 
to genetic engineering, our chapters do not presume to cover the full range of issues 
in agricultural genetic engineering and synthetic biology.

Philosophy of agriculture focuses on knowledge of agricultural systems (episte-
mology), categorization of the kinds of things, processes, and relationships that exist 
in agricultural systems (ontology), and what are best practices or standards of agri-
cultural activities (ethics). We rely on the usual notions of epistemology, ontology, 
and ethics but our uses of these also reflect the differences in our different 
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subdisciplines in philosophy and the target subdisciplines—from pollinators to 
pedology. Philosophical discussions frequently focus on identifying what are the 
causally salient practices and interventions. This is especially true for several chap-
ters in this volume. Our interest in causal efficacy should be unsurprising. The focus 
of agricultural interventions is often directed to causal factors that are manipulat-
able by humans and those aspects of agricultural systems whose manipulation 
makes a salient difference with respect to farmer goals, agricultural production, and 
ecological impact. Determining what is causally efficacious in a particular agricul-
tural situation also relies on different knowledge assumptions, on one’s epistemic 
commitments, as well as on one’s understanding of the sorts of things that exist in 
the world: one’s ontological commitments. What kinds of things exist and how do 
they relate to each other? For instance, these questions can be asked in terms of what 
something is or what are the constituent parts of systems—from farming systems to 
soil systems. We might ask: what sorts of entities or activities are included in a farm 
that makes it a farm? or What sorts of biological, chemical, and physical compo-
nents or features make up healthy soil?; What sorts of animals are considered to be 
livestock? What does pollinator health have to do with crop health and vice versa? 
How are agricultural standards and policies determined, and who is involved in their 
determination? or How do interinstitutional relationships affect what is grown, 
where it is grown, how it is grown, and who grows it? Answers to these questions 
rely on how they are sorted or classified. How entities, properties, and relationships 
are sorted into groups rely on formal and informal classification systems used by 
agronomists, scientists, farmers, and consumers. Much of the philosophical work in 
this volume investigates how knowledge about agricultural systems is grounded in 
ontological commitments expressed through farming, agricultural research activi-
ties, and the use of agricultural biotechnology tools (Kendig 2024). Put another way, 
what is known is grounded in ecologically, technologically, and culturally situated 
activities, and on social epistemologies and social ontologies.

1.7 � Chapters Summaries

The volume collects contributions to a project funded by the U.S. Department of 
Agriculture (USDA) under the aegis of its program on “Social Implications of Food 
and Agricultural Technologies.” The USDA program was initiated in part because 
of difficulties faced by the first generation of food and agricultural products devel-
oped using recombinant DNA.  We designed our USDA grant-funded project, 
“Social Implications of Emerging Technologies in Agriculture” (Principal 
Investigator: Kendig), to facilitate much-needed discussion of the technological 
impacts on different scales, across different species, and among individuals, com-
munities, and institutions. In particular, we specifically address two key goals: (1) 
support greater interaction between social scientists and philosophers studying the 
debates over agricultural technologies and (2) anticipate the system-wide impacts of 
recently developed tools for targeting genetic changes at known locations on plant 
and animal genomes.
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The papers in this edited collection focus on different scales of impact within and 
across engineered agricultural ecologies. These scales of impact include agricul-
tural relationships between micro-, meso-, and macro-organisms, as well as the pro-
duction, sustainability, and research goals set by farmers and agricultural scientists; 
the agrotechnological means by which these goals are pursued; and how the condi-
tions of success are adjudicated by farmers, industry leaders, and consumers of 
agricultural products.

Each chapter considers different scales and impacts of multispecies interactions 
in engineered agricultural ecologies but does so by intertwined concepts from ecol-
ogy, biology, engineering, agriculture, and sociology. Contributors’ foci target dif-
ferent agricultural systems including soils, pollinators, row crops, livestock, and 
human interactions that employ historical, ontological, sociological, and gover-
nance frameworks. In doing so, the volume as a whole builds on earlier discussions 
of the discrete social implications of emerging technologies and debates on the use 
of gene technologies, but does so by taking a systems approach to evaluate not only 
agroecological technological impacts but their downstream effects.

Catherine Kendig’s chapter, “What is Soil, and What is it For? Social Ontologies 
and Social Epistemologies of Soil Affordances and Soil Experiments” examines 
different conceptualizations of soil health that have shaped what sort of thing soil is 
thought to be in the history of soil science and farming practices. She investigates 
how these conceptualizations have differently shaped knowledge of soil through the 
choice of different agronomy experiments and the development of different soil 
amendments. Relying on J.J. Gibson’s notion of affordances, Kendig studies the 
intertwined causes and effects of farm management decisions on crop plants, for 
microbial communities, mesofauna and other organisms in the soil system in 
response to different agricultural technologies. In particular, she focuses on the 
interconnectedness of soil metabolic cycles and the concept of “soil metabolism” 
coined by J.H. Quastel, the development of the Haber-Bosch process and chemical 
nitrogen fertilizers produced with the goal of increasing crop yield, and the long-
term soil fertility experiments conducted at Tuskegee Agricultural Station under the 
directorship of George Washington Carver that were performed using the tools and 
resources that were available to local tenant farmers to ensure research results were 
replicable in farmers’ fields. In doing so, Kendig shows how social ontologies of 
soil shape social epistemologies of soil by means of feedback loops of managing 
and valuing.

Wyatt Galusky and Christopher Henke focus their attention on a particularly 
familiar pollinator, the monarch butterfly, and explore the social basis of their por-
trayal as a charismatic species and how our portrayal of them as such constitutes an 
emergent type of agency with us that impacts public understanding of them. In 
“Dreaming the Butterfly: Engineered Ecologies and Fragile Futures”, Galusky and 
Henke describe as the monarch’s “fragile agency”, an agency that is determined in 
light of human goals and activities but one that also depends on relationships and 
interactions between humans and monarchs in different spaces for butterfly interac-
tion. This sort of agency depends not on one organism or species but on the interac-
tivity between different species—namely humans. For example, in schools, in 
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institutional messaging as mascot, as well as in engineered landscapes. Galusky and 
Henke explore how the monarch’s precarity and charisma are intermixed and rein-
force by human interest, and their use in human institutions which rely on their 
symbolic meaning and wide access to them by students who learn about them in 
school, citizen scientists who follow their migratory patterns, and their representa-
tional use among governmental agencies and conservation groups in the transgenic 
crop controversies and the ecological threats of climate crises.

Christopher Preston asks us to rethink some basic ontological classifications that 
have framed discussions of agriculture and gene technology for at least a half cen-
tury. He reviews how ecologists and environmental philosophers extend notions of 
agency beyond the human species. Beavers and whales exemplify the shift in 
Preston’s chapter “Agency and Relationships in Engineered Agricultural Ecologies.” 
Both are noncontroversially active in ecological processes; their behavior affects 
water and nutrient cycles, functioning as a component of habitat for other species. 
However, this behavior includes acts, doings undertaken purposefully, even when 
impacts on other species are unintended. As such, Preston argues, it does not stretch 
our concept of agency beyond recognition to see these animals as agents or actants. 
Pressing a bit further, Preston argues that it then becomes possible to see multispe-
cies groupings as relational wholes, constituted by reciprocal agency. Pushing the 
concept farther still, he considers how cells and genomes might be thought to con-
stitute those relational wholes we call organisms through a similar notion of recipro-
cal agency. Preston concludes by noting indigenous and traditional ontologies 
where humans are situated relationally amongst other species and closes the argu-
ment by suggesting that genetic modification disrupts this highly valued rela-
tional system.

In “Treading Lightly, Agriculture and Focality,” Per Sandin explores sources for 
the norm of minimizing human impacts on nature, and how it illuminates some 
prominent criticisms of agricultural biotechnology. For example, Charles III, King 
of England and philosopher of science, Hugh Lacy each grounded their critiques on 
a broader view of science and technology as inimical respect for natural limits. 
Sandin goes to develop this critique in light of Albert Borgman’s work on focal 
practices. Although burdensome, annoying and tiresome, focal practices (such as 
tending a fireplace) can have the unintended side-effect of creating the conditions 
for community and meaningfulness in human life. Technological innovations that 
address the costs also destroy the benefits. Sandin the weakness that arises in trying 
to apply Borgman’s approach in specific cases, such as modifying agricultural 
plants and animals with recombinant DNA technologies. Most fundamentally, the 
focal practices approach provides no clear guidance on the contrast case—the alter-
native that would prevail if a technological innovation is declined. While Sandin 
concludes that focality has limitations for policy advice, he nonetheless endorses 
Borgman’s approach as helping us understand and articulate moral considerations 
that have been either vague or overstated in the biotechnology debate, thus far. As 
such, attention to focal practice in domains such as farming or plant breeding can 
help reconcile innovation to an ethic of “treading lightly.”
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Rachel Ankeny’s begins her chapter by noting that gene edited crops continue to 
be received with many of the same reservations that plagued earlier applications of 
rDNA biotechnology in plant breeding. After noting terminological issues, her anal-
ysis of this policy impasse focuses on missed opportunities for gene editing in crop 
development. Ankeny identifies systems-oriented research programs that would 
link genetic manipulations more closely to ecological factors in the farm environ-
ment, such as soil chemistry, local organismal communities and farming methods 
that rely on farmer skill. Advocates for gene editing have largely ignored earlier 
criticisms and continued to develop crop varieties in isolation from such contextual 
factors. Her chapter, “Reframing Gene Editing in Crops: Unpacking Potential 
Solutions by Reconsidering the Questions Asked”, suggests that defenders of gene 
editing who stress the precision and speed of the technology would have greater 
success by realizing that these replies are not answering the questions that scientifi-
cally informed critics of GMOs were asking.

Theresa Selfa’s contribution notes the frequency with which scholarly reviews of 
the debate over agricultural biotechnology have called for public engagement. Her 
chapter confronts three problems that previous attempts at engagement have encoun-
tered: creating authentic engagement; identifying the framing value assumptions; 
and confronting conflicting values and multiple framing assumptions. A narrative 
approach places participants in a shared activity of vocabulary building and story-
line creation, leading to an activity in which they are authentically engaged. Values 
can be articulated naturally and conflicts will become both evident and negotiable 
as the narrative develops. “Unpacking Public Engagement in Agricultural 
Biotechnology: The Role of Narratives and Social Epistemology in a deliberative 
workshop on gene editing in agriculture and food” provides a detailed discussion of 
an engagement exercise conducted in 2022 focused on gene editing. Three narra-
tives shaped the engagement process. First was the need for gaining consumer con-
fidence through building trust. Second, the U.S. Government’s current practice falls 
short of an adequate governance practice, and third, although continuing engage-
ment is necessary, gene editing itself does not pose novel problems, topics or oppor-
tunities that differentiate it from earlier debates over agricultural biotechnology. 
Selfa’s postmortem analysis of the activity suggests opportunities for improvement 
on all three elements of engagement.

Paul Thompson’s chapter, “A Risk-Based Agricultural Biotechnology Ethics in 
the Era of Gene Editing: What is New and What Is Not?” provides an overview of 
ethically contested issues for the first generation of plant and livestock biotechnol-
ogy—so-called GMOs. He argues that when a risk-based approach is distinguished 
from the legal constraints of the regulatory process, it is philosophically able to 
organize and frame ethical disagreements across the range of human health (includ-
ing food safety), animal welfare, environmental impact and socio-economic issues. 
In reviewing how gene editing would be evaluated under such a framework, 
Thompson finds that risks in the environmental and socio-economic categories are 
virtually unchanged, while the greater precision of gene editing provides some basis 
for thinking that the new technology could reduce the probability that hazards in 
human and animal health will materialize. A sufficiently flexible reading of the 
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risk-based approach thus continues to be a useful epistemic framing for evaluating 
gene-edited crops and livestock, but claims that gene-editing resolves earlier ethical 
issues are overblown.

1.8 � Conclusion

We hope this collection of diverse approaches to the philosophy of agricultural sci-
ence will stimulate new work by others. At the same time, the individual chapters 
will certainly be of interest to those who have studied the uncertain career of recom-
binant gene technologies over the last 25 years. By situating studies of key episodes 
in that career with pieces that consider questions about the turn to more precise gene 
editing, we hope to place the science of agricultural biotechnology within a more 
rounded social context. The book offers case studies that examine alternative philo-
sophical framings of the issues, as well as discussions of topics in the agricultural 
sciences that do not involve plant and animal genetics. By broadening the scope in 
this fashion, we suggest how more sustained philosophical attention to the agricul-
tural sciences can facilitate reflection and improved decisions in technological inno-
vations. Finally, we hope to have shown that the agricultural sciences are 
philosophically interesting in their own right. In this, the book is an invitation for 
new work in the philosophy of agricultural science.
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2.1 � What Is Soil?

Soil scientific research is shaped by the concepts being used to understand soil, 
whether they are used to capture soil’s physical characteristics, the interactions with 
roots and rhizobacteria, or the types of soil a grower has available for planting. In 
these ways, answers to the question; what is soil?, have been historically inter-
twined with the practical goals of soil management, the normative concepts used to 
assess it, and the desired results of successful soil management. At the same time, 
these practical goals have also in turn conceptualized the relationships between 
farmer, soil, plant, and crop and structured what was considered to be good soil and 
what were considered good farming practices. For instance, farmers and gardeners 
know what good soil is and that having lots of earthworms in your soil is a good 
thing. Earthworm castings and burrows modify soil in ways that affect ecosystem 
functioning. Their activities increase soil aeration, the infiltration of water, habitats 
for microbes, soil carbon storage, and control fungal pathogens (Blouin et al. 2013). 
Earthworms stimulate plant growth directly by producing signal molecules that 
stimulate plant defences such as increasing phenolic compounds in tomato plants 
linked to western flower thrip resistance in soil (Xiao et al. 2017). Plant growth has 
also been shown to increase as the indirect result of earthworm burrowing and cast-
ing activities that alter the soil microbiome (Puga-Freitas and Blouin 2015). The 
number of earthworms a grower finds in their shovel serves as an indicator of soil 
goodness in virtue of the causal role earthworms play in the soil conceived of as a 
dynamic causal system.

Conceiving of soil as a causal system is not new. Several agricultural scientists 
including Franklin Hiram King and Liberty Hyde Bailey as well as Aldo Leopold 
treated soil as a system. In the editor’s preface to F.H. King’s The Soil, its nature, 
relations, and fundamental principles of management, Bailey writes:

the soil is no longer conceived to be an inert mixture, presenting only chemical and simple 
physical problems, but it is a scene of life, and its physical attributes are so complex that no 
amount of mere empirical or objective treatment can ever elucidate them. (Bailey 1895: vi)

Holistic conceptualizations and memorable analogies of the organic and inorganic 
interactivity of soil as where agriculture takes place capture these systems approaches 
are included throughout King’s work on soil, such as his notion of soil as best con-
ceived of as “the bottom of an aerial ocean”;

we are living at the bottom of an aerial ocean, and this ocean has a depth of 200 or possibly 
of 500 miles, but, unlike the one of water, it grows so rapidly less and less dense as its upper 
surface is approached, that in rising upward from the ground through it one would leave 
behind him in the first 15 miles all but 4.8 per cent of the entire mass. (King 1895: 11)

Systems analogies and concepts are also used by Leopold, including the “fountain 
of energy flowing through a circuit of soils, plants, and animals… and the living 
channels which conduct energy upward; death and decay to the soil” and the con-
ception of land health as “the capacity of the land for self-renewal” (Leopold 1949: 
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216–221). Soil has also been conceived as a multispecies community that includes 
microbial, macrobial, and megaflora and faunal interactions and importantly its own 
interconnected metabolic cycles. Building on these systems approaches and others, 
J. H. Quastel delivers his Leeuwenhoek Lecture entitled “Soil metabolism” to the 
Royal Society. In it, Quastel (1954) describes his experiments and observations of 
some of the dynamic processes that contribute to the potential productivity of soil 
and its continued capacity to sustain life. From these, he concludes that soil systems 
are not just biological, they are the sorts of processes that metabolize. Outlining 
several metabolic cycles within soil systems, including the process of nitrification, 
the manganese cycle and sulphur metabolism among others Quastel, describes their 
interweaving causal impacts on the soil community. Describing sulphur metabo-
lism, he explains, there are:

varied species of organisms that arise and are capable of attacking both the initial substrate 
and the products derived from it. These dependent organisms develop almost simultane-
ously…forming a cycle where the sulfur acts in a catalytic role because by its varied trans-
formations it secures the growth of the groups of organisms whose energies for development 
are obtained from oxidations and reductions of specific sulphur-containing substances. 
(Quastel 1954: 168)

Quastel’s soil metabolism provided more evidence against the once widely accepted 
humus theory of the Phlogistic Period of the late 18th through to the mid nineteenth 
century (Wild 1988). According to the humus theory, organic matter arising from 
the living or decaying organisms contributed to the nutritional support needed for 
plant growth. Plants, due to their vital force, were able to convert the essential ele-
ments contained in the humus extracts carbon, hydrogen, oxygen and nitrogen 
(Wild 1988). On the humus theory, soil was a mineral solution of these elements 
only. Early evidence against the humus theory and evidence of an interactive rela-
tionship between soil fertility and plant nutrition came from Carl Sprengel (1926, 
1928) who studied plant rooting systems as well as the ability of plants to gather 
minerals and other inorganic compounds directly from the soil. Identifying addi-
tional essential nutrients for plant growth left out of the humus theory, Sprengel 
provided evidence for potassium and magnesium as additional essential elements 
for plant nutrition contradicting the limited humus theory. Building on Sprengel’s 
work on mineral plant nutrition, Justus von Liebig devised an alternative approach 
that relied on what he called the law of the minimum, a law stated in three parts as:

1. By the deficiency or absence of one necessary constituent, all others being present, the 
soil is rendered barren for all those crops to the life of which that one constituent is indis-
pensable. 2. With equal supplies of the atmospheric conditions for the growth of plants, the 
yields are directly proportional to the mineral nutrients supplied in the manure. 3. In a soil 
rich in mineral nutrients, the yield of a field cannot be increased by adding more of the same 
substances. (Liebig 1855: 23–25, Black 1993 translation)

Liebig’s three laws,1 as they are often referred to, replaced the previous humus 
theory of soil and provided the foundation for the development of chemical 

1 Liebig’s law of the minimum became the basis for agricultural practice and accepted in Europe, 
North America, Africa and Asia despite their very different soil profiles. For more on experimental 
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amendments that could be added to soil to make up the deficiencies in nutrient 
deficient barren soils so that their fertility could be increased by the addition of 
what nutrients it lacked.

2.2 � Concepts of Soil Fertility and Soil Health

Edaphological soil studies (for agricultural purposes like soil management) shape 
and are shaped by how soil is understood and what concepts are being used. The 
management of soil and the multispecies communities within and around soil have 
an intertwined history in agriculture.2 Management of soil by growers seeking to 
improve crop yield share this history and are themselves partial cause and effect of 
the modified and engineered agricultural ecological systems of which they are a 
part. Soil improvement practices which might generally be referred to as the tending 
of soil rely on a variety of different concepts used by growers, landowners, agrono-
mists, soil scientists, agricultural extension agents, and agroindustry business. 
These concepts shape how soil is understood among diverse agricultural workers as 
well as how it can be managed and how it can be assessed and improved in response 
to the development of new technologies.

Underpinning soil management practices are several interrelated normative soil 
concepts. Several of these have already been mentioned in the work of Sprengel, 
Liebig, Quastel, and Leopold. Soil fertility or lack of it described as soil barrenness 
were concepts long used in descriptions of soil and land prior to Sprengel and 
Liebig’s use of these concepts in directing their own research. Leopold’s notion of 
land health as well as later notions of land capability have also played an integral 
part of assessing the benefits of careful use and detrimental effects of overuse of soil 
amendments designed to improve soil for agricultural purposes.

The soil concepts of soil fertility, land health, and land capability all refer to dif-
ferent means by which to assess the soil situation in a particular field or region of 
farmland. While the product of their own histories and contextual differences, each 
of these assessments aims to indicate not only the current soil situation but also 
intends to provide an accurate normative evaluation of it. That is: this is “good soil” 
for a field to have if farming is what you want to do with it.

agriculture in Germany, especially the role played by comparative trials prior to Liebig in the late 
eighteenth and early nineteenth centuries, see Schickore (2021).
2 See Kendig (2024) for an examination of how three soil social ontologies of soil management 
have contributed to different conceptualizations of what are good farming practices in the Ethiopian 
Highlands and in the American Midwest. The three social ontologies discussed therein include the 
local and Indigenous classifications farmers and farming communities rely upon to describe their 
relationships with soil; categorizations of farmers’ agricultural goals and priorities; and federal 
agency classifications that are used by agronomists assessing agricultural capability of differ-
ent soils.
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The concept of soil health has been widely used in agriculture and conservation 
for the past 25 years (Doran and Zeiss 2000). While the early use of the concept of 
soil fertility was popular up until the 1960s, it was replaced by soil quality which 
became widespread in agricultural studies in the 1970s, and has since been replaced 
by the concept of soil health since around 2000 (Powlson 2020: 2). Reference to soil 
health is now ubiquitous in academic agricultural literature, extension bulletins, and 
farming and trade journals, as well as in agroindustry and environmental studies. 
Definitions of “soil health” often employ related terms like sustainability, continued 
capacity, soil function, and vitality signalling its importance. For instance, the 
USDA defines soil health as “the continued capacity of soil to function as a vital 
living ecosystem that sustains plants, animals and humans.3 Creating and maintain-
ing a healthy soil is more than just reducing erosion. The benefits of a healthy soil 
go far beyond crop production” (USDA 2023). The concept of soil health is philo-
sophically interesting because it entails questions of metaphysics: what is soil?, 
epistemology: what are the measurable indicators of soil health?, and methodologi-
cal practice: what can be changed to make soil healthy? Soil health describes soil 
system capacities4 while also signalling the need for sustainable soil interventions 
required to achieve and maintain these.

Soil health requires soil management. But what activities should be pursued 
to make and maintain soil health is not something that can be universally speci-
fied. To understand what type of soil management is necessary, the concept of soil 
health requires operationalization in the form of a tool of normative assessment 
that is aligned with these soil management goals. Which management practices are 
required to create and maintain healthy soil necessitate the assessment of current 
soil status. Soil health tests provide identification of measurable soil characteristics 
that can be managed or intervened on and associated with soil health. Soil health 
is at once a normative assessment of soil, a management opportunity, and a con-
cept which can be operationalized in soil health tests designed to furnish infor-
mation to be used for soil management decisions. Soil health assessments have 
relied on biological and chemical knowledge, knowledge of plant physiology, and 

3 Soil systems are composed of microbial and macrobial constituents in complex relationships to 
each other. See Puig de la Bellacasa (2014) for how humans are not just recipients of the benefits 
of soil but are carers and part co-creators of the soil system.
4 While I describe agricultural soil ecosystems throughout the chapter in terms of capabilities, one 
might think that I could have instead discussed them in terms of functions. It should be noted that 
ecologists and philosophers of ecology have often relied on describing the contributions of forest 
ecosystems in terms of ecosystem services and functions and analysed in terms of causal role func-
tions (cf. Odenbaugh 2019, Morrow 2023). Because my focus on soil systems is within agriculture, 
and it is capacities rather than functions which are relied upon more within agriculture, I retain the 
capacity language. My additional justification mentioned above for capacity language to describe 
soil systems and their assessments is that capacity language highlights the intentional approach 
taken in agriculture when describing soil systems locally and as a place where management deci-
sions are made in light of past and current soil capacity assessments and in view of improving 
future soil capacity. Capacities, in this way, are those things that are indexed to place as well as to 
what interventions have been directed to soil systems.
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anthropological and sociological information gleaned from the activities and moti-
vations of generations of farmers’ management decisions each year.

2.3 � Soil Health Indicators: Measuring Soil Capabilities 
and Affordances

Conceptualizing soil health as soil management connects agricultural and soil sci-
ence to farm management and environmental policy. Soil and its health is a concern 
for agriculture due to its key role in food production and sustainable food systems, 
but its health also causally impacts the health of watersheds, oceans, and atmo-
sphere. In their recent review of soil health concepts in Nature Reviews, Johannes 
Lehmann and colleagues describe the concept of soil health as one best understood 
as a versatile platform concept that serves to represent current and potential proper-
ties of soil complexes; “soil health is an overarching principle to which to contribute 
knowledge, [and] as a property to measure, environmental and societal functions” 
(Lehmann et al. 2020: 552). While consensus on what the soil health concept means 
and to what it refers remains a topic of active debate, its assessment by means of soil 
tests continues in both agricultural research and the day-to-day management of 
fields. Different soil tests assess the physical, chemical and/or biological indicators 
of soil health and continue to be the main route by which soil is managed by farmers 
and understood by researchers. Reviews of the current literature on soil health have 
identified physical, chemical and biological means by which soil health can be 
quantified (Bünemann et al. 2018). The categorization of indicators as either physi-
cal, chemical or biological does not represent causal categories but categories of soil 
features that can be easily evaluated. Much of what is of interest to farmers and 
agronomists alike when considering soil health is availability of nutrients to plants, 
a process that is as much about chemical composition of soil as it is the biological 
process of metabolism (Lehmann et al. 2020: 546). Indices are those features of soil 
considered to be relevant to assessment of soil health, but also those that are fairly 
easy to measure. Those features which are often used as soil indicators include: 
nitrogen, sulfur, phosphorus mineralizing enzyme activity; nitrogen mineralization; 
microbial biomass; microbial activity; earthworms; organic chemical fractions; 
organic nitrogen; organic carbon; bioavailable nutrients; pH; cation exchange 
capacity; electrical conductivity; mobile nutrients; heavy metal toxins; aggregation; 
water storage; penetration resistance; and infiltration (Lehmann et al. 2020: table 1: 
548). A relevant indicator is defined as one which is informative to researchers and 
farmers, sensitive to intervention with farm management techniques and amend-
ments, and effective when these interventions are performed.

Indicators are then best understood as functional features of soil systems that can 
be intervened upon, whose assessment provides information of use in making soil 
management decisions, and the information provided by the assessment of it is a 
reliable predictor of soil potential and future capability. Definitions of soil 
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indicators, provide characterizations of the usefulness of soil indicators as well as 
how they are useful and to whom are they informative. These are salient to their use 
and, in part, justifies many of the purposes initially conceived of for introducing the 
concept of soil health in agricultural and environmental policy discussions as well 
as in agricultural management decisions. For instance, providing a concept legible 
to policymakers and industry as well as agronomists and farmers; facilitates discus-
sion of the role played by carbon sequestration in soils in matters from climate 
change mitigation strategies to water safety and sustainable seas.

What is missing from current discussions of the conceptualization of soil health, 
analyses of its usefulness, and the means by which indicators of it are chosen seems 
to be a clear account of what it is that indicators capture that makes them informa-
tive and useful for decision making and justifies their reliability in making predic-
tions of soil system capabilities. Lists of currently used soil indicators, analyses of 
why these need to be amended, and suggestions for possible additional indicators 
such as certain pathogens, parasites, or GHG emissions suggests that indicators are 
not just pragmatically chosen because they are easy to measure or modify but that 
their measurement actually reports something informative and that to miss what 
could be a relevant indicator would be undesirable because it means we miss some-
thing important about the way soil is and therefore how it could be better.

I contend a clear account of what it is that indicators capture that makes them 
informative and useful for decision making and justifies their reliability in making 
predictions of soil system capabilities is that they capture soil affordances.5 What do 
I mean by soil affordances? To explain what I mean by soil affordances, I need to 
first explain a bit about what affordances are first. In doing so, I will substantially 
extend and build upon J.J. Gibson’s initial notion of affordances as he uses them to 
describe what some individual entity might offer, provide or furnish to a particularly 
situated perceiver. An individual entity offers different opportunities to do certain 
things with them depending on who is interacting with them. Affordances are those 
things perceived as such within an environment. Affordances are not all good and 
nor do they always offer good opportunities. Affordances may also be missed or 
misperceived. For instance, consider an enterprising gardener who comes across a 
decaying carcass. The carcass offers many affordances. It may afford potential use 
as fertilizer once properly prepared, but it also affords potential and perhaps 
unknown contagions. While Gibson often describes affordances in terms of how an 
animal (including humans) perceives other animals, plants, materials and what they 
afford in setting up his account of visual perception, the account I propose not only 
extends the perceiver of affordances to soil microbial communities and plants but 
also focuses on the companion alliances and co-travellers (whether friendly, adver-
sarial, or neutral) that compose the multispecies consortia of soil systems. In doing 
so I rely on Gibson’s affordances to describe what it is that soil indicators capture in 
soil health assessments that make them potentially informative.

5 While “afford” and “affording” are words found in any English language dictionary, “affordance”, 
Gibson points out, is a word he made-up to capture perceived ecological opportunities (Gibson 
1979: 127).
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2.3.1 � Managing Soil by Managing Those Whose Activities 
Provide Affordances

Talking about soil indicators as affordances of soil systems is meant to shine a light 
on the intertwined causes and effects of farm management decisions for crop plants, 
for microbial communities, for mesofauna and for other plants and animals in the 
soil system. In talking about affordances, we can focus on how the soil amendments 
used or technologies adopted by the farmer offer affordances to plants, microbial 
communities, and other soil constituents. Because soil systems contain intercon-
nected relationships between plants, micro-, meso- and macrofloral and faunal com-
munities, talk of affordances means we can also trace what is afforded by, for 
instance, microbial communities to plants or from plants to mesofaunal communi-
ties in the presence of a particular soil amendment such as chemical nitrogen or a 
particular fertilizer like chicken manure.

Affordances of, for instance, the addition of chemical nitrogen as a soil amend-
ment to a particular field do not afford the same things in all environments to all that 
perceive them as affordances. But what do I mean here by perceive? Once again, I 
significantly extend Gibson’s original notion of the perceiver from an animal-human 
notion of perception to a notion of perception that includes the chemical communi-
cation of plant roots (rhizomes) by means of the root exudates they secrete6 as well 
as the interactivity of soil metabolic cycles.

Determining which affordances a particular soil amendment provides depends 
on a contingent infrastructure that connects an organism with how it engages with 
its environment and with other conspecifics and heterospecifics. The organism’s 
engagement in soil and with soil amendments is causally linked to its mode of life, 
stage, physical and physiological features, as well as how it eats, moves, and com-
municates through soil environments. In this way, the point of view of the organism 
and its relationships and communities are what facilitate how something becoming 
an affordance. The application of a particular soil amendment to a field may be 
detected as an affordance by means of processes like bacterial quorum sensing.7 In 
this way, I would argue, an organism’s situated deportment is not just an important 
part of understanding the concept of affordance, but is actually constitutive of it. 
The notion of affordances I am quickly sketching here relies on the different ways 
by which affordances can be detected by differently situated organisms within soil 

6 Root exudates are organic materials that are released through the cells of plant roots made up of 
soluble organic substances. These are exuded when root cells are harmed either be microbial pre-
dation or by physical breaks. Root exudates also aid plants in obtaining needed nutrients and pro-
vide chemical communication through mycorrhizal and rhizobia associations with plants and the 
fungal soil communities and assist with microbial colonization of the plant root surface by provid-
ing a food source and chemoattractant for microbes (Danhorn and Fuqua 2007).
7 Sensing by means of bacterial quorum sensing is admittedly a very long stretch from Gibson’s 
notion of human and animal perception. I am not suggesting that bacterial quorum sensing is per-
ception but instead that sensing affordances is something that can be done by means of different 
interactions—including animal and human perception but not confined to these capabilities.
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systems. Affordances are those soil capabilities which are detected as affordances 
by means of the different ways organisms or organismal communities encounter 
them. For example, dolomitic limestone in the soil where a peanut plant (Arachis 
hypogaea) is growing can provide an affordance to the peanut plant as the limestone 
offers a combination of calcium and magnesium. The nitrogen fixing rhizobium 
bacteria associated with the peanut plant’s root system metabolizes nitrogen in such 
a way that is beneficial to the peanut plant as well as the root associated microbiome 
of the rhizosphere. With calcium present in the soil, more plant root nodules are 
formed (Buchholz 1993). Because the bacteria within the root nodules fix nitrogen, 
rhizobium-peanut plant symbiotic systems are able to bind nitrogen via the air 
because of their symbiotic relationship with the rhizobium bacteria in their root 
nodules (Mohamed and Abdalla 2013). Accessible levels of calcium in the soil are 
a useful affordance to the rhizobium-peanut symbiotic system as it both regulates 
plant root rhizobium nodules and in doing so facilitates peanut pod and seed forma-
tion and strengthens plant stems (Yang et al. 2020). Affordances may be provided as 
the result of the activities of other organisms individually or collectively.

Many of these have long been studied. For instance, consider the burrowing 
activities of generations of earthworms described by centuries of farmers and gar-
deners as well as Darwin (1904) and others. The porous soil which is produced as a 
result of earthworm burrowing and castings forms affordances of an aerated soil in 
which micro- and macrorganisms find habitat, plant roots find easier passage 
through, and gardeners enjoy better harvests (Kendig 2014: 164). In addition to 
chemical or biological soil amendments, there are also mechanical and genetic tech-
nologies that introduce or reshape affordances. Mechanical technologies introduce 
affordances when they reshape land. For instance, in levelling fields to solve drain-
age and irrigation problems, removing rocks so as to encourage efficient harvest, or 
choosing to plant dwarf stocks of peach and plum trees to provide easier access to 
farm workers picking fruit without need for ladders (Perry 2011). The reshaping of 
affordances brought about through genetic technologies can often be traced through 
the desired agronomic traits which are the aim of these technological interventions. 
Plants may be bred either through conventional means or through the use of genetic 
technologies producing plants with higher yields, more nutritious nutrient content, 
or increased saleable products. Identifying plant traits or soil characteristic that pro-
vide these affordances is not a simple classificatory activity.

In the process of decision making around soil management, often what is being 
considered in implementing a new strategy or maintaining a current strategy in light 
of information about soil indicators of soil health is that soil management decisions 
such as which chemical or biological soil amendments to use, which crops to plant 
in rotation, which irrigation techniques to employ, or whether to till, no-till, or plant 
cover crops is a choice of what potential affordance we are modifying or introduc-
ing into the soil system.
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2.4 � How Agricultural Practices and Technologies Modify 
Different Affordances

2.4.1 � The Development of the Haber-Bosch Process

Anthropogenic changes to soil systems are the result of research and development 
of biological, chemical and mechanical technologies by geneticists, soil scientists, 
agricultural extension specialists, agroindustry, and growers. These technologies 
have impacted soil relationships and provided new intended affordances as well as 
unintended ones.8 Perhaps one of the best examples of a technology developed to 
provide a valuable affordance but also led to an inextricable mix of helpful and toxic 
affordances is the result of the Haber-Bosch process, often touted as one of the 
greatest discoveries and inventions of the world.

Physical chemist Fritz Haber, based in the Department of Chemical and Fuel 
Technology at the Fridericiana Technische Hochschule in Karlsruhe and Carl Bosch, 
based at Badische Anilin und Soda Fabrik (BASF) Aktiengesellschaft recognized 
that the increase in food production yield from agricultural crops was tied to the 
availability of nitrogen that was required to produce the necessary amino acids that 
make food life sustaining. Humans need to make proteins to survive, and this 
requires consuming amino acids from food since, unlike plants, we can’t make our 
own food through photosynthesis (Smil 2004). While nitrogen is plentiful in the air, 
in the air it is not available to plants. In 1908, Haber discovered that nitrogen gas 
could be fixed under high pressure to synthesize ammonia and in 1909 Bosch took 
on the job of developing the means by which the process could be scaled for indus-
try (Kroes 1995). Through their collaboration, a BASF team headed by Bosch 
opened the first ammonia synthesis plant in 1913 producing a reactive fertilizer 
nitrogen that was available to nitrifying bacteria in the soil such that they could then 
convert the ammonium ions into nitrates. These nitrates were then made available as 
affordances for plants to use in the production of proteins. Food harvested from 
agriculture crops fed 1.6 billion in 1900 and in part due to the Haber-Bosch process 
can now feed over 8 billion in 2024 (U.S. Census Bureau 2024). Analyses based on 
long-term experiments show that around 30–50% of agricultural crop yield is the 
result of the addition of chemical nitrogen soil amendments made possible by the 
Haber-Bosch process (Erisman et al. 2008: 637). While the Haber-Bosch process 
provided significant benefits in providing more food to a growing population, it also 

8 Anthropogenic changes may be beneficial or detrimental and may shift over time from beneficial 
to detrimental or vice versa. While technological changes may be intended to offer modifications 
intended or designed with the purpose of improving soil capacity, whether they are beneficial or 
detrimental is something that the microbial community, plant, or mesofauna will determine to be 
so by means of their interactions with it as the affordance they detect given their relationships with 
other constituents in the soil system.
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created negative affordances that are now being discussed in efforts to promote 
more sustainable soil management decisions.9

One of the most problematic affordances introduced into the soil system by the 
use of chemical nitrogen is that around 40% of chemical nitrogen fertilizer is not 
used by plants but is deposited into soil, air and water (Erisman et al. 2008: 638). 
This is not just a problem of inefficient use of chemical nitrogen. Over application 
of chemical nitrogen that is unused by plants becomes an affordance to chemolitho-
autotrophic microorganisms that oxidize ammonia via nitrite to nitrate through the 
process of nitrification (Daims et al. 2015). The nitrification process releases nitrate 
which is a detrimental affordance, a contaminant that is released into the groundwa-
ter and deposited in watersheds. The excess nutrients or eutrophication in estuaries 
and coastal waters in the form of these nitrates (and also often phosphates) provides 
extra affordances to water-based plants, in particular algae causing large algal 
blooms. Too much plant growth and algal blooms restricts oxygen to other organ-
isms creating a hypoxic environment. The decomposition of this plant matter pro-
duces high levels of carbon dioxide lowering the pH of coastal waters causing 
acidified areas unhospitable to many fish and plant species (NOAA 2017).10 While 
the use of chemical nitrogen in traditional agriculture is both widespread and 
required for producing food to maintain a growing population at the same time, its 
use is exponentially increasing the release of nitrous oxide in the atmosphere and 
nitrates into the watersheds and oceans. For these reasons, the nitrogen crisis seems 
to be a wicked problem.11 The complexity of the problem, the impact on environ-
ment and society as a whole, the constraints of a growing population in need of 
food, and an environment in need to a more sustainable solution mean that while the 
problem is defined, no definitive formulation of the solution has been identified.

There may be many solutions to the nitrogen crisis, but each seems to rely on 
how the problem is framed, what systems are discussed, and which affordances are 
identified as in need of change. In a recent editorial, “How can we possibly resolve 
the planet’s nitrogen dilemma?”, published in Microbial Biotechnology, a list of 
multinational and multidisciplinary scholars reviewed some of the possible solu-
tions which have so far been mooted as possible routes by which to solve the nitro-
gen problem (Matassa et al. 2023). Among the many included along with some of 
their advocates were: “reduce consumption of meat and dairy products” (Godinot 

9 Of course, there were also infrastructural affordances that made the initial development of the 
Haber-Bosch process possible. In the U.S., a “swords-to-plowshares project” which was a provi-
sion in the 1916 National Defense Act aimed to repurpose the explosives and technologies used to 
manufacture weapons during wartime technology to reused them in the manufacture of fertilizers 
during peacetime (Johnson 2016: 209–213). The infrastructural repivoting provided new economic 
affordances which facilitated considerable expansion of agroindustrial technology research and 
development by chemical fertilizer manufacturers.
10 Another product that is the result of excessive nitrogen use is microbially produced nitrous oxide, 
a greenhouse gas (Krasovich et al. 2022).
11 Design theorists Horst Rittel and Melvin Webber (1973) conceived of the notion of a wicked 
problem as those problems with no clear path towards a univocal solution given that how the prob-
lem is framed will predetermine the range of possible solutions conceived of as solving it.
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et  al. 2015); “precision farming” (Klages et  al. 2020); “replace mineral nitrogen 
fertilizer with biological nitrogen (microbially catalysed protein in the form of sug-
arcane biomass through the use of filamentous fungi or yeast)” (Sakarika et  al. 
2020, Areniello et al. 2022); “create a circular nitrogen economy” (e.g. reuse nitro-
gen from food waste or potato or dairy wastewater, strip ammonia from faecal mat-
ter for faecal nitrogen like BioFloc technology (Schryver and Verstraete 2009); 
“Power to Protein” (Gavala et al. 2021) (Matassa et al. 2023: 16–18). While one 
tempting answer to the “how can we possibly” question posed in the editorial’s title 
might be: try them all! This solution lacks both a stopping rule for determining 
when it is solved as well as any full throated consideration of how each proposed 
solution assumes what it sees are prime causes and introduces downstream dilem-
mas that produce unequal effects on different communities as a result of their cho-
sen solution route, such that:

[one’s] would-be solutions are confounded by a still further set of dilemmas posed by the 
growing pluralism of the contemporary publics, whose valuations of [the] proposals are 
judged against an array of different and contradicting scales. (Rittel and Webber 1973: 167)

Rather than evaluating each of these proposed solutions or even analyzing the set of 
nitrogen problems and solutions introduced by the Haber-Bosch process, looking 
forward for what could possibly be a solution, I instead look back at how one agron-
omist designed an experiment to investigate how possibly to improve soil and farm-
ers’ crop yield.

2.4.2 � George Washington Carver’s Long-Term Soil 
Improvement Experiment

Eleven years before Haber filed his patent for the “Synthesis of ammonia from its 
elements” based on his research at the Fridericiana Technische Hochschule and 
21  years before he was awarded the 1918 Nobel Prize in Chemistry,12 George 
Washington Carver was pursuing research on how to investigate soil affordances in 
the field at the Tuskegee Agricultural Experiment Station. Tuskegee Institute (now 
Tuskegee University) located in Tuskegee, Alabama, was founded in 1881 and the 
Tuskegee Institute Agricultural Experiment Station was established in 1890. 
Tuskegee was one of the first Historically Black Land Grant Universities. Carver 
was its first director, a position he held from 1896–1942.13,14 Carver was not alone 

12 While Haber’s Nobel Prize was in recognition of his research in ammonia synthesis, Bosch 
received his Nobel Prize, awarded in 1931, for chemical high-pressure methodologies (Nobel 
Prize 2024).
13 Carver was an African American botanist, teacher and former slave. He was the first Black stu-
dent and the first Black faculty member at Iowa State.
14 In the U.S., agronomy research and agricultural extension are interconnected historically when 
agronomy research was made a mission for public universities called Land-grant institutions. 
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in working on ways to improve depleted soil. Naturally occurring soil amendments 
like bird and bat guano were widely used and their effects on crop yield were well 
studied since the mid-eighteenth century. Before the discovery of the Haber-Bosch 
process, farmers purchased large amounts of guano imported from South American 
and Pacific islands. The valuable excrement of cormorants, other birds, and bats 
became a global trade with companies such as the American Guano Company 
importing the expensive source of nitrogen, marketed as a natural source of nitrogen 
able to restore soil fertility, without the need to rely on cattle manure (Stoll 2002: 
187–189). This further strengthened an agricultural economic system where farm-
ers willingly paid for (and preferred) bagged up soil amendments rather than relying 
on local animal manures, paving the way for a market for the new chemical fertil-
izers once the guano deposits were depleted.

Given the emphasis on purchased fertilizer, Carver’s research was significant 
because his soil experiments did not focus on purchased inputs (either guano or 
chemical fertilizers) or even on special equipment.15 Instead, the long-term experi-
ments at Tuskegee assessed the ability of locally accessible materials and techniques 
to improve soil. Before discussing Carver’s soil research in more detail, a bit of 
American history here will help explain why his research and that he was the one 
conducting it is so significant, for those outside of the United States. Carver is well-
known to Americans. They learn about him in grade school as an African American 
inventor who developed more than 300 products from peanuts, including milk, 
Worcestershire sauce, cooking oils, paper, antiseptics, and soaps at a time when 
peanuts were thought of in the United States as a crop suitable only for animal feed. 
Carver is the inventor who made peanuts the food we know today. Ask most folks in 
America if they know who Carver is, and they’ll likely say: oh, yes, The Peanut 
Man. This is significant given the love of all things peanuty from peanut butter pie 
and chocolate and peanut butter candy to peanut butter and jelly sandwiches. But 
despite his fame as an inventor, Carver’s most significant contributions to agricul-
ture knowledge and agroecological justice are relatively unknown to many 
Americans. Carver’s long-term agricultural research experiments on soil are those 

These were established by the Morrill Land Grant Act in 1862 which established schools of agri-
culture and granting each state 30,000 acres, and a second Morrill Act in 1890 that established 
Historically Black Land Grant Universities (HBLGUs). It wasn’t until 1994 that the Equity in 
Educational Land-Grant Status Act of 1994 established tribal colleges and universities Land grant 
universities. For more background on the 1890 Morrill Act, Carver and Tuskegee, see Part III: 
Departmental File 1897–1915 of the Booker T. Washington Papers contains correspondence and 
materials between Carver and Washington (Washington 1853–1946, Manuscript Division, Library 
of Congress, Washington, D.C.).
15 Several agronomists, such as F. H. King (1911) and Cyril Hopkins (1910) who suggested limit-
ing chemical fertilizer and reliance on animal manures to ensure organic solutions rather than 
quick fixes in agriculture and Carl Vrooman (1917) who criticized farmers for wasting manure 
were prominent critical voices in the 1910s. But for farmers growing row crops alone without the 
finances to afford livestock, the manure missed opportunity was never an opportunity open to 
them. For a detailed history of soil amendments, see Stoll (2002).
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which are particularly pertinent to the present discussion of soil affordances, and 
how these change when new anthropogenic interventions are made to soil systems.

The results of all agricultural experiments conducted at the Agricultural 
Experiment Station were written up and shared with local farmers and the local 
community. These agricultural extension bulletins16 were designed to provide read-
ers with accessible strategies for increasing their crop yield, decreasing local pests 
or weeds, and improving soil. In the bulletin, “How to build up worn out soils”, 
Carver describes an eight-year soil improvement experiment beginning in 1897 
(Fig. 2.1). Before describing the set-up conditions for the long-term soil improve-
ment study, Carver explains the justification for the experiment as being a study 
with two intertwined aims: (1) to investigate the effects different soil modifications 
and management techniques made to the soil and (2) to ensure every operation 
included in the experiment was possible for local farmers who had minimal access 
to machinery and similar soils.

16 All of Carver’s extension bulletins from Tuskegee are now available from the National Archives 
under “George Washington Carver Papers at Tuskegee Institute, 1864–1943”.

Fig. 2.1  How to build up 
worn out soils. Tuskegee 
Agricultural Experiment 
Station (1905) bulletin no. 
6. Tuskegee Institute 
Experiment Station, 
Tuskegee Normal and 
Industrial Institute. 
U.S. Department of 
Agriculture, National 
Agricultural Library. 
OL25940092M
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Carver chose ten acres of the worst soil he could find, describing just how truly 
bad the soil was in a way that is immediately recognizable to local farmers, he 
writes: “the soil was too poor to produce even a small crop of cow-peas” was “vari-
able in character, underlaid with yellow, red and mottled clays, which cropped out 
here and there” (Carver 1905: 4). Carver’s choice of the worst soil he could find on 
the agricultural experiment station was a necessary material part his long-term soil 
fertility experiments as the soil was of a common type in Alabama, a very light 
sandy loam (Fig. 2.2).

This soil had some affordances to the local community, which Carver notes—but 
what it was known to be good for wasn’t farming: “much of the sand for plastering 
and laying bricks was gotten here…the soil was practically sand and clay” (Carver 
1905: 4). Because of the fine grain of the soil, it frequently eroded and was washed 
away. To make matters worse, in addition to the poor soil, Carver also describes the 
field and the obstacles to plowing and planting, such as the presence of over a hun-
dred tree stumps that needed to be removed, which was also a common problem in 
the area. Removing tree stumps was something that could be easily done with a 
tractor. However, in Tuskegee, local farmers did not own tractors, but instead had 
access only to one mule and a one-horse plow.17

To ensure the results of these experiments were useful to local farmers, Carver’s 
experimental methodologies and protocols were devised to imitate the constraints 

17 Carver is making explicit reference to what was known as “the cotton sharecropper’s unit” which 
“was one mule and the land he can cultivate with a one-horse plow” (see Fig. 2.3).

Fig. 2.2  George 
Washington Carver, 
full-length portrait, 
standing in field, probably 
at Tuskegee, Holding Piece 
of Soil (1906). Johnston, 
Frances Benjamin, 
1864–1952, photographer. 
Library of Congress, Prints 
and Photographs Division. 
LC-USZ62–114302
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faced by the soil, their access to farming equipment, and availability of natural 
resources. Carver explicitly stated his intention to connect experimental results of 
the long-term experiment in response to the difficulties faced by poor soil by 
Tuskegee farmers in articulating the set-up conditions for the experiment. The plow-
ing of the tree stump strewn field was performed with one-horse equipment so as to 
“bring it more closely in touch with the one-horse farmer” (Carver 1905: 5) 
(Fig. 2.3). Making the results of the agricultural station’s soil experiments accessi-
ble to anyone using the same soil amendments and soil management techniques 
relied upon in the experiment shaped both its design and implementation. As Carver 
writes: “the chief aim was to keep every operation within reach of the poorest tenant 
farmer occupying the poorest possible soil—worthy of consideration from an agri-
cultural point of view” (Carver 1905: 5). This intention shaped what were conceived 
of as background conditions and what was the experimental target system to be 
intervened on for all Carver’s soil experiments conducted at Tuskegee. Increased 
soil fertility was altering affordances to soil which relied on what was done with it. 
Because what could be done with it was constrained by the equipment local farmers 
had access to, the affordance of improved soil by means of experimental 

Fig. 2.3  The cotton sharecropper’s unit is one mule and the land he can cultivate with a one-horse 
plow. 1937. Greene County, Georgia. Public Domain, from The New York Public Library. Creative 
Commons CC0 1.0 Universal Public Domain Dedication (“CCO 1.0 Dedication”)
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interventions required protocols reflecting the intersecting ecological, economic, 
and technological positionality of farmers and their farming activities.

The choice of a long-term experiment was justified in order to investigate the 
additive effects different soil amendments and management techniques made to the 
soil, including crop rotation, deep plowing, terracing, and fertilizing in successive 
growing seasons. The format of the long-term experiment provided the necessary 
timescale to rigorously test multiple hypotheses about the effects of various causal 
interventions to the target system understood as a system that included the local 
farmers, their equipment, and the natural resources available to them.

Carver was rigorously empirical in this and his other long-term soil experiments. 
This empirical rigor was motivated by Carver’s skepticism of the popular unre-
stricted endorsements of chemical soil analysis as sine qua non to any assessment of 
soil capacity for all soils everywhere common at that time among chemists and soil 
scientists. Carver argued that careful experimental design was necessary to make 
sense of chemical soil analyses. He expressed his suspicions concerning the perva-
sive uncontested reliance on chemical analyses in lieu of actual in-field crop experi-
ments in his bulletin: “our present methods of chemical analysis do not accurately 
determine the crop-yielding capacity of a soil, but such analysis should be followed 
up by carefully conducted crop experiments” (Carver 1905: 5–6). While Carver lists 
Liebig’s laws approvingly,18 he cautions Alabama farmers that these cannot be 
relied upon without understanding of plant growth, nutrition, and the availability of 
soil nutrients and variable needs of different crop plants:

the four laws of Liebig contain a clear statement of the principles underlying the use of 
fertilizers: but to understand their meaning with satisfactory clearness, we must know 
something more in detail about such subjects: a) the constituents of plants, b) the materials 
which furnish plant food, c) the condition these materials must be in before the plant can 
use them, d) the constituents of soils, e) what forms and quantities of plant food to use on 
different soils and crops. (Carver 1936: 3)19

Following the full description of the long-term experiment designed to intervene on 
these subjects, Carver reports to farmers which materials furnish plant food, which 
conditions these materials must be in in order for them to be available as food to 
plants and how the soil needs to be managed in order for worn out soil to be 
improved. That is, he explains how can the affordances of plants be understood in 
relation to the affordances of soils. He writes:

18 Carver summarizes Liebig’s four laws: “1. A soil can be termed fertile only when it contains all 
the materials requisite or necessary for the nutrition of plants in the required quantity and in the 
proper form. 2. With every crop a portion of these ingredients are removed. A part of this portion 
is again added from the inexhaustible store of the atmosphere; another part is lost forever if not 
restored by man. 3. The fertility of the soil remains unchanged if all the ingredients of a crop are 
given back to the land. Such a restitution is effected by fertilizers. 4. The fertilizers produced in the 
course of husbandry are not sufficient to maintain permanently the fertility of a farm; they lack the 
constituents which are annually exported in the shape of grain, hay, milk, and live stock” (Carver 
1936: 3), cf. Liebig (1840).
19 This was in stark contrast to Liebig’s strongly reductive explanations of soil fertility: “the only 
known ultimate cause of vital force is a chemical process” (Liebig 1848: 99).
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All these experiments seem to show that it pays to make a good seed bed by preparing the 
soil deep and pulverizing it thoroughly. That swamp muck and leaf mould are valuable as 
fertilizer and should be used whenever they can be gotten easily… That peanuts should be 
grown by every farmer. That with proper manipulation our poorest soils may be made to 
produce an abundance of the staple crops. (Carver 1905: 15)

The aim of the long-term soil experiments at Tuskegee was to improve local grow-
ing conditions for farmers. Given this explicit aim, the results of the experimental 
station experiments must be conducted in such a way as to be reproducible for the 
tenant farmers relying on the same interventions in their own fields. Reproducibility 
of the same results of increased soil fertility year to year that the experiment station 
found as a result of their interventions did not simply rely on Carver’s identification 
of the poorest soil possible on the experiment station or the use of a one-horse plow 
to conduct all interventions. Carver’s 8-year experiment also included swapping 
cotton and for nitrogen-fixing peanuts in the crop rotation—to garner a free biologi-
cal soil amendment as an alternative to the expensive chemical nitrogen fertilizers 
that local farmers could not afford. With one mule, farmers also lacked adequate 
manure to add to crops. Carver and colleagues at the experiment station found an 
alternative “green” manure that was locally available—swamp muck and leaf mould.

Carver recognizes that the amount of nitrogen (whether too much or too little) is 
an indicator of soil degradation or soil fertility. But also, that including peanuts in a 
farmer’s crop rotation meant that the biologically produced nitrogen resulting from 
the microbial activities of nitrogen fixing bacteria in leguminous crops could pro-
vide the much-needed nitrogen to other non-nitrogen fixing plants. In doing so, he 
effectively reconceptualized many of the standard agricultural kinds thought to be 
necessary to promote fertile soil, like purchased fertilizers, and the use of high-cost 
equipment to manage soil and increase crop yield. In mirroring the resources and 
conditions faced by local farmers, the Carver study succeeded in what it set out to 
do—increase soil fertility in the worst soil and increase crop yield for farmers with 
access to one mule and a one-horse plow. Doing so, Carver’s approach is intention-
ally keeping in mind the perspective of the Alabama tenant farmer and the condi-
tions of the soil he was farming. Through the targeted experimental interventions 
and amendments Carver devised in light of the local farming community, the long-
term study provides a particularly vivid example of a perspectivist approach to the 
management of soil systems and of soil affordances.

2.5 � Reshaped Affordances in Engineered Systems

The examples in the foregoing sections illustrate how adoption of biological and 
chemical amendments and the use of various technological interventions reshape 
agriculturalized landscapes. These reshaped agriculturalized landscapes furnish dif-
ferent agricultural opportunities and/or burdens to plants, microbial and macrobial 
communities that compose soil systems as well as humans which are different from 
those opportunities and burdens afforded to them prior to the technological 
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intervention. How microbial and macrobial communities respond to these new 
affordances affects the biological and physical makeup of the soil communities 
within these newly re-engineered agricultural ecologies. A host of inter-species 
causal interactions are reconceived in light of each new agricultural innovation. As 
I have shown, soil experiments, the development of technological interventions, soil 
ontologies and soil epistemologies are conceptually and methodologically inter-
twined. Agricultural interventions reshape species interactions and in doing so, 
change the affordances of the constituents of soil systems. The affordances and 
opportunities that are perceived by microbial and macrobial organisms are influ-
enced by the perceptions of those conceiving of soil health or soil degradation, 
arable or marginal land.

Perceptions of the affordances of some soil microbes are also shaped by what 
soil is thought to be for. Soil microbes might be categorized as “beneficial”, “neu-
tral”, or “pathogenic” depending on whether the role in soil microbiome and whether 
plant and soil disease are the targets of concern. However, these categorizations on 
their own disguise the interrelatedness of affordances they provide to other microbes 
as well as to plants and other macrofloral and fauna. One might interpret pathogenic 
microbes as a danger to be eliminated. This would be a mistake. Some beneficial 
microbes eat pathogenic microbes and so these trophic interactions would be dis-
rupted if interventions were taken to remove all pathogenic microbes. The result of 
which would be decreased soil health rather than increased soil health.

The concepts used to classify soils as capable, healthy, or degraded also influ-
ence future research decisions, technological developments, and farm management 
decisions. Concepts, like those discussed above, of Quastel’s soil metabolism, 
Leopold’s land health, as well as the technological innovations leading to the syn-
thesis of ammonia and the production of nitrogen-containing fertilizers by Haber 
and Bosch, the reshaping of soil mechanically in Carver’s long-term soil improve-
ment experiments, and recent conceptualizations of soil health and the indicators of 
it by Powlson and Lehmann and colleagues reform what is understood about the 
causal interactions between the constituents of soil systems.

Conceptualizations of soil, research decisions about soil improvement, and 
development of better biotechnologies for soil management rely on a value-laden 
purpose-driven soil epistemology and value-laden soil ontology. How the constitu-
ents of soil systems are perceived and valued informs the research questions pur-
sued, the experimentally defined background conditions and the identification of 
appropriate target systems. The identification and management of different soil con-
stituents as those of particular value—because they are perceived as indicators of 
soil health, necessary for plant nutrition, or central to soil sustainability—also 
affects how these constituents are identified and intervened on. Doing so also recon-
ceptualizes what are considered the background conditions and how these elements 
and relationships of the soil system are controlled for in soil experiments. How 
these key constituents or relationships are described, used, and investigated deter-
mines what is known about them and how they are understood in studies which 
target these features as those which are worthy of investigation. Understanding soil 
and soil management in the context of agricultural purposes involves feedback 
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loops of managing and valuing that rely on the social and technological relation-
ships involved in the making and maintaining of agriculturalized ecologies.
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Chapter 3
Dreaming the Butterfly: Engineered 
Ecologies and Fragile Futures

Wyatt Galusky  and Christopher R. Henke 

Abstract  Monarch butterflies are a well-known insect species to many people in 
North America. Their colorful bodies and migratory behavior, along with their ubiq-
uity in popular culture and advertising, makes them a familiar presence in many 
communities. Risks to monarch populations, such as habitat loss and potential nega-
tive impacts of agricultural practices and technologies, create a sense of threat and 
potential loss to people who have established a connection with the species. This 
connection, paradoxically, exists in large part because of co-engineered landscapes 
and agricultural practices that brought human food systems into proximity and 
cohabitation with the monarch. In this article, we explore the creation of these co-
produced environments that created spatial intersections and affinities between 
humans and butterflies—especially via the great midwestern U.S. corn belt. We 
argue that these intermingling environments of humans and nonhumans have cre-
ated a space for what we term interspecies agency, a space that locates and animates 
contemporary debates about the impact of industrial food systems on species like 
the monarch, and reveal a contested set of cultural and material discourses that 
inform larger concerns about human-environmental relationships and visions of our 
interspecies future.
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3.1 � Introduction: Shared Landscapes and Shared Lives

The monarch butterfly (Danaus plexippus) is among the most recognized, studied, and 
loved of all of North America’s insects. Children study monarchs in school. Researchers 
and citizen scientists track their migration and breeding. Conservationists and government 
agencies are concerned about threats to breeding, migration, and wintering habitats. 
(U.S. Forest Service 2023)

Non-human species are embedded in our culture, institutions, and ecosystems, and 
serve as a way for us to debate the relative merits of different forms of environmen-
tal action. When we portray organisms as charismatic or troublesome, endangered 
or invasive, we give them a role in the social and ecological dramas at the center of 
our environmental conflicts. At the same time, these non-human entities have their 
own roles and agency, which help to bring us into shared lives with them, especially 
via the extensive built environments that we co-create and cohabitate. In this chapter 
we use the case of the monarch butterfly to explore the role of organisms in environ-
mental debates and, more broadly, the construction of cultural and material dis-
courses around technology and nature. The monarch is a useful example because, as 
highlighted in the quotation above from a public-facing page on the U.S. Forest 
Service website, monarchs bring together a wide range of humans and institutions 
with interests and concerns about this insect. The monarch has several physical 
properties, including its relatively large size, its characteristic orange and black col-
oring, and its migratory behavior that make it among the most familiar insects in 
North America. In addition, monarchs have important ties to the built environ-
ments—especially agricultural landscapes—that humans have constructed over the 
past two hundred years. This constructed environment and the related physical pres-
ence of these butterflies make them a part of people’s lived experience and connect 
them to a sense of place and the rhythms of the natural world. Monarchs are also 
prominent in important institutions, especially connected to education and market-
ing, where one can encounter them on an almost daily basis. Finally, monarchs are 
the subject of scientific research and debates about their behavior and ecology, and 
citizen science projects that track the insects bring a wide range of participants into 
dialogues and activism related to their conservation. Each of these key properties of 
monarchs and their place in our built environments and institutions give them a kind 
of power based on our shared lives and concerns about shared futures.

Scholarly work on the role of materiality in scientific and environmental contro-
versies has highlighted the importance of “non-human actors,” including non-
human organisms, for helping to shape what are typically seen as human-centric 
debates and decisions about worldly phenomena. Though the attribution of agency 
to non-human entities and objects has been controversial, the larger point that 
“stuff” has an important influence on the behavior and perceptions of humans is an 
important corrective to a radically constructivist view of how we determine reality. 
At the same time, in this paper we illustrate the contingent power that organisms 
such as butterflies can have on environmental debates. Because our understanding 
of butterflies like the monarch is so fundamentally embedded in our own institutions 
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and discourses, even the attribution of butterflies’ agency is circumscribed by 
humans’ exchange of symbols and meanings. While the monarchs play a significant 
role in these debates, it is not because they demand to do so, or even ask to do so; 
rather, humans construct the context in which monarch agency comes to matter in 
our contestations about the future. Understanding that mix will allow us to better 
analyze why the monarch shows up so prominently in our discourses.

Overall, the cohabitation of monarch butterflies and humans helps us see how 
concerns about our multispecies future are envisioned and debated in the context of 
a specific organism and its place within complex engineered ecosystems. Agricultural 
transformation helped bring the monarch into public consciousness and made it a 
familiar visitor to our daily landscapes; new agricultural technologies are perceived 
to threaten it. While butterflies participate in these debates through their material 
presence, activities, and vulnerabilities, they do so through a complex and extensive 
array of human-driven institutions, agendas, and priorities. We term this interface of 
human and insect actions and agendas as interspecies agency, a space that animates 
care, concern, and action linking humans and butterflies. By mapping this frame-
work, we can then examine the monarch as a case study for how humans work out 
their unease and uncertainties about specific ag-biotech innovations and the futures 
they forecast.

We focus on the case of agricultural biotechnologies because these technologies 
have been connected to the monarch via a series of studies and reports that raised 
concerns about the potential impacts they pose for the monarch. Transgenic crops, 
including especially engineered versions of corn, cotton, and soy, first became com-
mercially available in the U.S. in 1996, and, in the subsequent two decades, have 
been widely adopted on U.S. farms and, increasingly, on farms throughout the 
world. Shortly after these technologies were rolled out to the U.S. market, in 1999, 
a group of agricultural scientists working at Cornell University published a research 
brief in the journal Nature, reporting on laboratory experiments in which monarch 
butterfly larvae were fed milkweed leaves covered with pollen from transgenic corn 
(Losey et al. 1999). The Cornell researchers, headed by John Losey, an entomolo-
gist, found that nearly half of the monarch larvae died after 4 days of feeding on 
leaves laced with pollen from transgenic corn, whereas other larvae fed non-
transgenic pollen in a control group all survived. The article immediately attracted 
a great deal of media coverage and generated an intense amount of controversy. 
Anti-biotechnology activists quickly fixed on the colorful and well-known butterfly 
as a symbol for the dangers of transgenic crops, arguably bringing the issue of trans-
genic foods to a much more prominent position in the United States (especially 
when compared with the level of attention to transgenic foods in Europe and Japan 
during this time).

At the same time that environmental activists and the popular press were running 
with the story, portraying the monarch as a “Bambi” of the insect world already 
threatened by decreased habitat and overuse of agricultural pesticides, a counter-
movement quickly began to respond to the publicity surrounding the study’s results. 
Following publication of the Nature paper, colleagues at Cornell, other research 
universities, and biotech corporations rushed immediately to caution the 
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public—through statements to reporters and opinion columns published in industry 
and scientific publications—against overreacting to the Losey group’s study. 
Invariably, critics of the Nature article noted the “artificial” context of the research, 
given that the monarch larvae in the experimental group had no choice as to what to 
eat or where to eat it—unlike butterflies in a more “natural” setting. These critics 
questioned the amounts of transgenic corn pollen that the larvae were exposed to 
and emphasized the need for more research on just how important cornfields are as 
habitats for monarchs “in the real world” (Monsanto 1999; Shelton and Roush 
1999; Shelton and Sears 2001).

While this controversy is the most prominent of those that brought agricultural 
biotechnologies and concerns about impacts on monarch butterflies and other non-
target organisms into the public view, monarch conservation has remained a topic of 
interest since 1999, with ongoing concerns about habitat loss and the secondary 
effects of ag-biotech on monarch populations. We trace these debates via multiple 
methods and data sources, including 27 interviews with scientists, administrators, 
and policy makers based in U.S. and Canadian universities as well as the 
U.S.  Department of Agriculture (USDA) and Environmental Protection Agency 
(EPA). These interviews also included discussions with representatives from three 
agricultural biotechnology corporations that were (and are) key players in the tech-
nology of Bt corn. This series of interviews was designed to represent the views of 
the “core set” of players involved in the monarch controversy, or those participants 
who had the strongest voice in the details of how the controversy developed (Collins 
1985, Nelkin 1995).

In addition to the interviews, we rely on an archive of news media content col-
lected from 1999 through 2012, using keyword searches in the Lexis-Nexis data-
base. Terms such as “monarch,” “bt corn,” and others generated a list of news 
articles and press releases from international sources. This content was then ana-
lyzed using MAXQDA, a qualitative data analysis software package that allows for 
coding and analysis of textual data. Patterns in the discussion of monarchs in this 
media content, such as their physical characteristics, migratory behavior, and threats 
to their habitat, were tracked as discrete codes. These codes, in turn, form a partial 
basis for the broader discourses described in this chapter.

3.2 � Monarch Butterflies: Charisma and Concerns

The term “charismatic megafauna” is often used to describe the role of organisms in 
human culture, emphasizing the place of particularly well known signature species 
in shaping broader public awareness and concern. Typically these megafauna 
include species such as whales, bears, large cats, and elephants—organisms that are 
the frequent subjects of nature documentaries, children’s books, and the symbols of 
prominent environmental interests (such as the World Wildlife Fund’s panda, 
Greenpeace’s whale, etc.; see Fig. 3.1 below for the former logo used by the Union 
of Concerned Scientists, which featured a monarch alit on planet Earth). Prior 
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Fig. 3.1  Union of 
concerned scientists logo, 
featuring a monarch 
butterfly

research shows that charismatic megafauna influence not only public perception of 
which organisms are the most interesting or important (Mitman 2009; Hosey et al. 
2020) but also the direction of research in fields such as conservation biology 
(Ducarme et al. 2013; Shriver-Rice et al. 2022). In this way, our perceptions of the 
importance of organisms both shapes and is shaped by the production of knowledge.

But what makes some organisms charismatic and others not so charismatic? 
Clearly a pet can be quite lovable and engaging to its owner but unattractive, annoy-
ing, or even repulsive to others with no relationship to the animal (Herzog 2010). 
Charismatic organisms do not necessarily appeal to everyone, but they have a broad 
familiarity and attraction to a larger public, and their charisma is not typically 
invested in a single organism. Instead, the entire species is invested with properties 
that form the basis for their charisma, and we must question and theorize these 
properties in order to better understand how a species can draw us to it. The most 
readily apparent aspects of a species’ charisma are its physical properties—charac-
teristics such as size, shape, coloring, behaviors, and other physical markers that we 
find appealing, perhaps because they remind us of human characteristics and behav-
iors (Lorimer 2006, 2007). This certainly contributes to the charisma of the mon-
arch butterfly, which are renowned for their relative size, striking orange and black 
coloring, and migratory behaviors (Fig. 3.2).

But it would be a mistake to stop here or to overemphasize the importance of 
monarchs’ physical characteristics; they are not the only beautiful butterflies that we 
might encounter on a walk through a field or forest. By reducing the charismatic 
power of organisms to their material properties, we risk missing how they are 
embedded in a network of institutions and cultural practices that supports and 
amplifies their charisma.

The touchstone for understanding the social basis of charisma is Weber’s (1978) 
work on authority, where he discusses charisma as one of three possible sources for 
the legitimacy of power. In contrast with the two other key forms of authority that 
he defines — traditional and legal-rational — charismatic authority is based more 
on the individual characteristics of a leader and the specific aspects of personality, 
appearance, and manner that project an aura of leadership (Weber 1978: 241). 
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Fig. 3.2  A monarch butterfly. License: CCO Public Domain, Franziska Pätzold (2023)

Therefore, in Weber’s view, charismatic authority is more mercurial and more 
dependent on the attribution of legitimacy from subjects of this power than other 
forms of authority, because it has a lesser foundation in social institutions, such as 
the laws, customs, or practices that may support traditional or legal-rational author-
ity. The “routinization of charisma,” however, can preserve and reproduce charis-
matic authority if the leader and his or her followers put in place an institutionalized 
form of authority before their lives or their charisma come to an end (246; see also 
Thorpe and Shapin 2000). Institutionalization is not the death of charisma; in fact, 
institutions provide the basis for a charismatic afterlife.

This connection between human institutions and the charisma of an organism 
like the monarch raises questions about the role of agency in their impact on human 
perceptions: are we more likely to see an organism as charismatic if it also has prop-
erties and behaviors that are agentic? This question stems in large part from theories 
of non-human agency developed in the actor-network theory (ANT) approach, espe-
cially in the work of Callon, Latour, and Law. ANT posits a strong view of agency 
attributable to organisms and things that we would not normally think of as espe-
cially active—a speed bump slows us down or a scallop must behave in a certain 
way to align with the interests of researchers (Latour 1984, 1992, 1993; Callon and 
Law 1986; de Laet and Mol 2000; Sayes 2014). Thus, non-humans may be enrolled 
in the network of laboratory practices and emergent facts of scientists and other 
human actors, but they do not enroll just because humans want them to. If scientific 
and technical achievements are based in a complex web of intersecting interests, 
then ANT emphasizes that materiality has a place in this network, too, where non-
human agents delimit the ability of humans to make claims about their behavior. As 
noted by Lorimer (2006: 549), monarch butterflies are particularly well-suited to 
attract human attention, because of their “detectability”—characteristics that 
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include a complex array of variables, including visibility, but also activity range 
(spatial and temporal), etc., which coincide with human activities.

While this aspect of ANT has established the agency of non-humans as a key 
topic of research for scholars working in STS and allied fields, the equivalence of 
human and non-human agency effectively flattens human social action and, in par-
ticular, makes it difficult to develop a cultural theory that could make sense of the 
charisma of non-human organisms like the monarch butterfly, especially when we 
are asked to assume that human and non-human agencies are strictly symmetrical. 
In the context of ANT, charisma is nonsense, because categories of analysis such as 
culture or charisma are epiphenomenon that are ultimately based in chains of net-
work ties (Latour 1984, 1993). Non-human organisms, however, are not in the same 
category as humans when it comes to what might be called “cultural agency,” which 
can be defined as the process of assigning and negotiating meaning. It is unclear 
whether non-human organisms and things can engage in cultural agency at all, but 
humans are clearly the masters of placing any situation within a frame of reference 
that depends on a web of meaning.

In this context, monarchs can be said to have agency, but it is a fragile agency, 
circumscribed by human priorities and action. In addition, the kind of insect agency 
we are interested in here is almost entirely at the species level; an individual mon-
arch certainly acts according to its own impulses and instincts, but a single butter-
fly—or even thousands—did not create the web of meanings and resources that 
humans tap into when thinking about monarchs. Instead, the collective numbers and 
successive generations of monarchs is the basis for the complex relationship 
between humans and these butterflies. Perhaps the best way to sum up these rela-
tionships and interactions is through the term interspecies agency, to emphasize 
that monarchs and humans both have agency, have acted in collective and interde-
pendent ways to create complex ecologies, and set a context where humans can 
worry about, plan for, and act on the place of monarch butterflies in our lives and in 
our world. Our conception of interspecies agency is allied with the recent work of 
other scholars writing about the complex ways that humans and nonhuman (or 
more-than-human) species interact and might even be seen to collaborate and inter-
depend (Haraway 2013; Vogel 2016; Blattner et al. 2020; Wadham 2021; Galusky 
2022; Preston 2023).

Ultimately, the monarch’s charisma is built and sustained through the interspe-
cies agency that co-creates spaces where humans and these butterflies interact in 
schools, media messages, engineered landscapes, and scientific knowledge. It is the 
basis of an interspecies discourse that includes language and culture, ecologies, 
organizations, and infrastructures in a web of meaning and materiality, providing a 
set of resources for us to debate and understand the place of monarchs in our lives. 
Monarch butterflies enchant us through their appearance, their behaviors, and their 
presence in our landscapes and culture, creating a system where we can make mean-
ing and assign value to the butterflies and our connections to them. When we learn 
about and perceive risks to a species like the monarch, their fragility as an insect that 
seems to flit about aimlessly on the wind and the many hazards that they face due to 
human manipulation of their environments emphasizes their precarity and our fears 
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about the risks of unchecked environmental change. These concerns have been 
especially public and controversial in the context of transgenic crops such as engi-
neered corn and soy that have been portrayed as directly threatening to monarchs or 
more indirectly damaging to their ecologies. We turn to those particular human-
shaped landscapes that have contributed to the process of making monarchs mat-
ter—as both a material and symbolic presence.

3.3 � Monarch Bodies in Engineered Landscapes: 
The Material Basis of Interspecies Agency

Though we have to this point described the monarch butterfly as a single species, 
subpopulations of the monarch with distinct behaviors and genetics are now spread 
through the Americas, Pacific Islands, and Oceania. Recent genetic testing on mon-
arch butterfly populations shows that they developed their migratory behavior 
around two million years ago, establishing the pattern of annual migration from 
Mexico to the upper United States and Canada. Subsequently, the monarch spread 
to other locales, establishing subpopulations that are non-migratory (Zhan et  al. 
2014; Freedman and Kronforst 2023). Our story in this chapter is focused on the 
migratory population in North America, not only because its behavior puts it in 
contact with many human populations across North America, but also because of 
the geographic overlap between monarchs and the development of industrial agri-
culture in the nineteenth and especially in the twentieth century. In this section, we 
demonstrate how both the physical characteristics and migratory behavior of the 
monarch butterfly make it significant as an icon while also showing how the land-
scapes of North American agriculture have shaped the interaction of humans and 
butterflies over the past hundred years and more of industrial agriculture and chang-
ing land use patterns.

3.3.1 � The Monarch as a Beautiful and Mysterious Migrant

To make an obvious but important point—the monarch butterfly is a large, colorful 
insect that catches one’s eye when floating on the wind through a garden or field. In 
addition to its striking orange and black coloring as a butterfly, its larval stage 
includes colorful white, black, and orange alternating stripes (see image in Fig. 3.2 
above; Oberhauser and Solensky 2004: vii). These patterns are meant to signal pred-
ators that monarch larvae and butterflies are unpalatable and toxic, but they also 
present to us a very recognizable form that many monarch admirers find beautiful. 
Indeed, descriptions of monarchs’ coloring and perceived beauty are very common 
in the media depictions of monarchs found in content analysis for this project. 
Variations on the terms, “beautiful,” “colorful,” and “majestic” appeared in many of 
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the news stories that featured questions about the impact of transgenic corn on mon-
archs. In this example, from a story published in London’s Daily Mail in the sum-
mer of 2000, journalist James Chapman wrote about a follow-up study to the Losey 
group experiment (Jesse and Obrycki 2000), which also presented data showing the 
possibility of toxic impacts on monarchs from Bt corn:

GENETICALLY modified crops were at the centre of a new safety scare last night after 
scientists proved they can kill one of the world’s most beautiful butterflies.

—“Butterfly Beauty is Poisoned by GM Crop Pollen” (Chapman 2000)

Both the title and the lead for this article emphasize a contrast between the inherent 
beauty of the monarch and the danger facing it from agricultural biotechnologies. 
This contrast plays on a tension between human-generated interventions, such as 
transgenic crops, and the ideal of nature as represented by the monarch. In this way 
the monarch stands in for nature, serving as a symbolic warning system that is 
meant to alert humans to the consequences of agricultural biotechnologies. In this 
interview with an entomologist who was a key player in the monarch controversy, 
the same themes of recognizability and perceived threat are emphasized:

You can say to someone, “What’s a monarch butterfly?” in North America, and they would 
say, “Oh, that orange and black one and it migrates … somewhere down south.” Everybody 
understood right away. So it really is a mark of … a healthy environment. It’s like talking 
about a bald eagle for crying out loud you know.

—Author interview with entomologist (2004)

This entomologist ends the quotation with a comparison between the monarch and 
the bald eagle, the national bird of the U.S. and a key symbol of American power. In 
the same way that birds were portrayed as an early warning system for nature in 
peril starting in the 1960s, and especially through their representation in Rachel 
Carson’s Silent Spring (1962), here the monarch is depicted through the same frame 
of prominence and endangerment. In the wake of the monarch controversy triggered 
by the publication of the Losey group study in 1999, activist groups opposed to the 
use of transgenic crops quickly adopted the monarch as a direct way to tap into this 
connection between monarchs, nature, and the threats posed to each by biotechnolo-
gies. Protestors dressed in the colors and patterns of monarchs when participating in 
demonstrations against the technology; for example, a major protest centered 
around a biotechnology industry summit in Sacramento, in 2003, attracted thou-
sands of activists from a diverse array of NGOs and anti-globalization groups. The 
monarch provided a way for these protestors to draw on the same theme of nature in 
peril as depicted in the examples above.

In addition to this focus on the physical characteristics of monarchs and how they 
visually trigger associations with nature, the unique migratory behavior of the mon-
arch butterfly is also a key feature that makes the monarch compelling to us, but also 
puts them in the same environs where humans live, allowing us to see and interact 
with them. The ecology and lifecycle of the monarch includes an annual migration, 
from mountain forests in Northern Mexico to points as far north as Canada—and 
back again—that makes them rare in the insect world (see Fig. 3.3 below). This 
migratory behavior was not fully appreciated until the 1970s, when broader 
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Fig. 3.3  Migration patterns of North American monarch butterfly populations (Monarch 
Watch 2023)

attention to the phenomenon was generated through the discovery of the monarch 
overwintering sites in the mountain forests of Michoacán, Mexico, and published in 
an issue of National Geographic with an iconic cover photo (see Maeckle 2012, for 
the story of this cover, along with other related images of Catalina Trail and Monarch 
butterfly roosting sites). Since that “discovery” (local groups had obviously known 
about the monarchs for a long time), concern about deforestation and other threats 
to the migratory behavior of the monarch has continued to draw attention to dangers 
facing the species. More recent research showing the loss of habitat in the “corn 
belt” spanning a large portion of the American Midwest and southern Canada also 
questions the long-term viability of the migratory path of the monarch (more on 
this below).

The monarch’s annual migration and, especially, the contrast between their long 
journey and the slight build of the butterfly body provide a fascination for many 
writers collected in the content analysis portion of this project. At the same time that 
monarchs are frequently described as “hardy” or “enduring,” they are also portrayed 
as “fragile” and “delicate.” In this excerpt, from an editorial by popular Canadian 
science and nature writer David Suzuki, the monarch migration is, again, made to 
stand in for the wonders of nature:

There’s also much to celebrate about the monarch butterfly, even though these fragile 
insects have flown close to the plane of death in recent times. Populations have been reduced 
by as much as 90 per cent in the past, but there’s still hope. That these delicate creatures can 
make such an arduous journey is in itself a wonderful story of survival and the mysterious 
workings of nature.

—“Celebrate Life and Butterflies on Day of the Dead” (Suzuki 2010)
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Suzuki’s reference to the “mysterious” qualities of the monarch is also a frequent 
theme, where their migratory behavior is described as a beautiful mystery in its own 
right. Because scientists researching the monarch have only known the location of 
their overwintering site for a few decades, and there are still many unanswered 
questions about monarchs’ ability to navigate the journey each year, many news 
items feature quotations that state, “it’s a mystery,” in response to questions about 
the migration.

3.3.2 � Monarch Butterfly Habitat in the Context 
of Industrial Agriculture

Overall, the monarch is, as described above, a powerful visual trigger, associated 
with meanings related to beauty, health, and nature. But other butterflies are pretty, 
too. Why have those same insects—for example, the lovely yellow swallowtail—
not captured our attention in the same way as the monarch? The Eastern swallowtail 
is more likely to be found in forested areas, where it lays its eggs for larva to feed 
on the leaves of trees. The monarch, however, has a migratory pathway that puts it 
in close proximity with patterns of human land use that have made them denizens of 
cornfields and suburbs.

Figures 3.3 and 3.4 help to demonstrate this overlap; Fig. 3.3 shows the migra-
tory path of North American monarchs, and Fig. 3.4 shows (in shades of green) the 
United States counties with the highest intensity of corn production.

These maps explain in part how and why monarchs are a compelling symbol for 
many: humans recognize the monarch as familiar and charismatic because we built 
ecosystems where we, for a time, coexisted with them. The monarch’s migratory 
behavior coincided with a massive reengineering of the North American landscape 
during the nineteenth and twentieth centuries. What we know today as the American 
corn belt was once largely grassland prairie that has since been converted to agricul-
tural production and human development. The human introduction of corn into 
North American ecosystems has a long history, from the first cultivation of corn’s 
ancestor, teosinte, in Mexico many centuries ago, to Native Americans’ dependence 
on corn as a subsistence crop before European colonization, to the adoption of the 
crop by those same colonists in the centuries leading up to the industrial era. With 
the advance of European settlement through the middle-west region of the United 
States in the nineteenth century, corn began to take over large regions of North 
America and has only increased its presence through the early twenty-first century. 
Agricultural technologies, such as mechanized production equipment, synthetic fer-
tilizers and pesticides, and biotechnologies, boosted the productivity of corn farm-
ers and their land throughout the twentieth century, leading “king corn” to its 
contemporary status as the number one crop commodity produced in the US.  In 
2023, US farmers planted 94.9 million acres of corn, comprising approximately 4 
percent of all US land (USDA ERS; USDA NASS). This represented an increase of 
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Fig. 3.4  Map depicting U.S. counties where the most corn is grown (USDA 2023)

28 percent since 1990 (when 74.2 million acres of corn were planted), due in large 
part to the role of corn and corn byproducts in food production as well as US poli-
cies supporting the production of biofuels such as corn-based ethanol.

Despite the disruption of native ecosystems through this transformation, where 
many of the species of prairie grasses were displaced, the corn belt actually pro-
vided an important habitat for the monarch and the milkweed on which it depends. 
Monarch butterflies lay their eggs on milkweed leaves, where their larvae hatch and 
feed. Toxins present in the flesh of milkweed provide monarch larvae and adults 
with a kind of built-in resistance from predators that find their taste unpleasant; 
these same toxins can be harmful to livestock if eaten in large quantities, and so a 
number of U.S. States and Canadian Provinces at one time designated milkweed as 
a “noxious weed,” which mandated the control and eradication of the plant. Despite 
these policies, the corn belt actually created an enormous habitat for milkweed and 
the monarch, as the plant commonly grew in and around corn fields (Hartzler 2010). 
This meant that the human transformation of the great American prairie reserved a 
place for monarchs, and kept them present in the daily lives of many humans 
throughout the months when monarchs migrate through the U.S. and Canada. In 
fact, the rise of suburbanization in the U.S. during the late twentieth century meant 
that many communities were built on land that was formerly agricultural, especially 
throughout the corn belt (Emili and Greene 2014). In the twenty-first century, the 
corn belt is also shifting west into land that was previously pasture and prairie, rais-
ing concerns about the impact of this land conversion on wildlife populations and 
wetland ecologies (Wright and Wimberly 2013; Hunt et al. 2020; Lark et al. 2020).
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Since the introduction of transgenic corn and soy, however, the corn belt ecosys-
tem has experienced a rapid transformation, shifting the role of milkweed in this 
ecology. Beginning with the introduction of herbicide-tolerant soy and insect-
resistant corn in 1996, more and more growers have adopted these transgenic tech-
nologies and used them in tandem with each other. So, for example, a grower who 
in the past mainly planted corn on their land now more often rotates soy and corn in 
alternate seasons. Because the soy—and increasingly the corn, too—is designed to 
be herbicide tolerant, the grower can use more herbicide on their crops, meaning 
that fewer milkweed plants are proximate to these fields than before the introduction 
of transgenic varieties. The loss of milkweed means a direct impact to monarch 
populations, and, in fact, recent research shows that monarch populations are declin-
ing, due in part to this loss of habitat through the corn belt (Hartzler 2010; Lark 
et al. 2020). Many gardeners are now planting their own milkweed to help support 
the monarch population (see below), though the scale of these plantings are neces-
sarily quite small compared with the sheer size of the ecosystem once provided by 
corn production.

This shifting dynamic between corn and monarch habitat points to the complex 
political ecology linking human behavior with that of other organisms, such as the 
monarch, and how the physical characteristics of a butterfly, as described above, are 
embedded within a system of biological, political-economic, and cultural forces 
(Rissing 2021). At the same time, the presence of organisms within a human ecol-
ogy is not a precondition for us to consider them charismatic; many of the seem-
ingly most charismatic animals are in habitats where humans are not present or are 
rare, such as whales in the ocean or polar bears in the Arctic. These are examples 
where those humans who do come into contact with the organisms do have a strong 
interest in the ecological and often economic consequences of this interaction. 
Whether for hunting, tourism, or impact on another species (such as wolves preying 
on ranchers’ livestock), the connection between human material interests and other 
organisms’ ways of being in the world may, in turn, shape our perception of them, 
making them seem beautiful, dangerous, or threatened. To more fully understand 
the charisma of organisms and where it comes from, we need to see how human 
institutions shape our beliefs and ideologies about them.

3.4 � Monarch Bodies in the Classroom and the World: 
Cultivating Charisma

As we explore above, the charisma of the monarch emerges through the intersection 
of butterfly characteristics and human practices that become entangled. Trends in 
agricultural practice, shifts in human settlement patterns, and concerns about tech-
noscientific change map onto the life cycle of an organism that we have come to 
care about. This intersection appears to be an artifact of co-incidence. The butter-
flies showed up, their activities coincided with agricultural practices that may have 
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heightened their precarity, and we noticed. But the charisma of the monarch is also 
the product of more intentional efforts to bring the organism into human awareness, 
through educational systems and pop-cultural images that cultivate a specific place 
for the monarch within human institutions. In turning to these institutions, we can 
see the development of an increasingly entangled sense of interspecies agency, as 
we learn more about how monarchs develop, how risks shape their continued exis-
tence, and how humans adapt their own practices and expectations in light of these 
relations.

The monarch plays an outsized role in the educational environment in the United 
States, especially in grade schools. Many of us, in the US educational context, have 
participated in monarch rearing or releasing activities in grade school. We see that 
there are efforts across the country to use this insect as a means of conveying lessons 
about ecosystem functioning, the life cycle, migration, and other key environmental 
and biological concepts. Teachers create lessons incorporating the monarch into the 
classroom (the Monarch Teacher Network includes 3.5  k people in their public 
Facebook group). Every year, thousands of young students learn about the life cycle 
through the metamorphosis of monarch butterflies, in many cases actually rearing 
monarchs from eggs to watch first-hand the larval, pupa, and butterfly stages of the 
organism’s transformation. Students then release the butterflies, and can imagine 
them joining the great migratory flow. They learn that monarchs are special; they 
can develop a fascination with the butterfly’s life cycle based on the experiences 
they have with them in the classroom. The monarch resonates as a symbol of the 
non-human world and our concerns for it.

There is a relatively common curriculum that introduces these facets of the mon-
arch to the US student, which illustrates the life cycle (egg, caterpillar, chrysalis, 
butterfly) and the process of care and emergence. The monarch occupies a place in 
the educational system that lends itself to being the focus of our concerns. To quote 
the US Forest Service again, “The monarch butterfly (Danaus plexippus) is among 
the most recognized, studied, and loved of all of North America’s insects. Children 
study monarchs in school. Researchers and citizen scientists track their migration 
and breeding. Conservationists and government agencies are concerned about 
threats to breeding, migration, and wintering habitats.” Here are several key exam-
ples of how the monarch gets incorporated into human systems, related to recogni-
tion, education, and concern. We learn about the monarch, we adopt practices that 
keep it visible, and we incorporate this awareness into our legislative bureaucracy.

The use of the monarch for this purpose is no accident, and connects to the explo-
ration of charisma above—there are a variety of factors that help make the monarch 
more compatible with human experiences, including the relative speed of their 
development from pupa to butterfly, the low cost of supplying the insect to class-
rooms, and the migratory spread of the insects. Importantly, people are also often 
familiar with this butterfly outside of the classroom, and so educators can tap into 
this presence (how easily they can be spotted, how distinct they are from other spe-
cies, how geographically dispersed they are, how compatible their active times are 
to human active times). That charisma is also magnified because of these educa-
tional settings, where people are trained to look for and cherish these beings. This 
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learning, the incorporation of the monarch into educational and pop cultural sys-
tems, can be parceled in the same kind of conceptual categories as we explore above 
in terms of how this interspecies agency develops: what is at risk (precarity), includ-
ing those characteristics of the butterfly bring to this relationship, and what role we 
humans have in promoting the persistence of this species (human responsibility). 
We take each of those in turn.

The fragility [precarity] of the monarch appears to be a part of the general 
learning experience of the butterfly in the classroom—the paper-thin wings, the 
squishable caterpillar, the perilous migration for thousands of miles (see, for exam-
ple, the “Butterfly Threats worksheet”, Cooper n.d.). The possibility of disruption 
has long been a staple of the learning associated with the monarch, and so it’s little 
wonder that issues surrounding transgenic crops intersected with this beloved crea-
ture. The precarity has always been a part of the story (Monarch Watch, an organiza-
tion whose mission involves providing “the public with information about the 
biology of monarch butterflies, their spectacular migration, and how to use mon-
archs to further science education in primary and secondary schools,” was founded 
in 1992, and has a major focus on habitat loss). This cultivation of concern, that 
monarchs are something to be looked at and looked after, forms a key characteristic 
of the being’s charisma. It occupies this place in these institutions (see Fig. 3.1, above).

A child in school learns to treat the caterpillar, and later the butterfly, with care, 
attending to its needs—even to love these beings. Grade-specific lesson plans vary, 
but gradually introduce students to natural systems that the monarchs depend upon 
and on the aspects that threaten them. K-2 lesson plans focus on life cycle ele-
ments—learning about the biological components of the monarch’s transition from 
caterpillar to butterfly, and then move out into local habitat and how students can 
cultivate butterfly gardens. As students get older, more lessons include larger eco-
logical disruptions and other threats to the resilience of the monarch. Students learn 
to become more broadly aware of global environmental effects and the risks to the 
butterfly population. The concerns broaden, and students learn about the intercon-
nectivity of habitats and practices for such a migratory species. Monarchs are also 
used to introduce young students to the interconnectivity of North America, with 
migratory patterns allowing students to not just trace the flight of the butterfly but 
also to see that the actions locally impact beings across the continent. Media sources 
expressing concern about the Monarch around the time of the transgenic crop con-
troversy indicate potential risks from logging in Mexico, as well as transgenic crops 
(in terms of habitat loss and the spread of herbicides—see Miller 2006; Wikston 
2008). More contemporary sources with a greater focus on the climate crisis point 
to similar human practices, such as logging and agricultural practices (see Vaughn 
2021; Schanen 2023; Diaz 2021; Viswanathan 2022; Pellegrino 2021). This learn-
ing process contributes to the kind of charisma that the monarch develops, as stu-
dents learn about the butterfly, but also learn that this entity is delicate and in need 
of being watched over and cared for.

Importantly, the monarch within educational systems helps to illustrate this inter-
species agency that we lay out above. The actions that monarchs play are not simply 
at the express direction of humans. A meaningful part of the experience with 
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monarchs in the classroom or laboratory helps to illustrate a natural world that is not 
simply at the direction of humans. There is an entanglement that is established—a 
sense that the monarch needs a certain set of conditions in which to thrive, but then 
will do so on its own time and in its own way. The monarch lesson is one of precar-
ity, surely, but also one of a lifeform that, under the right conditions, can be a source 
of wonder and resilience in the face of obstacles. As MassAudobon phrases it, 
“[Monarchs] are symbols of both fragility and strength” (Wiseman 2019). The mon-
arch lesson is also one of failure—where students learn that things cannot always go 
to plan, and that we have to live within that possibility that we will not get the results 
we hope (or when we hope for them). Monarchs die. Tracking fails (see below). 
Students confront the problems associated with trying to care for another life. This 
is a part of the learning that is central to the integration of the monarch experience 
within the classroom setting.

The engagement with butterflies in the context of education has many of the 
explicit lessons articulated above, but also involve more ancillary lessons that are 
critical to establishing the difference of the Monarch. For those encounters that 
occur in butterfly kits, in the classroom, there is the sense of anticipation that comes 
from waiting. As one educator put it, “I hope my students and parents always refer 
back to that September experience with the Monarchs, and remember when that 
butterfly emerged from its chrysalis—when it was ready. It’s a beautiful lesson to 
learn, and it would be a shame if it disappeared” (Gikas, quoted in Feely 2010). 
These are the potential outcomes, and the possible recognition that these beings are 
of themselves and develop on their own time and patterns. We come to love them in 
the sense articulated by Iris Murdoch: “Love is the extremely difficult realization 
that something other than oneself is real” (quoted in Jamieson and Nadzam 2015, 
p. 204). Humans can get in the way, or we can help to create the conditions of pos-
sibility (more on this below), but the butterfly plays its part in realizing any potential.

There is an interspecies element even here, however, in the ways that human 
institutions bracket these experiences and make them possible as such. We are able 
to see the monarch as an example of independence and interdependence because of 
the educational structures that make such lessons possible. We come to know the 
monarch as a being that is a mix of strength and vulnerability—ones that can thrive 
under the right conditions, but need a little help ensuring that such conditions exist. 
That help can come from humans or from weather patterns and other conditions 
related to larger global systems. As Lewis (a professor of entomology at Iowa State 
University) noted, “Butterflies are not fragile critters, but they do need some gentle-
ness in their environment, which often means absence of spectacular storms, espe-
cially at the time when the butterflies are reproducing and the tiny caterpillars are 
establishing” (quoted in Branom 1999).

Part of the educational incorporation of the monarch involves the roles that stu-
dents, and humans more generally, can and should play in the flourishing or protec-
tion of the butterfly—an articulation of our individual and collective responsibility, 
where our human agency intersects with the butterfly’s. This is the means by which 
interspecies agency can be realized. Our educational systems establish modes of 
interacting with the monarch and contributing our own actions to their possibility 
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and well-being—as such, the precarity of the butterfly is entangled with our respon-
sibility to its continued existence. We can see this development mimic, to some 
degree, the life cycle stages of the butterfly itself, as lesson plans geared toward 
differing levels of students increase in complexity and impact through time. We 
learn specific ways to condition our own actions, helping to create the context in 
which a certain type of butterfly existence can be established. There are four inter-
related modes that form the structure of our responsibility: emergence, surveillance, 
cultivation, and protection.

Emergence (guiding the butterfly into existence): most lessons integrating but-
terflies into the classroom start with a monarch butterfly kit, which allows students 
to observe and participate with the monarch life cycle. Swallowtail Farms, Inc., sells 
what they call a “butterfly zoo.” Educational Science has a “butterfly farm.” The 
human role in curation and cultivation is foregrounded in both references. Generally, 
kits include monarch caterpillars and some type of viewing apparatus, which allow 
students to see this process in action, while participating in the care for these crea-
tures. For example, they have to provide for the feeding of the caterpillars, with kits 
noting that milkweed is either included or required. Monarch Watch sells “rearing 
kits” that do not include milkweed, but instead have this caveat: “You must have 
fresh, incontaminated [sic] milkweed for your caterpillars ready when they arrive.” 
Humans are invited into the lives of the butterflies, to help bring them into the 
world, which reinforces both the precarity of the being, and our role in bringing it 
into existence in a manner that is safe and durable.

Surveillance (creating modes of tracking during migration): another component 
of the monarch integration within these educational and social systems come in the 
form of tracking the movements of the butterfly on their migration through the mon-
arch watch survey. This process enhances the visibility of the monarch, by extend-
ing its presence. We can see the individual butterflies in the classroom or in the 
garden, but also trace its more species-level travels across the continent. This is an 
important part of the experience, as part of the allure of the insect is the awe that is 
generated from learning that such a seemingly fragile creature can travel such long 
distances. This is part of the monarch story that makes it so compelling—a 
Methuselah generation that travels thousands of miles in the fall to overwinter in a 
place that they have never inhabited individually but is a part of their genetic legacy. 
Students can participate in tracking, by placing tags on their wings prior to migra-
tion, and recording/submitting those tag markings for future data collection (in the 
US, students can place small tags on butterflies that can then be gathered in Mexico 
after the migration is complete). Students can also explore the success rate of such 
tagging (for example, according to JourneyNorth.org, the recovery rates for 
Monarchs tagged in the Eastern US and arriving in central Mexico are 1 in 100), 
examine the complexities of this practice, and participate in a kind of citizen science.

The citizen science aspect is an important part of this entangled agency we’re 
exploring here, as these opportunities to participate in the surveillance of monarch 
migration and behavior (often initiated in formal educational settings) extend 
beyond the classroom. People are encouraged to stay involved and participate in the 
monitoring of butterflies, generating data as a means of tracing population numbers 
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and highlighting areas of concern. The term “citizen science” is evoked explicitly as 
calls to action by government agencies and advocacy groups promoting continuing 
attention (see, for example, the US Forest Service’s Monarch Butterfly Citizen 
Science project involving tagging, citizenscience.gov’s Monarch Larva Monitoring 
Project, Monarch Joint Venture’s Mission Monarch project related to breeding hab-
its, and other “Citizen Science” projects sponsored by JourneyNorth and Monarch 
Watch). There are apps that people can use, in addition to less connected observa-
tion tools. This conception of citizen scientist facilitates the sustained participation 
of individuals, and the continued incorporation of the monarch within these social 
and epistemological spheres.

Cultivation (planting and caring for habitat): another stage in the development 
of human responsibility in the life cycle of the monarch comes in the form of plant-
ing and growing milkweed, in backyard gardens or in other areas, often for the 
purpose of butterflies alone. People are encouraged to think about the needs of mon-
archs, especially in preparation for and during their migration, and to cultivate habi-
tats that will facilitate success. Milkweed gardens, or milkweed in gardens, are 
promoted to help create the conditions for successful monarch populations. Planting 
milkweed for the purposes of aiding monarch populations is advocated in places 
like Better Homes and Gardens, Savvy Gardening, Real Simple, and The Victory 
Garden of Tomorrow (which offers a sign to plant in your garden announcing 
“Milkweed for Monarchs”). The practice is not without its critics—for example, 
Vogt (2022) argues convincingly that people should be sensitive to the entire food 
needs of the monarch (host plants, like the milkweed, and nectar plants, like gold-
enrod, coneflower, and sedge), because it’s not about a monocropped landscape but 
a full ecology. Even here the question is not whether humans should get involved, 
but rather how best to do so. Humans are presented as necessary allies and facilita-
tors to the threatened monarch butterfly population; humans can help create the 
conditions that may allow the butterfly population to thrive, by intentionally plant-
ing milkweed or cultivating a butterfly garden. For example, in a set of lesson plans 
offered by the National Wildlife Federation for K-2 students, their lesson 4, about 
cultivating a monarch garden, is subtitled “A friend in need is a friend indeed” (“The 
Monarch Mission,” A4.1). This also has the added benefit of attracting these crea-
tures to one’s own landscape. This is the kind of integrated double-benefit expressed 
in the interspecies agency that we have been exploring—the butterflies benefit from 
having access to more host plants for their caterpillars, and humans benefit from 
having more beauty in their gardens and communities.

Protection (engaging in advocacy for larger concerns about habitat destruc-
tion—through erasure and through change): a further extension of the development 
of human responsibility comes in the form of more large-scale political advocacy. 
These are the kinds of changes that are more abstract, difficult to produce, but rel-
evant to successful outcomes. The calls for protection at this scale can come as an 
extension of lesson plans, citizen science activity, or general advocacy campaigns 
connected to established groups like MassAudobon, Monarch Watch, Journey 
North, and others. Once precarity is identified, either because of farming practices, 
or logging, or harmful pesticide usage, people are encouraged to promote policy 
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changes and other forms of bureaucratic intervention. This kind of advocacy can 
also result from concerns related to the limitations inherent in these other forms of 
human activity, such as those which emphasize cultivated or captive butterflies (see, 
for example, Preston 2020, 2023): another step in the evolution of the human’s 
entanglement with the butterfly.

These modes of engagement, which are consistent within the monarch’s pres-
ence in the educational system, heighten the concern that people may be primed to 
feel with regard to the butterfly. This is integral to the process of cultivating and 
preserving the charisma of this entity—a process that entangles agencies and manu-
factures a specific form of “being butterflies.”

3.5 � Conclusion: More Fragile Futures

Throughout the paper, we have explored how the charisma of the monarch, expressed 
in the transgenic crop controversy and refracted through human institutions, can be 
understood as a form of interspecies agency. The butterfly is not simply an expres-
sion of human desires and activities; the monarch acts in the world on its own time 
and for its own ends. The butterfly exhibits that agency, however, within a vast array 
of human institutions and attitudes that help give it shape for us; the monarch is 
entangled within these systems that modify ecologies, modify institutions, and 
modify human behaviors that help to condition the possibility of the insect to thrive 
or be threatened. The monarch’s presence in our world as such, a mark of its cha-
risma, shapes and is shaped by these institutions.

Understanding this entanglement, and some of the contours of this interspecies 
agency, allow us to also understand why our engagement with the monarch can be 
so durable—why our matters of concern may shift, but our focus on the butterfly 
can remain consistent. A contemporary example of this can be found with the cli-
mate crisis, where we once again see the monarch as a symbol of concern and a 
motivator for action. There are, clearly, significant differences with the transgenic 
corn debate. For example, unlike with transgenic crops, there exists a basic scien-
tific consensus around anthropogenic climate change (as both happening and as 
suboptimal). But from the public’s perspective, both realities can be understood as 
a kind of alien force that one has to operate within (we can choose, for example, to 
not consume, or plant, or buy, transgenic crops, but we don’t get to choose whether 
these crops exist; we can adapt to the climate crisis, and make certain choices, but 
largely operate in a world where the climate changes—see Vogel 2016). And we can 
see that the reasons we should care about monarchs in this context, and what should 
be done about it, take similar shapes.
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3.5.1 � Why We Should Care (Value and Risk)

In terms of the climate crisis, we can see the monarch butterfly promoted as a matter 
of concern—an entity under threat from a changing climate and associated human 
behaviors, and worth saving because of its place in human culture and in ecological 
systems (as a pollinator). For the climate crisis, which is a boundary-crossing, 
global phenomenon, concerns about the persistence of the monarch are linked not 
just to their beauty and desirable presence for humans to witness (see Pellegrino 
2021), but also the central place of the monarch in expressions of cultural heritage 
and the need for international cooperation. For example, the Nature Conservancy 
(2021) article, “Monarch Butterflies Bring Together Conservation and Culture 
Between U.S. and Mexico,” highlights the roles that monarchs play in Mexican and 
Mexican-American cultural celebrations. In particular, due in part to the cyclical 
rhythms associated with monarch migration, the butterfly is linked with celebrations 
of Dias de los Muertos and associated festivals.

The monarch’s precarious circumstance is often linked to anthropogenic climate 
change. This larger change is presented as a complicating factor to already extant 
issues related to agricultural practices and habitat loss due to logging, especially in 
the butterfly’s overwintering refuges in Mexico (see, for example, Vaughn 2021; 
Schanen 2023; Diaz 2021). Habitat change is another major factor, which connects 
to the monarch’s understanding of their environment. A changing climate can make 
environmental cues that trigger migration or breeding less predictable or reliable. 
Weather patterns and the intensification of the water cycle can create a less hospi-
table context for aspects of the butterfly’s life cycle. And even milkweed can be 
disrupted, not just by human agricultural practices, but also in the milkweed’s own 
life cycle and development. For example, unpredictable weather can disrupt the 
plant’s flowering, and warmer weather overall can increase production of milk-
weed’s cardenolide, which can in turn exceed the monarch’s tolerance level, turning 
an important source of food into a toxin (see Viswanathan 2022; Pellegrino 2021).

3.5.2 � What Should Be Done

The context of the climate crisis doesn’t just highlight the value and precarity of the 
butterfly in light of human activities, but also calibrates human responsibility to 
address these issues. As we explored above with regard to transgenic crops, a kind 
of interspecies agency is coordinated—monarchs are understood as beings with 
their own resilience and capacities, but still in need of orchestrated human activities 
in order to facilitate those possibilities. We want monarchs to be a part of a shared 
world, and must play our roles to help make it possible.

We can credit monarchs for being relatively climate resilient as compared to 
other species, all things being equal, because of their dispersal ability, short genera-
tion time, and high reproductive rate (see Advani 2015). Monarchs have capacities 
that enable them to possess a good chance of survival even in the context of these 
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disruptions, at least with the right kind of help (for this argument writ large, see 
Preston 2023). But that’s the rub—we need to shift our own behaviors and priorities 
to enable this possibility. So even in the context of the climate crisis, we can find 
calls for individual and structural actions in support of butterflies. We are encour-
aged to create habitats like pollinator gardens and milkweed patches, especially in 
our backyards and local communities (see, for example, Viswanathan 2022). We are 
encouraged to take part in citizen science efforts, as advocacy groups like Monarch 
Watch and Journey North extend their concern to the present day. And we are 
encouraged to engage in larger advocacy to address the climate crisis, with the mon-
arch as a focus of our concerns—we should seek to develop “climate-informed 
monarch conservation” (“Monarch Butterflies and Climate Change”).

3.5.3 � Looking Forward

We have explored in this paper the ways that the monarch can be viewed as a sym-
bol of our concern for the environment—an environment that is both an expression 
of an otherness, but also a product of human intention and responsibility. One way 
to understand this interaction is as a kind of interspecies agency, where non-human 
entities like the monarch express their own behaviors and characteristics, but do so 
within a set of human institutional frameworks that make those behaviors visible, 
and even possible, as such. Importantly, there has been a durability to that symbol-
ism, as the monarch’s specific kind of charisma has carried through from concerns 
about transgenic crops to the climate crisis and even immigration (see, for example, 
Perret 2023). The value of these engagements with butterflies, however, especially 
ones that entangle awareness of precarity with human action, may be more than 
simply symbolic. They involve contestations about the future we want to inhabit, 
and the ways that we might encourage broader participation in the process of con-
figuring those possible futures. For example, de Meyer, et al., argue that we should 
be moving away from what they call “issue-based narratives” related to the climate 
crisis, and move more toward “action-based narratives”—ones that model opportu-
nities for meaningful action and target capacities within specific communities of 
practice (2020). The goal of these action-based narratives, ones that emphasize what 
people do rather than how they should feel, is not necessarily to undertake profound, 
global-level changes. Rather, the focus on communities of practice give people the 
opportunity to do something congruent with their scale and abilities, and thus serve 
as a means of generating sustained concern and engagement with the larger collec-
tive actions that will be necessary. And that people will feel that the future is not 
something that simply happens to them, but, at least in part, because of them (see 
also Galusky 2022).

One potential promise of this interspecies agency as we have examined it here 
can be in generating these engagement opportunities. People are not just made 
aware of the precarity of monarchs in the face of the climate crisis, but can be cen-
tered as actors who have small but meaningful actions to perform. One element of 
the framework developed by de Meyer, et al., involves ensuring that actions that 
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people take can be experienced as meaningful. And so one of the possibilities con-
tained with this kind of interspecies agency, where human responsibility is entan-
gled with the behaviors and needs of monarch butterflies, is that it may be part of a 
process of creating to promote action-centered narratives that reorient human-
environment relationships in creative and novel ways.
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Chapter 4
Agency and Relationships in Engineered 
Agricultural Ecologies

Christopher Preston

Abstract  Naturalness has long been a slippery concept for both agricultural and 
environmental ethics. The onset of the Anthropocene, where nothing on earth 
remains free from human influence, complicates things at an environmental level. 
The advent of gene editing in agriculture is making things worse. Genetic manipula-
tion that does not cross species lines is touted as a creating a ‘more natural’ 
GMO.  Naturalness is becoming harder and harder to understand. Attention to 
agency and relationships may provide a helpful alternative for assessing the desir-
ability of engineered agricultural ecologies. Agency is dispersed throughout agri-
culture from human to microbial communities. The need to maintain diverse and 
intact relationships between different agents in agricultural ecologies shows prom-
ise as a normative guide. The lens of agency and relationships has the potential to 
find wide support. It invokes parallels with care approaches to ethics and with indig-
enous relationships to plants and landscapes. It also echoes aspects of multispecies 
studies, as well as resonating with ideals in permaculture and organic farming.

Keywords  Agency · Relationships · Ethics · Naturalness · Care · Multi-species 
studies · Indigenous thought

There has long been a friendly friction between environmental and agricultural eth-
ics. One source is the former’s bias towards leaving things as ‘natural’ as possible. 
Non-interference is often environmental ethics’ default. Less human manipulation 
means more naturalness and that has been considered a good thing.

Agriculture, by contrast, always involves interventions into the natural order. 
Clearing land, ploughing soil, and sowing crops creates a landscape that would not 
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have existed without human intervention. Native species are displaced. Ecosystem 
function is disrupted. Domesticated plants take over, kept alive by intensive man-
agement regimes. On the farm, the human hand tightens its grip. At this superficial 
level, farming engineers an ecology that is far from natural, resulting in tension 
between ethicists of the two camps.

Attempting to lessen this tension by defining more precisely the meaning of ‘nat-
ural’ sounds helpful but isn’t. Helena Siipi identifies no less than eight different 
ways to understand ‘naturalness’ and ‘unnaturalness’ (Siipi 2008). Each of them 
puts the emphasis somewhere different. Several of the eight come in gradations. As 
a practical matter, what is natural for one person in one context is unlikely to be 
natural elsewhere for someone else. Siipi concedes her taxonomy is more a concep-
tual than a practical tool.1

Despite the lack of clarity, naturalness still shows up in agricultural ethics. 
Practices such as permaculture, organics, and perennial cropping all claim to be 
‘more natural’ than industrial agriculture by offering less disruption to ecological 
processes.2 More than a few agricultural ethicists maintain affection for the environ-
mental idea that things are better when they are less manipulated.

In the ethics of agricultural biotechnology, the commitment to naturalness also 
appears, if by changing where the ethicist hopes to find it. By considering the plant 
separately from its ecological context, agricultural ethicists have been able to say 
that, although the ecology created by agriculture may be unnatural, the organism 
being cultivated might retain it. For decades, the consensus has been that a plant 
containing genetic material from a different species has lost its naturalness.3 Soy 
with an EPSPS gene,4 maize containing Bacillus thuringiensis, and cotton stacked 
with herbicide and budworm tolerant genes have all, according to this mode of 
thinking, departed from what’s natural. ‘Staying within species lines’ is okay. But 
crossing them is the quintessential unnatural activity. Species lines are nature’s 
inbuilt partitions. Traversing them is wrong.5 Environmental ethicists have tended 
to agree.

The advent of gene-editing has problematized this relatively settled ground. The 
possibility of ‘cisgenic’ gene-edited plants makes ‘staying within species lines’ a 
hazy criterion for naturalness. A cisgenic crop has been genetically modified but 
does not include any transgenes,6 altering a genome merely by ‘knocking out’ or 
‘turning on’ existing genes of interest. These changes could have happened without 

1 Helena Siipi, personal communication.
2 The Land Institute characterize their vision of widespread perennial crops as ‘natural systems 
agriculture.’ See https://landinstitute.org/our-work.
3 In some assessments, the emphasis is on the product and in others on the process that gets you 
there. In both cases, transgenic plants usually come out as unnatural.
4 EPSPS is the enzyme 5-enolpyruvylshikimate-3-phosphate synthase.
5 Attention to this commitment is not always strict. Commercial strawberries are mixture of two 
species of the same genus.
6 A transgene is a gene introduced from another species (https://www.biologyonline.com/diction-
ary/transgene).
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intervention, so the argument goes, through natural evolutionary processes. If cross-
ing species lines is what matters, the plant meets the criterion of naturalness even 
though it has been subjected to laboratory techniques similar to those that create 
transgenic plants. With the advent of genetic editing, crossing species lines no lon-
ger provides a line in the sand for those uneasy about genetic modification in agri-
culture (Gheysen and Custers 2017; Friedrichs et al. 2019).

Agricultural and environmental ethicists have found themselves in a confusing 
conceptual space around naturalness. In agriculture, naturalness related to the eco-
system never worked very well in the first place. Naturalness related to the plant has 
become more complicated thanks to the novel character of gene-editing. On the 
environmental side, naturalness has also become slippery. The advent of the 
Anthropocene means that no landscape on earth remains untouched (Waters et al. 
2016). And with the power and reach of technology constantly expanding, the 
potential for novel types of manipulation of natural systems has exploded. 
Nanotechnology, biotechnology, and climate engineering open the door to a more 
synthetic, planetary age (Preston 2018). In both cases, ‘the natural’ was always a 
challenging metaphysical category to pin down (Vogel 2015). Perhaps it is time to 
move on.

My intention in this chapter is to make some initial moves towards an entirely 
different lens for assessing agricultural practices. In so doing, I hope to uncover a 
more helpful terrain that might be better shared by agricultural and environmental 
ethicists. I replace the naturalness lens with a lens based on the idea of ‘agency’ and 
the relationships between agents in agricultural systems. Alongside agency and 
relationship, a whole suite of other ethically important notions will emerge. These 
include community, integrity, and the value of maintaining diverse connections on 
the one hand, and concerns about disrupting, simplifying, and thwarting agency and 
community on the other. My goal is not to specify precisely how an agency and 
relationship lens would be used in practice. It is to prepare the ground for a fresh 
approach to the ethics of agriculture in the face technological innovation. We don’t 
just need a lens that skirts the naturalness quagmire. We need a lens sensitive to the 
range of possibilities in biotechnology, one that also overlaps with important con-
cerns in environmental ethics. I’m using biotechnology, in other words, to seek 
some sort of rapprochement.

4.1 � Organismal Agents and Partners

Let’s start by journeying a short distance from the puzzles of agriculture to consider 
a parallel case of changing attitudes to the living world. Species back from the brink 
of extinction offer a unique opportunity for innovative thinking. A rare species, 
especially one whose rarity is caused by humans, often labors under a rigid image 
created long ago. Think of how easy it was for those who hunted beavers, wolves, 
and bison to sustain myths about these animals long after the target of their violence 
was gone (Lopez 1978). The beasts were said to be a certain kind of threat that 

4  Agency and Relationships in Engineered Agricultural Ecologies



68

required a certain kind of treatment. The apocryphal quickly erased the factual as 
‘firsthand’ accounts filtered down through the generations. The animal itself existed 
only in memory and folklore, with little capacity to contest the account. Caricatures 
of beavers, wolves, and bison ossified in the cultural imagination of settlers who 
occupied their former territory.

An animal that returns has the opportunity to create a range of new encounters. 
As its numbers build, more humans are exposed to its presence, requiring they come 
to terms with it afresh. They have to reassess the myths and, if the animal has 
returned as a result of protection, to work out ways to exist alongside it. This pro-
vides ample opportunity to consider the animal differently. The rethink is aided by 
scientists who are now better equipped to provide accurate information about its 
behaviors. They know more about its ecological relationships than those who wiped 
it out. The space for a productive rethink is pried opened further by the fact that 
there are better resources available to adapt to it. Electric fences, tracking devices, 
and accurate knowledge about the animal’s habits make coexistence much easier. 
The potential for a rethink is boosted by the army of enthusiastic advocates that 
have coalesced around the animal in its absence. Animal recoveries bring to the 
public eye species primed for a fresh understanding of who they are (Preston 2023b). 
This understanding often leads to a new ethic.

Two examples can illustrate the type of conceptual rehabilitation I’m talking 
about. Beavers in North America have increased more than 150-fold since their low 
point in the nineteen-tens (Goldfarb and Dan 2019). A more complete understand-
ing of the role beavers play in maintaining healthy ecosystems through their dam 
building has aided in their rehabilitation. Beavers boost groundwater replenishment, 
create vegetation supportive of insect diversity and abundance, and help filter excess 
nutrients out of river systems. Their dams create deep pools that provide shelter for 
fish in warm weather and soggy patches that provide firebreaks in a drought. Many 
of the benefits serve human needs. The flood protection and sediment filtering pro-
vided by beavers are so beneficial that land managers increasingly build beaver dam 
analogues (BDAs) to aid in river restoration (Pearce et al. 2021). Beavers and BDAs 
are proven to reduce the economic costs of extreme weather events.

Although beavers can still be a nuisance in the wrong circumstances, the beaver’s 
image has been transformed. A cadre of ‘beaver believers’ advocate greater toler-
ance for the giant rodent’s indiscretions and increased admiration for its talents. 
Humans’ ethical relationship to beavers has changed. They are recognized as 
‘experts’ at river restoration and ‘allies’ in adaptation to climate change. A cottage 
industry to encourage cohabitation deploys ‘beaver deceivers’ so the rodents can 
construct dams without flooding valuable infrastructure. Live-trapping provides a 
way to halt the most pressing inconveniences. Beavers have gone from ‘furry 
banknotes’ to ‘teachers’ of how to keep river systems in balance. There remains 
much to learn from them. A popular bumper sticker amongst beaver believers reads 
‘WWBD?’ (What would beavers do?).

As similar transformation has occurred with humpback whales. In the five 
decades since a moratorium on hunting took effect, humpbacks have recovered dra-
matically (Bortolotto et  al. 2016). Pacific Coast populations have grown from 
around a thousand to over twenty-two thousand today. In the western South Atlantic, 
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they have climbed from less than five hundred to twenty-five thousand. Worldwide, 
humpbacks have recovered to ninety-five percent of their pre-exploitation numbers. 
They are likely to be fully recovered from whaling in a decade.

Seeing a lot more humpbacks has caused a dramatic transformation in their 
image. Whale tourism has become an economic opportunity in numerous coastal 
communities, creating widespread goodwill previously hard to find. Studies of 
whale behavior, including their remarkable feats of communication, has fostered a 
deep appreciation for the intelligence of whales and the complexity of their societ-
ies. Whales are much more likely to be regarded as close peers to humans than as a 
resource to exploit for oil and baleen.

Recent work on the role of whales in the marine carbon cycle has created an 
additional layer of regard for the world’s mightiest mammals (Pearson et al. 2022; 
Roman et al. 2014). Not only do whales efficiently store carbon in their tissues, they 
participate in its sequestration by moving scarce nutrients from high latitude to 
equatorial regions during migration and from benthic to photic zones when feeding. 
These nutrients spur phytoplankton growth which ultimately leads to more carbon 
falling to the depths in the bodies of micro- and macro-organisms. Whales, simply 
by being alive, turn out to be ‘partners’ in the climate change struggle. Studies to 
determine just how much carbon a whale can sequester are underway. Their image 
has been transformed and they are held in new ethical regard (Giggs 2020; 
Preston 2023b).

Beavers and whales enjoy a changed moral status thanks to a better understand-
ing of who they are. Given what is now understood about river restoration and ocean 
ecology, and given a growing need to cope with the climate challenge, the role 
whales and beavers play in shaping their ecosystem is taken much more seriously. 
Both species are seen as influential agents in their ecology. Their relationships to the 
system are prized. They are also recognized as intelligent, social beings who live in 
family groups and treat their kin with civility. Whales and beavers are more likely 
to be viewed as experts, allies and partners than as exploitable resources. Many of 
these attitudes towards animals are already embedded within indigenous cultures 
(Wildcat 2009). Settler cultures have an opportunity to head in this direction as they 
learn more about the animal’s activities and ecological role.7 Similar examples of 
ethical rehabilitation are occurring across the animal kingdom as the true character 
of animal lives becomes known (Preston 2023a, Preston 2023b).

This ethical refresh is instructive for current purposes in how firmly rooted it is 
in taking the agency of other organisms seriously. The refresh is made possible by 
investigating the habits and personalities of non-human others. We look at how they 
act and how their actions affect other organisms in the system. We consider their full 
range of relationships and their dependencies. We become alert to both the sophis-
tication of their behaviors and the breadth of their influence. A refresh that spot-
lights the agency of non-human others turns out to be instructive when considering 

7 The observation made here is not an attempt to colonize the existing knowledge of indigenous 
peoples. It is to illustrate how reencountering an animal on the landscape in an informed way can 
yield attitudes similar those already extant among many indigenous people.
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the ethics of agriculture and agricultural biotechnologies. Agricultural biotechnol-
ogy, it turns out, is primed for an approach that takes non-human agency seriously.

4.2 � Innovative Ethics for Emerging Technologies

The ethics of complex emerging technologies has expanded considerably in the last 
decade and a half. This broadening offers new tools for evaluating the acceptability 
of developments in agricultural biotechnology. “Responsible, Research, and 
Innovation” (RRI) emerged in Europe as a way to expand the ethical evaluation of 
technology beyond simple risk assessment (Owen et al. 2012; Burget et al. 2017). 
The focus of RRI on “science for society” and “science with society” is a reminder 
that technological developments like climate engineering, nanotechnology, and bio-
technology emerge out of particular social and ecological contexts. These contexts 
shape the values that drive the technology before the technology shapes the social 
and ecological context right back. RRI is an effort to remind scientific practitioners 
that social and ecological networks cannot be ignored when conducting an ethical 
assessment. A mandate in the Norwegian Gene Technology Act to include three 
‘non-safety criteria’ (ethics, sustainability, and societal impact) in assessment of 
genetically modified organisms is an example of RRI (Myskja and Myhr 2020). 
Arguably, the U.S.  National Science Foundation’s ‘broader impacts criterion’ is 
also a step in RRI’s direction (Davis and Laas 2014).

Responsible research is particularly urgent with emerging technologies because 
of the uncertainty they create. Biotechnology operates in the hyper-complex domain 
of the genome and places its product into equally complex ecological and social 
environments. It meddles with the metabolism of the living world (Preston 2018). 
Christopher Groves suggests RRI is compelled to adopt a different frame as a hedge 
against uncertainty. “If we cannot know all the risks ….,” Groves says, “then at least 
we can perhaps come to an agreement on whether it is worth living with the uncer-
tainties that surround them in the interests of a morally and politically acceptable or 
even desirable social goal” (Groves 2015, 326–327). The risk, in other words, may 
not be resolvable. But the values are. We decide collectively “which risks and uncer-
tainties are worth bearing” (ibid. 327).

This observation about the inevitability of risk and uncertainty leads Groves 
towards a “care-based conception of RRI” (ibid. 332). A care-based approach is an 
alternative to consequentialist attitudes focused on ‘risk-thinking.’ Groves suggests 
care involves practicing virtues like attentiveness in order to appreciate attachments, 
connectedness, and relationships. These become the filters through which to con-
sider technological innovation. In assessing a new technology, Groves might ask 
whether a wide range of needs are being met, relationships being maintained, and 
connections being valued.

Preston and Wickson (2016) share Groves’ focus. They advocate for a “care 
approach” to agricultural biotechnology in the face of the inadequacies of risk-
thinking. A care approach insists decisions about the use of genetically modified 
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organisms take into account how a new technology might disrupt relationships, 
redistribute power, or generate dependencies. Since not all of these future disrup-
tions can be known in advance, the unfolding context must be watched closely. 
Input from different stakeholders must be continually sought. Preston and Wickson 
ask that attention be paid to the stories being told on the ground about the arrival of 
new technologies and to the affective reaction of those who use them (Preston and 
Wickson 2016, 53–55). None of this is easy. Assessment is not formulaic. Decisions 
about biotechnological practices, as Groves might put it, emerge from “an open-
ended and evolving narrative” (Groves 2015, 328).

The broadening assessment of biotechnology associated with RRI (and espe-
cially in versions of it that employ care) focuses primarily on the social context in 
which biotechnology operates. The care described by Grove, Preston, and Wickson 
is primarily care for other people and for the social institutions that sustain them. 
But the anthropocentrism reflects the context in which these theorists were writing. 
Care does not need to stop with care for humans. Social contexts are shaped by the 
ecological contexts in which they are embedded. The two form a “coupled system” 
(Lomba et al. 2020) in which human relationships are shaped by ecological ones 
and vice versa. How much social upheaval a community will be willing to bear for 
the development of a drought-resistant crop depends on the type of agriculture prac-
ticed in that environment and the particular pressures farmers are facing from cli-
mate change, topsoil loss, and other challenges specific to the place. Ethical 
assessments of changing social relationships must take ecological factors into 
account. And here is the key insight. If the assessment lens in care-based RRI pays 
attention to attachment, connection, relationships, and dependencies among people, 
it must do the same for non-humans. It must consider attachments, relationships, 
and dependencies between human and non-human agents as well as those among 
non-human agents. Remember, wildlife recoveries have shown there is agency all 
around. A care approach looking at biotechnology in a coupled system takes very 
seriously the agency of the non-human world. It considers the relationships and 
attachments to—and between—wildlife, plants, microbes, and other actors in the 
socio-ecological amalgam. The tendrils of the community of concern are woven 
across species lines.8

4.3 � Biotic Agency, Multispecies Ethnographies, 
and Indigenous Thought

The suggestion that agency and the relationships between human and non-humans 
must be taken into account in agriculture is obviously not new. Calls for attention to 
soil microbes, pollinators, beneficial insects, and intercropping species are 

8 This point had an early Euro-American outing in Aldo Leopold’s A Sand County Almanac and 
Sketches Here and There (Leopold 1949).
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widespread in non-industrial forms of agriculture. Yields remain high and agricul-
ture becomes sustainable, so the argument goes, when valuable ecological relation-
ships are kept intact. After all, it is the complex interchanges between microbes, 
nutrients, sunlight, moisture, fungi, and invertebrate life that makes vegetative 
growth possible in the first place.

Calls to keep non-food organisms alive and their relationships with food crops 
vibrant are often justified in terms of the ‘ecosystem services’ provided by the non-
food actors in the system. Predatory insects serve to reduce pests. Bees serve to 
pollinate crops. Earthworms serve to break down plant matter. Agriculture needs to 
be cognizant of the wider ecological system, according to this argument, because of 
the services it provides. This is an acceptable framing up to a point. But there is a 
serious shortcoming to the ecosystem services language. In an account based on 
ecosystem services, the underlying assumption is that meaningful agency exists 
only in the human actors benefitting from the service. The agency of the non-human 
actors is either downplayed or completely ignored. These actors are treated as non-
agential, incidental, and subservient. Their roles have belatedly been recognized as 
important, but their services are still regarded as merely ‘instrumental’ to ecosystem 
health and agricultural productivity. As such, they have often been thought of as 
replaceable by chemical or mechanical inputs. The personality of the beetle, the 
songbird, or the microbe, and their role as fully-fledged agents shaping the system 
is neglected.9

The lessons drawn from the ethical rehabilitation of beavers and whales suggest 
a richer reconsideration would focus more intently on the agency of the non-human 
biota that populate the system. The invertebrates that fly above the soil or crawl 
upon it, the annelids that burrow through it, and the prokaryotes that help maintain 
its structure and make nutrients available for all life act on their surroundings in 
ways evolution has fine-tuned them to do. It is an unhelpful distortion to think of 
their actions as ‘services.’ Besides, they often act in defiance of human designs on 
the landscape. Humans shape, but do not determine, their behavior.

Caring about the agency of non-human organisms means maintaining proper 
relationships to secure their interests and, not coincidentally, our own. We should do 
what we can to proliferate nitrogen-fixing bacteria, to encourage populations of 
beneficial insects, and to tolerate the presence of foxes and peregrines so they might 
reduce crop damage by rodents through their predation. When all the biota of an 
agricultural system are considered agents or actants, attentiveness to the intricate 
relationships between them becomes important. Agroecologists have been promot-
ing care for these relationships as the core of sound agricultural practice for three 
decades (Pimentel et al. 1989). Creating conditions in which the full range of biotic 
agency can flourish becomes a priority.

Multispecies ethnography supports this approach and offers some helpful tools 
for understanding what must be done. Ogden et al. define multispecies ethnography 

9 If the ‘agent’ seems too provocative, ‘actant’ might be an acceptable alternative label. My own 
preference is for the term ‘agent’ because it conveys personality over anonymity.
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as “research and writing that is attuned to life’s emergence within a shifting assem-
blage of agentive beings” (Ogden et al. 2013, 6). The multispecies approach starts 
with the recognition that “all living beings emerge from and make their lives within 
multispecies communities” (van Dooren et al. 2016, 2). These communities contain 
“multitudes of lively agents that bring one another into being” (ibid. 3). The ontolo-
gies embedded in such approaches are always relational. The world is not com-
prised of collections of individuals but by many sets of dynamic, overlapping 
assemblages.

Taking non-human agency seriously means recognizing that humans are not cen-
tral or fixed powerbrokers in these assemblages. Their identity emerges only through 
“shifting, often asymmetrical, relationships with other beings” (Ogden et  al. 7). 
Human identity is never entirely secure. If relationships with other beings destabi-
lize, so does the human place in the assemblage. Problems created by agriculture 
such as erosion, eutrophication, and the belching of nitrous oxide from synthetically-
fertilized farmland are already forcing agriculturalists across the world to update 
their traditions and practices, move to different regions, or spend large amounts of 
money to harden their defenses against global change. Human agency is compro-
mised when non-human agency is neglected.

It is not hard to find resonance between an emphasis on agency and relationships 
and indigenous attitudes to one’s surroundings. Van Dooren et al. (2016) point out 
that “In taking up these questions scholars are also engaging with long histories of 
relational, agentic thinking from indigenous peoples” (p.2). The idea of humans as 
one among many agents whose livelihoods all need to be secured for any of them to 
flourish is consistent across indigenous approaches (Kimmerer 2020; Cajete 2005). 
Such a worldview is often parsed in terms of kinship. “Kinship,” says Kyle Whyte, 
“refers to qualities of the relationships we have with others—whether others are 
humans, plants, animals, fishes, insects, rocks, waterways or forests” (Whyte 2021, 
267). A world in which those relations are broken or strained is morally skewed. 
Active repair of relationships and ongoing gratitude for their existence is a demand 
of a morally appropriate life.

Instead of looking at the benefits received from the surrounding world as ‘ser-
vices,’ Whyte says that many indigenous people look at them as ‘gifts.’ “Indigenous 
people,” he says, “feel compelled to honor these gifts and take actions that, in turn, 
give gifts back to these species in terms of habitat protection” (ibid. 272). 
Environmental injustice is considered an assault on proper kinship relations, rela-
tions that exist at many levels both amongst humans and between humans and the 
natural world. Looking after these relationships is a necessity in a “kin-centric” 
worldview (Wildcat 2022).

If the agency of different organisms is prioritized, guiding ethical notions for 
agricultural practices shift. In biotechnology, debates about ‘naturalness’ and ‘spe-
cies lines’ are nowhere in sight. ‘Risk’ and ‘harm’ remain in the mix because pru-
dence is foolish to neglect. But notions like ‘community,’ ‘dependency,’ and 
‘integrity’ bubble to the surface and provide the primary layer of analysis. 
Maintaining the fullest range of relationships between affected agents and recogniz-
ing inevitable dependencies becomes paramount. Notions like ‘care’ and even 
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‘gratitude’ become appropriate, applying across the coupled socio-ecological sys-
tem agriculture creates.

On the social side of the coupled system, a responsible approach to biotechnical 
innovation will ask how the particular biotechnology impacts relationships between 
agents on neighboring farms? Is it likely to create power imbalances and dependen-
cies between seed producers and growers? Will it impact the self-determination of 
farmers? Does it sever valuable partnerships established over decades? On the eco-
logical side, a responsible approach will ask how the gene-edited plant will collide 
with other actors in the system? What consequences are there for a wide range of 
insects if the plant is engineered for pesticide resistance? What forms of agency in 
the soil are compromised to create higher yield? What interactions with other plants, 
negative or positive, are foreseeable? The ethical focus is not on the risk the biotech 
product presents to humans or the environment. It is on the impacts to agency and 
relationships it will cause. The ethicist, in other words, must be alert to an entirely 
different thing. They must bring a different lens to their analysis.

4.4 � Stretching Agency Further

This turn towards agency and relationships has both a familiar and an unfamiliar 
ring to it. Ecosystems are known to be complicated webs made up of biotic and 
abiotic elements. Their function is recognized as a product of numerous entangled 
forces. Paying attention to the fate of the different lifeforms in a system sounds 
shrewd but not entirely new. It becomes a little more unorthodox, perhaps, when 
terms like ‘agency’ are spread as broadly across the non-human world as they are in 
this account. Outside an indigenous context, the term had previously been reserved 
for rational human beings (Anscombe 1957). It is particularly unorthodox to think 
of insects and lifeforms as simple as soil bacteria and earthworms as agents.

But the stretching of ordinary language is not unusual when pushing ethics into 
new areas. Multispecies scholars willingly go further. Their conception of agency is 
“increasingly being applied to forms of liveliness that many, but by no means all, of 
us would consider to be nonliving” (Van Dooren et al. 4). This represents an effort 
to overcome the ‘biotic prejudice’ that insists only living beings have the capacity 
to act on the world in meaningful ways. Van Dooren and his co-authors want to 
move beyond the biotic prejudice. They suggest that geologic formations, rivers, 
rocks, chemical species, and glaciers might also be considered agential. Emerging 
versions of “new materialism” tip our understanding of ontology on its heels and, 
with it, our obligations in ethics (Bennett 2010).

The account developed here does not promote talk of the agency of rocks or 
chemical species. But it follows multispecies studies in stretching the notion of 
agency in an unorthodox direction. Instead of looking for agency outside of the 
organism, it considers agency within organisms. This reason to do this is that these 
are the kinds of agency that biotechnology impacts the most.
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Preston and Antonsen (2021) push the boundaries of ethics in a different direc-
tion to ask questions about how biotechnology disrupts agency within individual 
organisms. This begins in the lab and several layers of agency are in play. These 
include agency at the whole organism level, agency at the cellular level, and agency 
at the genome level. Each of these levels are disrupted during the creation of both 
transgenic and cisgenic crops.

At a minimal level, cells do things. They divide, make proteins, send signals, and 
absorb nutrients. They also provide structure. Genomes are also actors (or actants). 
They store and express information, they perform meiosis, and they mutate. It is 
because genomes do agential things that complex life originated in the first place. 
Without mutation, the possibility of biological diversity and complexity would not 
exist. If agency is thought of as the property of acting, then cells and genomes are 
minimal types of agents (Ginet 1990; Lowe 2009). If this is so, a new ethical terrain 
opens up. Just as we assessed agricultural practices by asking which agencies and 
relationships were being recognized or disrupted outside of a plant, so we can 
inquire about the respecting or disruption of agency within it.

Producing a genetic modification using Agrobacterium tumefaciens as a vector 
compromises the agency and the integrity of both the cell and the genome of the 
target organism. The cell’s agency is disrupted when the bacterium enters through 
the cell membrane with its plasmid cargo. The genome’s agency is compromised 
when the plasmid inserts its DNA payload into target plant’s genome. CRISPR/Cas 
modifications done with viruses instead of plasmids also create a breach (Liu et al. 
2017). When the site-directed nuclease enters the nucleus to create the double- or 
single-stranded break, the agency of the cell and the genome are interrupted by the 
agency of the nuclease dispatched by the scientist. The normal operation of both cell 
and genome are compromised. This disruption is as true for cisgenic crops as trans-
genic ones.

It is notable that the genome of the target plant does not completely surrender to 
the agency of the scientist. In some cases, the genome acts unpredictably in the face 
of the attempted change. ‘Off-target effects’ are unintended changes that happen 
elsewhere in the genome in response to CRISPR. Insertions, deletions, transloca-
tions, and duplications are all common off-target effects of attempts to create genetic 
change. These unpredictable occurrences are the bane of genetic editing (Kosicki 
et al. 2018). Figuring out how to limit off-target effects when using CRISPR-Cas 
enzymes is a top research priority.

It should also be noted that earlier forms of agricultural biotechnology compro-
mise agency in the plant too. Attempts at mutagenesis using chemical or radiative 
stress are impositions of agency that seek to disrupt what the plant would otherwise 
do. Tissue culturing is a widely accepted conventional practice that also disrupts the 
growth pathway of individual plants. Protoplast fusion is disruptive to cells. The fact 
these are all widely accepted practices in crop breeding does not mean they auto-
matically have a neutral ethical valence. An assessment lens with agency at its cen-
ter would not discriminate a priori between techniques regarded as ‘traditional’ and 
those regarded as ‘biotechnical.’ Nor would it discriminate a priori between tech-
niques that ‘cross species lines’ and techniques that don’t. It would consider the 
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agency and relationships at stake and ask questions about how many of them are 
being ruptured and for what purpose. The ethical playing field is filled with various 
actors connected in myriad ways. Interventions have to be judged for what they do 
to these agencies and their relationships.

4.5 � An Ethics of Agency for Agriculture

The framework presented here for assessing biotechnologies is both old and new. It 
is old because ethics has long been about respecting the integrity of other agents. It 
is old because ecological approaches already recognize the need take seriously the 
welter of complex interactions between the living beings needed to sustain ecosys-
tem health. Finally, it is old because respecting the agency of non-human others has 
always been central to indigenous thought.

The framework is new in that it dispenses with many of the notions common in 
ethical assessments of biotechnology. ‘Naturalness’ and ‘crossing species’ lines are 
irrelevant. ‘Rate,’ ‘scope,’ and the ‘precision’ of the intended genetic change become 
tangential. ‘Lab’ and ‘field’ are not defining markers of acceptability. In their place, 
agency and relationships become central.

An ethical evaluation must be alert to the degree of disruption caused by a tech-
nological change. Disruption to kinship relations, as Whyte warned in the indige-
nous context, is the heart of environmental injustice (Whyte 2021, 275). Generally, 
more disruption suggests more caution about proceeding. When you are concerned 
about disruption, ideas like community, connectedness, vulnerability, and depen-
dence become relevant. Attentiveness and listening gain importance. Alertness to 
the operation of different actor-networks is essential. Many of these concerns 
already appear outside of agriculture in environmental ethics. All of them are facili-
tated by a deep appreciation of multispecies relationships.

Two observations about this lens may not have escaped notice. The first is that 
the task of becoming aware of every agential relationship at play in an agricultural 
context will be endless. Not only are the full range of relationships too complex to 
know in their entirety. The precise impact of a proposed technology on these rela-
tionships cannot be certain. The impacts will appear in both social and ecological 
domains. They may emerge over many months or years. This is not an approach 
calling for an accurate prediction of consequences before proceeding. It is more an 
approach asking for care, attentiveness, and sensitivity to the flood of changes that 
may cascade from a decision. Then, as Groves suggested, we decide collectively 
which changes are worth bearing. Given our limited ability to predict all the effects 
of interventions into complex systems, a healthy dose of humility becomes 
appropriate.

The second observation is that this lens seeks compromise and not perfection. 
There is no agriculture that does not break apart existing relationships and disrupt 
agents. Plow breaks sod. Annuals replace perennials. Forest becomes farmland. 
Humans consciously change an ecosystem so that it might effectively sustain them. 

C. Preston



77

What some might call the ‘unnatural ecology’ created by agriculture can be consid-
ered a system where some relationships have been destroyed but others have been 
created. If agriculture—and biotechnology—are done right, these new relationships 
will be nourishing in every sense. They will sustain people, plants, and wildlife in 
enduring ways.

The task for those determining the best form of agriculture in a particular place 
is to ask what is at stake for the community, construed at its broadest. Which rela-
tionships will be maintained as a result of this technology? Which agents are set to 
flourish? And which will be destroyed? This means which people, which pollina-
tors, which beetles, which nematodes, which annelids, which birds, which plants, 
which bacteria, which cells, which wildlife, and which genomes? A difficult thing 
to assess, for sure, but one that perhaps gets closer to the heart of what it means to 
be sustainable.
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Chapter 5
Treading Lightly, Agriculture, and Focality

Per Sandin 

Abstract  Many thinkers endorse an idea that we humans should leave nature alone 
or somehow exercise restraint in our relations to nature. Among those thinkers, we 
find several who take a critical or pessimistic attitude to modernity and modern life 
in general and to technology, or some specific technologies like genetic engineering 
in particular. In this chapter, I take a constructive approach starting with an explora-
tion of Albert Borgmann’s idea of focal practices. I side with Paul B. Thompson in 
suggesting that agricultural systems offer some potential areas for such focal prac-
tices. I argue that even highly engineered environments should contain ‘pockets of 
focality’ and that those may provide ‘stepping stones’ from which a system can be 
changed. Finally, I argue that there is room for implementing some of these ele-
ments within a context of responsible research and innovation, for instance in the 
form of ethics committees for food and agricultural issues.

Keywords  Focal practice · Focality · Nature · Naturalness · Albert Borgmann · 
Reflective equilibrium

5.1 � Introduction: The Otherness of Nature

There is no shortage of authors who endorse some version of the idea that we 
humans should leave nature alone, not interfere with nature—at least not exces-
sively—or somehow exercise restraint in our relations to nature.

This idea comes in many versions. Some form of it underlies the ideal of nature 
conservation, pioneered in the U.S. by writers like George Perkins Marsh. In an 
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1864 book entitled Man and Nature, Marsh wrote about ‘the ravages committed by 
man’ and how they ‘subvert the relations and destroy the balance which nature had 
established’ (cit. in Purdy 2015, p. 167). A second example is environmental ethicist 
Paul Taylor, writing some 120 years after Marsh. Taylor promotes ‘the attitude of 
respect for nature’. While admitting that ‘some interfering with or manipulation of 
the natural world is compatible with respect for nature’ (Taylor 2011, p. 94, empha-
sis added), what Taylor calls ‘the exploitative attitude’ is not. This attitude ‘is taken 
whenever nature is thought of as nothing more than a vast repository of resources … 
to be developed used, and consumed by humans for humans ends’ (ibid., p. 95). A 
third illustration comes from biologist Edward O. Wilson in his book Half-Earth 
(2016), where he proposes that ‘only by committing half of the planet’s surface to 
nature can we hope to save the immensity of life-forms that compose it’ (Wilson 
2016, p. 3).

These ideas rely on the premise that humans and nature can be distinguished. 
There is a vast literature on nature, naturalness and humans relationship to nature 
(see, e.g. Daston 2019). However, for the purposes of the present paper, we may 
follow Simon P. James, who recently has articulated this conception of nature in the 
following way: ‘An entity is natural to the extent that its current state has been 
largely unaffected by human actions (especially ones intended to shape the entity)’ 
(James 2022, p. 110). This understanding of nature can be applied both to ‘macro’ 
nature, such as large areas of wilderness, and ‘micro’ nature, for instance natural 
processes like fermentation or oxidation of food.

There are many ways of tackling this idea of the ‘otherness’ of nature. A group 
of thinkers that might aptly be termed ‘nature skeptics’ (in James’ terminology) 
dismiss the idea as meaningless (e.g. Vogel 2002). They do have a point in the fact 
that is increasingly difficult to find something with ‘its current state largely unaf-
fected by humans’. Hence the introduction of the term the Anthropocene for a geo-
logical epoch characterized by human impact on the Earth system as a whole 
(Hamilton 2017). As Jedediah Purdy puts it:

The natural and the artificial have merged at every scale. Climate change makes the global 
atmosphere, its chemistry and weather systems, into Frankenstein’s monster—part natural, 
part made. The same is true of the seas, as carbon absorption turns the oceans acidic and 
threatens everything that lives in them. […] Even wilderness, that emblem of untouched 
nature, persists where lawmaking and management create it, artificial testament to the value 
of natural things. (Purdy 2015, p. 15)

Other authors have attempted to reconceptualise the division between humans and 
nature in less ontologically demanding ways. A recent example is Anna Deplazes-
Zemp, who offers a ‘perspectival’ account of the concept of nature, according to 
which it refers to ‘what we, humans, encounter as “the given” (i.e., what is not 
shaped nu activities we consider characteristically human, such as purpose-driven 
design, deliberate choice, and intentional creation) (Deplazes-Zemp 2022, p. 100, 
emphasis added).
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5.2 � The Imperative of Treading Lightly

In particular, thinkers like these hold that it is a bad thing when humans attempt to 
take too much control over nature and natural processes—something that would 
amount to a totalitarian project of domination. One illustrative example comes from 
philosopher Eric Katz, who compares (but does not equate) Nazi medical experi-
mentation and ecological restoration. Ecological restoration is the human enterprise 
of recreating natural ecosystems that have disappeared or been damaged, more 
often than not as a result of human activity. In Katz’ view, ecological restoration and 
the Nazi experiments ‘share one basic, common characteristic: the domination and 
control of natural processes’ (Katz 2011, p. 80, emphasis added). ‘The history of 
the Nazi medical experiments there [at Auschwitz] demonstrates the moral evil of 
the process of domination, whether this domination applies to humans or to natural 
processes’ (Katz 2011, p. 79). The narrative here is the age-old one of hubris (Moula 
2015): Humanity can go too far in out attempts to control the things around us, and 
this is an affront to the gods or the natural order. Thus, we should stand back and 
exercise restraint in our interactions with nature.

Let us call this idea, or family of ideas, the imperative of treading lightly.
Does this family of ideas have any bearing on biotechnology and engineered 

ecologies (or agriculture)? It certainly does. Over the years, there has been a number 
of criticisms of biotechnology in agriculture, in particular the use of genetically 
modified organisms (GMOs), that rely on the idea of humans overstepping some 
limit in attempting to take too much control over nature. In discussing genetic modi-
fication and ‘concerns with the counter-naturality of the process’, Kate Soper asks: 
‘Are such developments a step too far in the manipulation of nature, a hubristic 
affront to what one might call our moral sense of what humans might properly do 
with their powers of invention?’ (Soper 1995, p. 3). A representative expression of 
this attitude was voiced by the Prince of Wales (now King Charles III) in the Reith 
Lectures on BBC Radio 4 in 2000:

Above all, we should show greater respect for the genius of nature‘s designs, rigorously 
tested and refined over millions of years. This means being careful to use science to under-
stand how nature works, not to change what nature is, as we do when genetic manipulation 
seeks to transform a process of biological evolution into something altogether different. 
(BBC 2000, emphasis added)

A position echoing that of the Prince of Wales’ has been put forward with more 
scholarly rigor by Hugh Lacey, who is critical of what he calls the ‘Commercial-
Scientific Ethos’, the first tenet of which is as follows:

The value of gaining understanding of phenomena of the world is subordinated to expand-
ing knowledge of what we can do, of how we can expand human powers to exercise control 
over natural and technoscientific objects, especially insofar as they potentially contribute to 
economic growth and other interests of leading commercial bodies. (Lacey 2016, p. 59, 
emphasis in original)

Against this background, Lacey’s critical stance towards agricultural biotechnology, 
and in particular genetic engineering, might not be surprising. He sees genetic 
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engineering as an expression of a set of values expressing ‘specifically modern ways 
of valuing control of natural objects’ (Lacey 2002, p. 499). As an alternative he 
offers agroecology, both as a way of farming and as a format for scientific investiga-
tion encompassing among oher values that of sustainability ‘as subordinating the 
control of natural objects’ (Lacey 2002, p. 507). Thus one of the promises of agro-
ecology is to tread lightly with respect to nature.

Of course, agricultural environments are very much technological, artificial, and 
engineered ones. There has to be some sort of manipulation involved. Pretending 
otherwise is not helpful. Sometimes such pretending generates ridiculous results, as 
when some agricultural products are marketed as containing ‘all natural ingredi-
ents’ (Sandin 2017; Siipi 2015) such as the popcorn pack bragging:

We use only NON-GMO CORN. (Who thought messing with corn genetics was a good 
idea?) Its 100% NATURAL. (We don’t think mankind has improved on what nature 
produces.)

Obviously, without the ‘messing’ with the genetics of corn and its ancestors in 
Central America some 9000 years ago or so, there would not be a plant remotely 
like corn (maize). The same holds for most other food crops (Doebley et al. 2006).

In many cases, it seems that the main factor that make our steps heavy and pre-
vents us from treading lightly is technology. Among environmental thinkers endors-
ing the idea that we should exercise restraint in our relations to nature or ‘leave 
nature alone’, we find several who take a critical or pessimistic attitude to modernity 
and modern life in general and to technology, or some technologies, in particular. 
Many examples of what is commonly labelled ‘philosophy of technology’ share this 
outlook. Variants of this is the view are endorsed by thinkers like Martin Heidegger, 
Günther Anders, Jan Patočka, Jacques Ellul (1964), and Albert Borgmann (1984).

In the remainder of this chapter, I will follow Borgmann and explore his idea of 
a focal practice. I will suggest agricultural systems offer some potential areas for 
such focal practices, and that even highly engineered environments should contain 
‘pockets of focality’, that may provide ‘stepping stones’ from which a system can 
be changed. There is room for implementing some of these elements within a con-
text of responsible research and innovation, for instance in the form of ethics com-
mittees for food and agricultural issues.

5.3 � Focal Practices in Technological Environments

You will not find a stipulative definition of focal practice or a focal thing in terms of 
necessary and sufficient conditions, on the form ‘X is a focal thing if and only if…’ 
or ‘a practice is focal iff…’. What you will find is deixis. Deixis refers to the func-
tion of pointing to, or pointing out, something. ‘This is a focal practice.’ 
Understanding a deictic expression requires knowledge of the context in which the 
expression is stated. Without such knowledge, if I refer to ‘this presentation’ or ask 
you to ‘pass that screwdriver’ the reference would be opaque.

P. Sandin



85

Borgmann talks about deictic explanations as articulating, ‘to outline and high-
light the crucial features of something’ (Borgmann 1984, p.  25). And Einstein’s 
theories of relativity ‘have deictic power in the sense of delimiting a set of possible 
worlds and ruling out certain impossible worlds´ (ibid., p. 25f). Deictic discourse 
serves, among other things, to bring forward ultimate concerns, a discourse which 
embodies an attitude of enthusiasm, sympathy and tolerance (p. 176).

From Heidegger, Borgmann inherits ‘suggestions that focal things seem humble 
and scattered about but attain splendour in technology if we grasp technology prop-
erly, and that focal things require a practice for their welfare’ (Borgmann 1984, 
p. 200). Borgmann expounds on two examples of focal practices: Running and the 
Culture of the table. Starting from Borgmann’s ideas, Paul B. Thompson (1999) 
suggests another focal practice: farming. Let us look to running for a while.

With ‘running’, Borgmann is not referring to someone dashing to catch a bus, a 
person fleeing from a threat on foot, or an army recruit being commanded by the 
drill sergeant to make a run for the barracks. It is rather running as recreation or 
sport, and some rather specific ways of doing that sport. He draws on descriptions 
of running from George Sheehan’s book Running and Being. (I do not know whether 
Borgmann was a runner himself.) Running is understood as distance running rather 
than sprinting or middle-distance, and it is assumed to be outdoors, with the runner 
exposed to the elements and the environment—which might be a city as in the case 
of the New York Marathon (p. 203).

In order to make his case, Borgmann uses other cases that he contrasts with his 
preferred activities. Those contrasts are interesting. First, there is driving a car as a 
contrast to running. Both running and driving is about motion. They are neverthe-
less different in relevant aspects, Borgmann argues. It is worth quoting him at 
some length:

In a car […] we are not moving on our own power and in our own right. We cash in prior 
labor for present motion […] we release what has been earned and stored and use it for 
transportation. But when these past efforts are consumed and consummated in my driving, 
I can at best take credit for what I have done. What I am doing now, driving, requires no 
effort, and little or no skill or discipline. I am a divided person; my achievement lies in the 
past, my enjoyment in the present. But in the runner, effort and joy are one; the sprlit 
between means and ends, labor and leisure is healed. (Borgmann 1984, p. 202)

This comparison is deceptive. Driving a modern car might require little effort, but 
so might transportation on foot. However, if we compare running a race and driving 
in a race (say, a rally competition), the differences are not at all obvious. And while 
running 5 k at a 5 min pace might be a light warmup for a fit athlete, it might require 
the utmost of effort for someone else.

A second contrast case refers to an article by Peter Wood on how he (Wood) ran 
the New York Marathon and then ‘took in the city with body and mind’ (Borgmann 
1984, p. 203). Borgmann wants to make the point that there is a difference between 
‘good running’, or ‘running in its fullness’, which is contrasted with other activities 
that also involve physical exercise in the form of moving one’s legs that are not—
well, good. The example given in contrast to Wood’s NY Marathon is how 
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‘executives, concerned about their Coronary Risk Factor Profile, run nowhere or 
ride on stationary bikes’ (Borgmann 1984, p. 203).

What happens here is that Borgmann takes something he obviously likes and 
argues that this something is good, because it has certain characteristics. He identi-
fies those characteristics by contrasting the thing he likes with something he doesn’t 
like (driving a modern car, exercising on a stationary device). One senses a certain 
amount of contempt for the health-conscious executives in the account of their exer-
cise activities. The move might look like rationalization, but that is perhaps not the 
only problem, let alone the only one.

For one thing, underpinning the condemnation of a thing with a contrast case is 
tricky. The contrast case being very different, it is difficult to ascertain what are the 
normatively relevant differences between the cases. Ideally, perhaps, one should go 
through a process of eidetic variation, comparing the favoured case with a number 
of similar but slightly different cases. What about, for instance, comparing ‘running 
in its fullness’ with running barefoot, running using a GPS device with a heart rate 
monitor, driving an oxcart, driving a surrey with different types of horse, riding a 
penny farthing, riding a carbon mountain bike, an electric bike, an old car… and so 
on. This is in fact a method employed in processes of approaching reflective equi-
librium, which is a common method in normative ethics (Rechnitzer 2022).

In fairness, the contrast cases might be more for illustrative than for argumenta-
tive purposes (assuming such a distinction can be made), so let us disregard this 
particular problem. The contrast-case approach still opens for a couple of objec-
tions. One is the obvious one: That other reasonable and thoughtful people might 
have experiences radically different from those of Borgmann or the writers on run-
ning or eating that he relies upon. Let me venture the following examples, which 
incidentally involve stationary bikes:

Consider a group of cyclists. They are master’s athletes who know each other 
well. While not professional or elite athletes, they take their training seriously and 
do race. They ride on stationary bikes, together, spinning-class style. This activity 
involves extreme physical exertion. Some of them socialize also outside the training 
sessions, and some of them have through the cycling activity become very good 
friends. The training contributes to giving meaning to their lives—more so for some 
than for others. It would be snobbish to deny that they are not doing something ‘in 
its fullness’.

Or consider the total commitment of the athlete who tries to set a personal record 
riding all out 1 min on a stationary bike. His effort involves total physical exertion, 
it is an important part of something that gives meaning to his life, and he pursues the 
activity in the company of other, like-minded people who support him and matter to 
him. It is a communal event.

Borgmann does anticipate objections of this kind, by noting that ‘[s]ince one 
with lesser or different capacities will not experience the same significance, the 
claim is always possible that what I call significance is … an imposition of mine on 
a neutral or ambiguous state of affairs’ (p. 181, emphasis added). Or, more popu-
larly expressed ‘“You think it is great, but is it really?”’ (ibid.). He dismisses this 
kind of objection as ‘inconsequential’, as a ‘method of refusing [deictic 
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explanation] which might be mistaken for refutation’ (ibid.). The dismissal is quick 
and mildly condescending, and the whole project has a tinge of intellectual imperi-
alism. However, the dismissal is too quick and it misses the point.

What examples like mine attempt to show is something different. They point to 
the possibility that someone with similar or greater capacities as Borgmann pos-
sesses might well experience something else as significant, and that the greatness of 
this is because of properties that are incompatible with the properties that make the 
significant thing experienced by Borgmann. Two or more apparently incompatible 
practices can simultaneously be presented as focal, for good reasons. This is brought 
forward by focussing on the contrast cases.

The same problem—too quick dismissal of contrast cases—also applies to Paul 
B. Thompson’s discussion of farming as a focal practice in his book The Agrarian 
Vision. The chapter is a revision of a text originally published in 1999 (Thompson 
1999). Thompson mentions in passing that farming of course must ‘be supple-
mented by skills and crafts that are not part of farming per se, but building, toolmak-
ing and the martial arts do not center, order, and unify “myself and others” in the 
way farming does’ (Thompson 2010, p. 115). Well, don’t they? At least Borgmann 
seems to think that pre-industrial wheelmaking qualifies, citing George Sturt’s 
memoir The Wheelwright’s Shop, originally published in 1923 and described by a 
contemporary reviewer as transporting readers rural England as it was before the 
hand craftsman had disappeared before the march of machinery’ (Anonymous 
1923). The martial arts might be an even more poignant case. Consider the complex 
of virtues associated with warlike endeavour in antiquity, or the intricacies of chiv-
alry among the warrior classes in the Middle Ages.

Another and very much related problem is that the criteria arrived at from the 
phenomenological exercises might be used in a kind of reductio argument. That is, 
they lend themselves to producing counterexamples. This is in effect what Steven 
Vogel attempts in Thinking Like a Mall. The title of the book is a reference to Aldo 
Leopold’s exhortation that humans learn to think like a mountain. In Vogel’s words, 
‘to see that there is more to the world than we understand, and to recognize the dark 
complexity and depth of the processes of nature that so exceed out limited ability to 
grasp and control´ (Vogel 2015, p. 129). In the titular chapter in the book, Vogel 
recounts the rise, decay and eventual demolition of the City Center Mall in 
Columbus, Ohio. It opened in 1989 and was demolished 20 years later, to be replaced 
with a park. Vogel, who admits that he did not particularly like the mall, suggests 
‘with a certain amounts of seriousness, that malls might possess a similar sort of 
complexity and teleology as butterflies…’ (Vogel 2015, p. 158). In the next step, he 
goes on to argue that even a machine or other artefact might display similar charac-
teristics, which would potentially make it morally considerable.

The obvious targets of Vogel’s argument are positions like the one put forward by 
environmental ethicist Paul Taylor in the nid-1980s in his book Respect for Nature 
(Taylor 2011). Taylor starts from the idea that living beings have a good of their 
own, in the sense that they can be benefited or harmed. The main criterion for an 
entity’s having a good of its own is that we can speak of it truly or falsely as things 
being good for or bad for that entity, without reference to something external, such 
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as an instrumental purpose. My coat might become less useful as an insulating gar-
ment if my neighbour soaks it with a garden hose. But it is not the coat that is 
harmed by the soaking, it is me as coat user. If, on the other hand, my neighbour 
uses the same garden hose to drown a mole ruining her lawn, it is very much the 
case that the mole is harmed. The mole, as a living thing, has a good of its own. As 
does, according to Taylor, all living things, including non-sentient ones like plants 
and microorganisms. Vogel does not actually endorse moral considerability for arte-
facts, even though he does argue that humans are responsible for the environment, 
including artifacts. What he is doing in his essay is showing that criteria for moral 
considerabilty like the ones Taylor advances would allow for including also entities 
like malls.

5.4 � The Place for Focal Practices and What Makes 
Them Valuable

Let us, however, stay with Borgmann and admit that a focal practice involves ‘the 
resolute and singular dedication to a focal thing’ (Borgmann 1984, p. 219), some-
thing that is also exercised in social union (ibid.). Arguably, the debate about bio-
technology in agriculture houses several potential focal practices, in addition to 
Thompson’s suggestion of farming.

The first is the involvement in plant breeding itself.
The world’s current food supply depends on a (surprisingly small) number of 

animals and plants, most of which were domesticated from wild predecessors sev-
eral thousand years ago in different parts of the world: Emmer and Einkorn wheat 
about 10,000 years ago in the Fertile Crescent of the Middle East, corn somewhat 
later in Central America, and rice roughly 8000  years ago in present-day China 
(Doebley et  al. 2006). The contents of the plant breeder’s toolbox have become 
increasingly varied and powerful, especially in the last century, with the availability 
of techniques such as hybridization, backcrossing, mutation breeding, genomic 
selection, and different types of genetic engineering, to name but a few (Hickey 
et al. 2019).

In the late nineteenth and early twentieth century, in the US as well as elsewhere, 
plant breeding became professionalized and institutionalized. The development was 
strengthened by new scientific discoveries, or as in the case of Mendelian genetics, 
a scientific re-discovery, and increased public funding (Curry 2014; Wieland 2006). 
At the same time, non-professional, amateur communities of experimenting plant 
breeders were very active in experimentation with new plant varieties, then incorpo-
rating scientific knowledge. Those communities kept in touch through correspon-
dence with publications like Garden Magazine or American Gardening, eagerly 
sharing their results (Curry 2014). Collaborations with professional scientists were 
occasionally encouraged, as when O.J. Eigsti invited amateur gardeners (‘laymen 
scientists’) to plant seeds treated with the mutagen colchicine and report their results 
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(Curry 2014, p. 555). Today, such initiatives would usually be called ‘citizen sci-
ence’ (Haklay et al. 2021).

It must be recognized that even with modern tools, enabling more rapid develop-
ment of plants, the development of a new plant is a very long-term undertaking. Let 
me offer an illustration: Researchers have been entertaining ideas of domesticating 
wild plants into oilseed crops at least since the 1950s. Wolff and Jones (1958) report 
on a systematic program for searching for new crops, of which oilseeds make up one 
category. ‘The need is for plant sources of unusual oils—new and superior types—
which can enter industrial markets and serve where presently available oils cannot.’ 
(Wolff and Jones 1958, p. 6) Replacing petroleum-based products was a major an 
issue at the time, even if Wolff and Jones mention the possibility of enabling ‘domes-
tic production of many strategic and critical items, now imported’ (ibid., p. 8). The 
funding came from the US Department of Agriculture. In preceding years, US agri-
cultural research had been focused on finding new uses for existing crops of which 
there was a mounting surplus. A quarter century later, the situation is in some ways 
similar: ‘Fats and oils are generally overproduced on a worldwide basis and prices 
for most are low. Much research and development has been carried out to discover 
new industrial uses for surplus fats and oils or their fatty acids’ (Princen 1983, 
p. 478). In 1983, Princen reports that at the time, about 8000 species of plants have 
been screened for possibly being used as oilseed crops by the Northern Regional 
Research Center (ibid., p. 479). And obviously, with an oil crisis 10 years in the past, 
the use of oil crops for energy is also considered in 1983 (ibid., p. 489).

Not only is it a long-term undertaking, but it can also be one requiring commit-
ment and physical effort. An illustration of this is the commitment displayed by 
Green Revolution ley figure and later Nobel Peace Prize laureate Norman Borlaug 
and his colleagues in their work (Mann 2019).

The second example is the activity of engaging in activism about biotechnology. 
Engaging in activism can certainly be focal. But is it a practice? The notion of a 
practice at work here is arguably the one employed by Alasdair Macintyre in his 
influential book After Virtue (1984). A practice in this sense is.

‘any coherent and complex form of socially established human activity through which 
goods internal to that form of activity are realized in the course of trying to achieve those 
standards of excellence which are appropriate to, and partially definitive of, that form of 
activity, with the result that human powers to achieve excellence, and human conceptions 
of the ends and goods involved, are systematically extended. (Macintyre 1984, p. 187)

Among the examples of practices Macintyre provides we find games like chess or 
football, the making and sustaining of family life, architecture, and scientific inquiry 
(systematic plant breeding would fit the bill). He also mentions politics ‘in the 
Aristotelian sense’. This should not lead us to confuse politics with statemanship. In 
modern democratic societies, the engagement in deliberation is an essential one and 
this is what activists may provide.

A biographical example is provided in the form of Mark Lynas, and how he 
engaged, first, in direct action in the European anti-GMO movement in the 1990s, 
and later as a pro-biotech advocate (and later than that, advocate for nuclear power). 
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Another example is Kimberly Nicholas, who in her recent book Under the Sky We 
Make: How to Be Human in a Warming World, offers similar stories, how participat-
ing in activism she has been ‘inspired to see how just a few people can start some-
thing that ripples out to become much bigger’ (Nicholas 2021, p 228).

Both Lynas and Nicholas are parts of movements with specific standards of 
excellence that can be said to be internal to the activist communities. That is, one 
can be a better or worse activist, not only to the extent that one’s campaigns are suc-
cessful in achieving their goals.

5.5 � Limitations on Focal Practices

A perhaps obvious objection to the examples above is the following: If plant breed-
ing can be a focal practice, then why cannot, say, the development of poison gas be 
one too? And, in the same way if biotechnology activism can be a focal practice, 
why cannot the activism of a racist group be a focal practice as well? After all, those 
examples involve people in social union can be singularly and resolutely dedicated 
to such a thing, in a way that gives meaning their lives.

This problem is not a trivial one and it highlights that focal practices are norma-
tive and not merely descriptive categories. But it is not a reason to discard the idea 
of a focal practice. We see a parallel problem in virtue ethics. Virtues, on a now-
prevalent, neo-Aristotelian view, are beneficial character traits. (A bad character 
trait is a vice.) But they are also to be distinguished from mere skills, in that they 
have to actively engage the will.1 A skill is simply an ability to do something. You 
can be a highly skilled and effective lobbyist for the fossil fuel industry, but that 
does not make you virtuous. Arguably, utilizing your skill in this way might in fact 
be as sign of vice.

Similarly, it seems that we must allow some normative constraints that are exter-
nal to the practice. A minimal requirement is that a practice must not be inherently 
evil. This not a particularly strong requirement. It might even allow practices that 
are inherently wrong. Perhaps one might go further and require in analogy to the 
doctrine of double effect in catholic bioethics, that the practice itself or its object 
must be morally good or at least indifferent. Such a constraint can be fleshed out in 
various ways, which I will not attempt here. In whatever way one does this there are 
likely to be controversial cases as well as uncertain ones. However, the examples 
show that there has to be some constraint.

Also, a focal practice does not exclude that people act wrongly within it. This is 
for instance what someone who is a vegan for ethical reasons would claim about 
some instances of the culture of the table, namely those that involve eating meat or 
other animal products. Also, it does not exclude that the practice has bad conse-
quences—again, meat eating would be a case in point. Consider Borgmann’s hearth 

1 I am building this account on Philippa Foot (1997), cf. Sandin (2007).
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or fireplace as a focal thing, in contrast to the central heating system, which is a 
device providing merely convenient heating. The fireplace used to constitute ‘a cen-
ter of warmth, of light, and of daily practices’ (Borgmann 1984, p. 196). Even as 
technology and architecture developed, the hearth was retained. An example of this 
is how heating of the great hall in medieval castles evolved. Even with new inven-
tions such as flues, chimneys and recessed fireplaces, the open fire in the hall per-
sisted well beyond the middle ages ‘as a matter of convention’ (Goodall 2011, 
p.  35). The smoke was vented through the roof by means of a prominent, often 
highly decorated louvre—thus, giving the hearth architectural prominence and 
making it visible from outside the building. Still today a fireplace can function as a 
symbolical center of the house. But, fires are also lethal. Not just because of the 
obvious risk of the house burning down, but because of the emissions of soot par-
ticles and other hazardous substances resulting from incomplete combustion. A sig-
nificant number of people die each year from the effects of wood or dung fires.

Also, an observation that has a somewhat phenomenological tinge: Focality 
often appears to involve the body. Borgmann’s examples are clear: Running is obvi-
ously very much a bodily activity, even to the point of total physical exertion. 
Though perhaps less physically exerting, the culture of the table is also premised on 
bodily engagement, including use of the senses—taste, texture and bouquet matter 
a great deal, as do hunger, thirst, appetite and satiation. Table placement is about 
bodies and their relation in physical space. Thompson’s example of farming, even 
in the technological age, is illustrative of work that is to a large extent physical and 
practical. This holds for plant breeding too, and several of the activities of biotech-
nology activists. Activism often has an element of performance to it. (Again, Lynas’ 
early anti-GMO-activism is a case in point, describing the theatrical actions of 
SHAG, ‘Super Heroes Against Genetix’, as ‘masked, caped crusaders wearing the 
trademark superhero garb of underpants over their trousers’ (Lynas 2018, p. 15).

5.6 � ‘Pockets of Focality’ and Policy Implications

In Thompson’s words, focal practices ‘are capable of addressing the failure of tech-
nology because they unify and harmonize fragmented experiences into a more sat-
isfying hole’ (Thompson 2010, p.  111). While Borgmann is concerned with 
technology, Thompson applies the idea of focal practices to land (ibid.).

The views of both these authors imply that focal practices might occur within a 
larger system as what I propose we call ‘pockets of focality’. This is an important 
observation and it provides a pragmatic alternative to a wholesale pessimistic view 
of technological society.

Without going into particular detail, I will take it as granted that our current food 
system is largely unsustainable due to its for instance, its greenhouse gas emissions, 
reliance on fossil fuels and non-renewable materials for production of fertilizers and 
pesticides, and its effects on land use and biodiversity. It is in need of significant 
reform and change. Those changes will have to involve different levels: global 
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politics and national policy, technological development, and individual behaviour, 
such as reduced consumption of animal products. Time is also short.

Whether it is change in individual behaviour or policy reform that is most needed, 
most effective, or should come first, is of course a matter of discussion, but we need 
not quibble about that. Let us just recognize that given the urgency of the matter, and 
the short time available, all ways forward are worth pursuing. For instance, in order 
to reach the goal of stabilizing global temperature increase at 1.5 degrees Celsius, 
as per the Paris Agreement, we would need to halve the world’s carbon pollution by 
2030, and that would still mean a world which ‘for living creatures … is no picnic´ 
(Nicholas 2021, p. 28).

The point here is that focal practices provide elements of stability and anchoring, 
or perhaps, with a plant-related metaphor—rooting.2 In another metaphor, they may 
be ‘stepping stones’ from which a system can be changed.

This might also be relevant from a policy perspective. Focal practices might be 
identified, supported or actively cultivated. If we take plant breeding as an example, 
public funds might be used to encourage partnerships between communities of ama-
teurs and professionals (as in some citizen science initiatives).

Over the years, there have been numerous attempts to involve ‘the public’ in 
decision-making processes around bioengineering in agriculture, attempts that go 
beyond and are supposed to supplement the usual mechanisms of policy making In 
democracies, such as voting for elected representatives. A number of examples 
exist, for instance the ‘consensus conference’ model originally developed in 
Denmark by the Danish Board of Technology in the years before 1990 (Moula and 
Sandin 2017). A related idea is that of Responsible Innovation, or Responsible 
Research and Innovation (RRI). According to a common view of responsible inno-
vation, it encompasses four dimensions: Anticipation, Reflexivity, Inclusion and 
Responsiveness. These dimension should not be conceived of as consecutive steps. 
They mean that in the innovation process, first, social consequences are to be antici-
pated and fed back into the process. Second, innovators should reflect on the social 
expectations, values of their innovations and be aware of their own limitations and 
assumptions, thus, ‘at the level of institutional practice […] holding a mirror up to 
one’s own activities, commitments and assumptions, being aware of the limits of 
knowledge and being mindful that a particular framing of an issue may not be uni-
versally held’ (Stilgoe et al. 2013, p. 1571). Third, all relevant stakeholders should 
be included in the innovation process, and fourth, the innovation process should be 
responsive to societal challenges.

Do focal practices have a role to play in RRI? They may be of importance in all 
four dimensions.

In their anticipatory activities, innovators should consider potential effects on 
focal practices. For inclusion, care should be taken to ensure representation of 
stakeholders involved in focal practices. In the agricultural biotechnology case, it 
might mean increasingly engaging amateur plant breeders and farmers in the 

2 On a broader but very interesting note, compare Weil (2001).
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evaluation processes. Some kind of ethics commission for agriculture and food, as 
proposed by Kendig et al. (2024) is a potential forum for this. The U.S. lacks such a 
commission, though there are some examples that focus on gene editing and bio-
technology in other countries, such as the Norwegian Biotechnology Advisory 
Board, an independent body appointed by the Norwegian government with the task 
to ‘valuate the social and ethical consequences of modern biotechnology and to 
discuss usage which promotes sustainable development’ (Bioteknologirådet 2024). 
The Norwegian Biotechnology Advisory Board has a mandate that is both broader 
and narrower than what Kendig et al. envisage—the board does not deal with all 
issues of food and agriculture but only those involving biotechnology, and they are 
concerned with non-agricultural issues as well, such as medical applications.

Reflexivity requires that cultures of innovation include, as we saw above, aware-
ness that a dominant framing of a problem might not be universally endorsed. An 
illustration of this from the area of agricultural biotechnology is Hugh Lacey’s criti-
cism of transgenic seeds and plants (e.g. Lacey 2016). Lacey claims that transgenics 
have been developed within ‘technoscience’, a complex of technology and science 
without clear distinctions, usually driven by private interests and aiming at interven-
tion: ‘expanding human capacities to exercise control over natural objects and fur-
thering the values of technological progress’ (Lacey 2016, p. 57). As we saw in the 
Introduction above, Lacey’s concerns are instances of a type of technology criticism 
endorsed by many philosophers of technology. According to Lacey, technoscience 
uses ‘decontextualized research’ strategies—ones that represent the phenomena 
studied as dissociated from their context. This has led to some risks being over-
looked, for instance ‘risks to social arrangements that arise from the actual context 
of the use of transgenics, e.g., undermining alternative forms of farming’ (Lacey 
2016, p. 58). Note that this is an essentially consequentialist critique of the techno-
scientific project, with Lacey pointing out undesirable outcomes. It could also be 
argued that there is something intrinsically wrong with the ‘control-and-dominate’ 
attitude it supposedly expresses. I will not investigate this line of argument here.

Innovation processes are dynamic and therefore responsiveness is essential for 
responsibility. Responsible innovation employs a notion of responsibility that is 
forward-looking in time (unlike backward-looking responsibility that that concerns 
ascriptions of blame). Such responsibility presupposes some capacity to affect out-
comes (Nihlén-Fahlquist 2019, Ch. 2). To ensure this a number of mechanisms are 
possible, for instance widening of existing approaches for technology assessment 
(Stilgoe et al. 2013, p. 1572). Here there might again be a role for ethics food and 
agricultural ethics commissions (Kendig et al. 2024).

5.7 � Conclusion

In this paper, I have made the point that agricultural environments are managed and 
in part artificial or engineered, often to a very high degree. Despite this, debates 
about agriculture and biotechnology are often conducted against a background idea 
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of nature and the natural as a guiding principle or ideal. To partly resolve this ten-
sion, I think we can bring least something from the idea of nature as guide—what I 
will call the Imperative of treading lightly. One partial way of making sense of this 
imperative is to utilize Borgmann’s and Thompson’s idea of focal practices. The 
agricultural system offers some potential areas for focal practices, and even highly 
engineered environments should contain ‘pockets of focality’, providing ‘stepping 
stones’ from which a system can be changed. There is room for implementing some 
of these elements within a context of responsible research and innovation, for 
instance in the form of ethics committees for food and agricultural issues.
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Abstract  Crop scientists often claim that gene editing will significantly increase 
food security and other wicked problems. However, various publics are not con-
vinced that the potential risks are offset by the promised benefits. The crux of this 
disagreement is often unpacked in terms of different values, lack of scientific 
understanding, or a failure of crop scientists to viewed as trustworthy. This paper 
revisits the current stalemate between crop scientists and publics, and the result-
ing conceptual meta-impasse in the scholarly literature on these conflicts. It uses 
a policy analysis framework to challenge the traditional view that public policies 
are responses to problems that pre-exist outside of the policy process, waiting to 
be discovered and solved. Instead, if we view policies as containing implicit rep-
resentations of the supposed ‘problems’ that they purport to address, along with 
unrecognized assumptions and silences, it becomes clear that inadequate attention 
has been paid to the framing of the claims made by proponents of these technolo-
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6.1 � Introduction

Don’t search for the answers, which could not be given to you now, because you would not 
be able to live them. And the point is to live everything. Live the questions now. Perhaps 
then, someday far in the future, you will gradually, without even noticing it, live your way 
into the answer. (Rainer Maria Rilke, Letters to a Young Poet)

It is widely claimed in the scientific literature that gene editing of crop plants could 
result in improvements that will significantly increase food security, particularly in 
low- and middle-income countries. The types of potential specific benefits attrib-
uted to use of gene editing in crops include nutritional enhancement; increased food 
safety; enhanced resistance to diseases, pests, and weeds; greater affordability of 
seeds; enhanced climate resilience; and increased biodiversity within cropping sys-
tems (see e.g. Eshed and Lippman 2019). Gene-editing technologies permit targeted 
changes to genomes and are now being widely applied using various constructs 
including the CRISPR/Cas 9 system (Jinek et al. 2012; Zhang et al. 2019). These 
new technologies, together with the availability of complete genome sequences and 
pangenomes associated with many key agricultural crops, allow genome editing to 
be considerably more accurate, predictable, and precise in its effects than were pre-
vious generations of genetic modification (GM) technologies, since gene editing 
changes the plant’s own genes (through making alterations that result in additions or 
deletions, known as cisgenesis) rather than introducing foreign genes 
(transgenesis).

However, various publics1 are still deeply concerned about these sorts of claims 
coming from scientists and others who advocate for use of gene editing in crops. 
They are not convinced that the potential risks (or for many, the notion that there are 
any risks whatsoever, in alignment with a particularly strong version of the precau-
tionary principle) are offset by the promised benefits. The crux of this disagreement 
is often unpacked in terms of different values and lack of shared understandings of 
the available scientific information or facts between scientists and those who may 
use or be affected by gene-edited crops, or a failure of crop scientists to establish 
conditions under which they can be viewed as trustworthy, particularly given the 
commercial imperatives viewed by many to be closely associated with the produc-
tion of GM crops.

This paper seeks to revisit what has become a stalemate between crop scientists 
who use gene editing and other molecular biological techniques, and publics who 
may not be actively opposed but are certainly not supportive of this type of research, 
as well as what arguably has become a conceptual meta-impasse in the scholarly 
literature on these conflicts. My argument is developed by drawing in part on the 
feminist political scientist Carol Bacchi’s tool, “What is the Problem Represented to 

1 The term ‘publics’ as utilized here is drawn from the literature in science and technology studies 
(STS) and indicates a range of diverse groups each of which are unified by interests, responsibili-
ties, roles, or similar, and who tend to share views on particular topics. Individuals typically are 
members of more than one public as a result of the various roles that they hold and communities in 
which they participate.

R. A. Ankeny



99

Be” (WPR) (Bacchi 2009; Bletsas and Beasley 2012). This approach to policy anal-
ysis challenges the traditional view that public policies are responses or reactions to 
problems which pre-exist outside of the policy process, waiting to be discovered 
and solved. Instead, the WPR approach argues that policies contain implicit repre-
sentations of the supposed ‘problems’ that they purport to address, which in turn are 
accompanied by a range of assumptions that generally go unrecognized and unchal-
lenged, as well as a set of silences that are not acknowledged or addressed. These 
representations put the supposed problem into a certain type of category, and thus 
restrict and direct the ways in which policies are enacted. The WPR approach forces 
us to articulate the underlying problem representations and to view them as requir-
ing critical scrutiny, which in turn can lead to both new problem representations as 
well as novel policy solutions.

This tool can be applied outside of its original domain of policy analysis more 
generally to allow consideration of a line of research as a response or reaction to 
problems that exist independently of that line of research. Applying the WPR 
approach in this context allows us to explore how lines of research may contain 
within them representations of the problems that they seek to address, as well as a 
range of assumptions and framings (together with various silences and absences) 
that largely are overlooked. These problem representations need to be exposed and 
subjected to critical scrutiny when considering whether a line of research should be 
supported, and particularly when these lines of research claim to be aimed at creat-
ing real-world solutions. As part of this process of scrutiny, we must ask how the 
problem (and its representations) can be fruitfully disrupted and reframed, so as to 
allow much more productive research focused on a newly articulated version of the 
problem to be solved as well as a more widely shared set of representations or con-
ceptualizations of that problem, or even a completely new problem to be addressed.

When we apply the WPR approach to the case of gene editing in crops, it can 
quickly be seen that inadequate attention has been paid to the framing of the claims 
made by proponents of these technologies in this context, especially about the 
advantages and promises of this technology as compared to GM technologies, and 
that the implicit assumptions that are embedded in these framings are largely over-
looked. Most notably, these assumptions promote gene editing as an ‘answer’ to 
certain types of problems previously associated with GM. However these problems 
are not in fact what various public’s view as the main problems that GM presents. 
There is a deep disconnect between how proponents of GM technologies and how 
publics define the problems that GM seeks to address. In addition, the framing of 
gene editing typically smuggles in a very particular conceptualization of the sys-
tems in which it seeks to intervene, one that relies on holding certain variables or 
factors largely as constant, as is common in controlled laboratory settings. For 
example, critical scrutiny reveals that the rapidly increasing impacts of climate 
change (or, more precisely, our growing recognition of these impacts) have resulted 
in the need to rethink traditional scientific approaches to crop modification research, 
which in turn draw this underlying conceptualization into question.

Central to the processes of critical scrutiny that must be used to fruitfully disrupt 
and reframe the representation of the problem to produce more fruitful lines of 
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research is greater reflection on the values associated with what has come to be 
known as Responsible Research and Innovation (RRI). I argue that growing recog-
nition of the need to reconceptualize the most productive scientific strategies for 
producing novel crops in the context of climate change presents an ideal opportu-
nity for integrating RRI principles into the earliest stages of research planning, 
allowing responsibility to be collectively pursued ‘by design.’ In addition, these new 
scientific strategies associated with producing novel crops provide different fram-
ings to both the problems to be solved and their potential answers (in the form of 
lines of research and their associated future outputs). Such framings are likely to be 
responsive to many publics’ concerns that arose in the context of the development 
and application of GM technologies to crops, or at least have the potential to provide 
a shared platform for engagement and dialogical processes with diverse publics that 
could lead to more inclusive and responsible innovation in this space.

6.2 � Is Gene Editing ‘Better’ than Genetic Modification?

Information can tell us everything. It has all the answers. But they are answers to questions 
we have not asked, and which doubtless don’t even arise. (Jean Baudrillard, Cool Memories)

We have considerable empirical evidence about publics’ views on GM crops: atti-
tudes differ depending on perceptions about what the frame should be for consider-
ing GM (e.g., whether the precautionary principle is invoked), potential benefits in 
relation to risks, who stands to benefit, and the purposes for which GM is to be used 
(e.g., Ankeny and Bray 2016). Attitudes toward use of biotechnologies in food pro-
duction are cautious and tend to be negative (Bray and Ankeny 2017), for instance 
in comparison to use of biotechnologies in medical applications, in part because 
many consumers do not see direct or short-term benefits for themselves, their fami-
lies, or their communities from these types of applications. There is limited empiri-
cal information available on publics’ views on uses of gene editing as distinct from 
GM. We know that consumers and community members often have preferences for 
foods that do not map directly onto the GM versus non-GM distinction. Many prefer 
food that is ‘natural’ (sometimes defined as minimally processed: see Lockie et al. 
2005), locally produced, healthy and nutritious, and additive-free. One study showed 
that 45% of Americans viewed GM foods as ‘unnatural’ and disgusting (Scott 
et al. 2016).

However, the presence or absence of GM ingredients is not necessarily a main 
factor in food choice for many. Many publics have concerns about GM and other 
biotechnological applications that do not relate directly to their use to produce food, 
including the potential effects on farmers of technologies that prevent seed saving, 
the association of these technologies with the consolidation of power and intellec-
tual property by multinationals, and feared environmental impacts from increased 
reliance on agricultural chemicals in farming systems in conjunction with GM (see 
Deckers 2005; Lusk et al. 2018). Food security is thought to be a significant issue in 
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developed countries, for instance according to one study which found that Americans 
are supportive of use of GM to increase levels of domestic crop production in order 
to foster greater food security, but not of GM to produce consumer-related benefits 
such as improving nutritional content or benefits for farmers (McFadden and 
Smyth 2019).

The evidence about attitudes to gene editing and other new breeding technolo-
gies (NBTs) is extremely limited in comparison to what we know about views on 
GM.  At first glance, it seems to indicate that publics are slightly more positive 
toward it than to older forms of GM, and slightly more negative about it than they 
are about food produced using traditional breeding techniques. There appear to be 
more positive reactions to the ‘more targeted’ and ‘less distant’ nature of gene edit-
ing as compared with what are viewed as more ‘random’ and ‘distant’ GM tech-
niques (e.g., Cormick and Mercer 2017; Gatica-Arias et al. 2019; Kato-Nitta et al. 
2019; Batalha et al. 2021; Ferrari et al. 2021; Spök et al. 2022). However, it must be 
stressed that more evidence is required in this domain: it could be the case that this 
relative positivity toward gene editing is a result of framing biases in the research to 
date (for a recent review of the literature on public understandings of NBTs includ-
ing gene editing, see Grant et al. 2021). In one of the few studies that did not pre-
define gene editing and other newer technologies as clearly distinct from GM, 
participants were equally split on whether these techniques were similar or different 
in important ways (Debucquet et al. 2020).

Despite this lack of empirical evidence about publics’ support for gene editing, 
and preferences for it and other NBTs in comparison to GM, many scientists have 
claimed that gene editing is likely to be more acceptable to various publics as the 
science will result in changed consumer perceptions (e.g., Anders et al. 2021). Gene 
editing methods allow changes in DNA without adding any genetic material from 
another organism (and thus are cisgenic rather than transgenic), and it is claimed by 
many scientists that this scientific difference will result in higher levels of public 
support for gene editing than for GM. They also emphasize the precision of genome 
editing techniques, such as CRISPR-Cas9, which produce precise cuts at specific 
DNA loci using site-directed nucleases, and in turn the efficiency and cost effective-
ness of these techniques. Additional advantages of the NBTs as compared to earlier 
forms of GM are the higher speeds at which the changes can be produced and the 
very precise plant breeding which results, which in turn make it possible to target a 
predefined region of DNA. Finally, this precision is said to result in less risk of dis-
ruption of genes and/or regulatory elements in the recipient genome. All of these 
more technical advantages are claimed to be likely to generate greater acceptance 
amongst publics for gene-edited crops than was associated with their GM 
predecessors.

There are numerous problems with this type of argument. First, amongst many 
publics in a variety of locales, the term ‘GM’ (or ‘GMO’) is still widely used by 
those opposed to these types of technologies without distinction between the earlier 
and later forms of technologies including NBTs (Popek and Halagarda 2017). In 
some locales, for instance the European Union, regulations have treated gene-
editing CRISPR-produced crops in the same manner as other forms of GM (an 
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approach which has been criticized by many: see for instance Herman et al. 2019), 
which makes it difficult to disentangle publics’ views on one as distinct from the 
other. Some attribute this to lack of understanding or knowledge about the newer 
technologies but given that many of the same concerns that arose with GM (as out-
lined above) are not significantly different in the case of gene editing and NBTs, it 
may simply be the case that the precision, speed, and type of modification (i.e., 
whether transgenic or not) are not the most relevant considerations for these publics, 
or indeed for regulators.

Indeed, most of these advantages that are generally shared by all forms of gene 
editing are improvements to laboratory processes, but do not automatically have 
positive flow-on effects for typical issues of concern to consumers or publics, or to 
real-life applications of these technologies. For instance, ‘risk’ in these discussions 
of advantages is related to the risk of an off-target effect, whereas ‘risk’ is typically 
conceptualized by publics as a broader concern related to a range of health, social, 
environmental, and even economic risks that may be associated with the products 
and applications that result from such technologies. Similarly, benefits associated 
with gene editing are often said to include lower costs, but again these are primarily 
in the context of the laboratory setting and without consideration of whether these 
technologies will result in more cost efficiencies for the food system for either pro-
ducers or consumers.

These types of NBTs have also been claimed by some pro-gene-editing groups 
to be more ‘democratic’ (Bain et al. 2020; Barrangou 2020) as they will allow more 
access to novel crops without cost and without the need for as much expertise as was 
required to produce GM crops. Note again here that the focus of such contentions is 
on the laboratory end of the process without any evidence about potential democra-
tization for others in the agricultural value chain such as farmers2 or consumers. 
Some scientists have argued that gene editing allows for more innovation without 
being specific about for whom and for what purposes applications of this technol-
ogy count as something truly novel and positive, or about whether they actually will 
produce benefits that flow on to consumers and publics. Publics are (rightly) suspi-
cious about the likelihood of such benefits, particularly without any explicit discus-
sion of how likely they are and on what timelines.

Finally, there is fundamental disagreement about what counts as ‘gene editing,’ 
as can be seen in the diverse regulatory regimes around the world. Some distinguish 
all gene editing from GM, while others require closer examination of the processes 
involved (Lassoued et  al. 2018) and only regulate that which can be detected or 
distinguished from changes that could occur naturally. Interestingly, a survey of 
scientific experts’ views revealed general agreement that those genome-edited crops 
which are transgenic should be regulated as GM, and those that did not involve 
transgenic modifications should not be grouped together with GM for regulatory 
purposes (Lassoued et al. 2019). But what is notable in this way of framing these 

2 It may be the case that some gene-edited crops allow seed saving, unlike most GM crops, and 
hence do permit more democratization in this sense, but again this feature is not unique to gene-
edited crops.
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debates is the focus on the scientific features of the technologies and their ontolo-
gies to the exclusion of other important considerations, such as perceptions and 
views particularly of publics: to make claims that GM and gene editing (and other 
NBTs) are (or are not) fundamentally different from each other and hence warrant 
particular types of similar (or different) regulation is to overlook the primary pur-
pose of regulation, which is about providing oversight and making policy (i.e., 
social) decisions.

Thus it can be seen that inadequate attention has been paid to the framing of the 
claims made by proponents of gene editing and NBTs in the context of crop science 
and agriculture, especially about the advantages and promises of this technology as 
compared to GM technologies, and the implicit assumptions embedded in these 
framings. Notably, these assumptions promote gene editing as an ‘answer’ to cer-
tain types of problems previously associated with GM, when these problems are not 
those that various publics have viewed as those represented by GM.

6.3 � What Is the Question: Or, What Should Crop Gene 
Editing Be Used For?

Our minds thus grow in spots; and like grease-spots, the spots spread. But we let them 
spread as little as possible: we keep unaltered as much of our old knowledge, as many 
of our old prejudices and beliefs, as we can. We patch and tinker more than we renew. The 
novelty soaks in; it stains the ancient mass; but it is also tinged by what absorbs it. (William 
James, Pragmatism: A New Name for Some Old Ways of Thinking)

In this section, I argue that the framing of gene editing by many scientists typically 
smuggles in a very particular conceptualization of the systems on which it seeks to 
intervene, one that relies on holding certain variables or factors largely as constant, 
as is common in controlled laboratory settings. However, critical scrutiny reveals 
that the rapidly increasing impacts of climate change (coupled with our growing 
recognition of these impacts and the need to quickly deliver real products for farm-
ers) have resulted in the need to rethink traditional scientific approaches to crop 
modification research, which in turn draw this underlying conceptualization into 
question.3

Particularly during periods in which technology development has been the key 
focus, the emphasis in crop science has been on traits that are valuable due to the 
understanding that they can provide about fundamental mechanisms in plants, espe-
cially in the context of research conducted in university settings. In contrast, research 
associated with commercial activities has tended to focus on those traits which are 
easily accessible in technological terms but (unsurprisingly) which also are associ-
ated with marketable products. In both cases, research has largely proceeded 
without adequate attention to the relationship of these sorts of traits to societal 

3 This section draws heavily on the scientific arguments made in Bowerman et al. (2022), on which 
I am a co-author.
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priorities or benefits. This research also has tended to prioritize basic or fundamen-
tal research approaches which occur largely in laboratory settings, with limited test-
ing or deployment in the field or exploration of potential real-life applications.

To take just one example, increased yield is often viewed as a main goal in crop 
biotechnology, and indeed yields are said to have tripled in the past five decades via 
conventional and GM technologies (Ritchie and Roser 2021). Such an emphasis is 
often claimed to be aligned with the need to increase global food security. However, 
many publics are concerned about increased yield because to them it appears to 
primarily produce benefits for those who grow crops (farmers or corporate entities) 
and for seed sellers and breeders. However increased yield has the potential to result 
in use of more resources unless coupled with clear limitations on the amount of land 
and other inputs, and to have adverse environmental effects in the longer run. More 
importantly, pursuit of increased yield may be in conflict with other desirable traits, 
notably resilience, as will be discussed in more detail below.

Many crop breeding programs target genetic vigor (e.g. Richards et al. 2002), 
with higher yield, quicker maturity, and greater stability being the typical sorts of 
traits pursued. In order to produce genetic vigor, considerable genetic variation 
must be created with which to work, along with repeatable target phenotypes and 
highly accurate selection processes particularly in early segregating generations, all 
of which can be difficult to obtain in non-laboratory settings. In a sense, the very 
notion of ‘genetic vigor’ requires a static definition of what counts as ‘vigor’ in any 
particular crop variety without adequate consideration of changing contexts includ-
ing different locales and/or variable environmental conditions in the same locale 
over time.

More generally, much research in molecular crop science proceeds by treating 
crops in isolation instead of as integrated systems with important connections to the 
soil, broader environmental conditions, and so on. The limits of such approaches 
can be seen in the mixed results of various lab-based improvement efforts. Take the 
example of narrowly defined measures of ‘resistance’ to abiotic stress: attempts to 
translate laboratory-based efforts to produce greater resistance to abiotic stress have 
mostly failed due to a narrow focus, for example on a specific stress in a certain tis-
sue, rather than on optimization of resource use efficiency across the growing sea-
son (see the review in Passioura 2020). Similarly, identification and growth of 
cereals with low salt accumulation processes measured over a lifetime in field trials 
was more successful in terms of yield and other qualities than were efforts to target 
genes which improved resistance to short, focused episodes of salt stress (Munns 
et al. 2012).

In addition, crop traits tend to be viewed singularly and in competition with each 
other. Newer approaches are exploring how greater variability might be created in 
the ways in which crops respond to different environments by stacking traits addi-
tively, rather than antagonistically, and hence creating more options and potentially 
more resilience. So rather than taking a single target approach, some crop scientists 
are advocating use of integrative methodologies that allow modelling of a range of 
reactions based on multiple traits in an integrated system, for instance interactions 
in response to photosynthesis (see Wu et al. 2019).
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These alternative approaches are particularly exciting because of the reality of 
what many scientists and publics agree is the most important problem currently fac-
ing us, and in turn the problem that has considerable potential to be targeted by 
NBTs and other crop biotechnologies: climate change. The race to use technologi-
cal interventions to keep pace with the effects of climate change arguably is being 
lost: for instance, in some geographic localities such as Australia, current genetic 
gains in yield are not offsetting losses ascribed to climate change (Hochman et al. 
2017). Changes in climate also have significantly reduced broadacre farming profit-
ability, evidenced by a 22% decline in Australia since 2000 (Hughes et al. 2019). 
Future projections are no less troubling: for instance, wheat production is estimated 
to fall by up to 7% under a scenario of 1.5 °C warming above pre-industrial condi-
tions, and up to 11% under a 2  °C scenario (Liu et  al. 2019; Zaveri and Lobell 
2019). Future risk for yield losses for maize is estimated to be 6% higher than the 
historical risk (especially in India), while soybeans (particularly in the USA, Russia, 
and India) have risks of up to 16% and rice in southeast Asia up to 19.5% (Leng and 
Hall 2019). Significant impacts on a range of traits, including increased soil salini-
zation and reduced nutrient availability, are predicted due to climate change.

Climate change will not only produce extremes but also surges, for instance in 
compound drought and heatwave events including those that occur within crops’ 
growing seasons. For example, studies suggest that more than 92% of wheat-
producing areas experienced at least one compound drought and heatwave event in 
each growing season between 1981–2020, with a 28.2% increase in frequency and 
33.2% increase in duration as well as rapid spatial expansion of these compound 
events over the time period studied (He et  al. 2022; see also Brás et  al. 2021). 
However such impacts are largely ignored, especially on a global scale, and espe-
cially when considering how to structure targets and approaches for molecular crop 
science research. Variability and uncertainty are likely to be increasingly critical 
concerns: conventional as well as gene-based breeding methods rely on measurable 
traits and targets, and struggle to be applied in unpredictable conditions including 
where variability is highly increased within growing seasons. For instance, between 
2010 and 2022, southeastern Australia has experienced every decile of annual rain-
fall. How can researchers define the ‘average environment’ for a crop, let alone 
develop crops that are responsive and resilient against this background of uncer-
tainty and complexity?

Some scientists argue that it is important to re-envisage the aims of crop science 
research to produce more dynamic and agile farming systems that can better respond 
to highly variable and more extreme environments, as well as to the increasing fre-
quency of extreme climatic events (Bowerman et al. 2022). However, such a vision 
requires fundamental shifts in how molecular crop science is performed, away from 
focus on individual traits in isolation from their various real-world contexts, to use 
of more complex methodologies including modelling of genotype and environmen-
tal interactions and use of multiple field sites which are not highly standardized but 
instead vary in a real-world manner in terms of climate, soil, and resource availabil-
ity (as an example, see Crespo-Herrera et al. 2021 on use of Target Population of 
Environments [TPE] methods in India).
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In summary, the reality of climate change is pushing crop science, and particu-
larly GM and gene-editing research, not only in new directions but toward a funda-
mental shift in the framing and approaches associated with this type of research. 
Although this point is speculative, it may be that such shifts could provide the basis 
for increased public engagement with and even support for this type of research, 
given that publics are not particularly impressed with the benefits to date of single 
trait-focused GM and NBT research programs, and are evidencing increased con-
cerns about climate change and environmental effects.

6.4 � What Does Responsible Research Innovation (RRI) 
in this Space Require?

It is not the answer that enlightens, but the question. (Eugène Ionesco, Découvertes).

As argued in the previous section, there is growing recognition of the need to recon-
ceptualize what are likely to be the most productive scientific strategies for produc-
ing novel crops in the context of climate change in terms of multiple traits in the rich 
contexts (geographic, climatic, and otherwise) in which they occur, rather than 
focusing on maximizing individual traits in highly idealized and static laboratory 
conditions. I contend that this transition in methods in the molecular crop sciences 
presents an ideal opportunity for integrating responsible research innovation (RRI) 
principles into the earliest stages of research planning and allowing responsibility to 
be collectively pursued ‘by design.’

It is clear that past engagement with publics about GM technologies and prod-
ucts has not been effective if we take a main goal to be fostering reflexive dialogue 
and debate, including greater debate about identifying problems and possible solu-
tions. This new era of gene-editing technologies provides an opportunity to foster 
open, transparent, and inclusive societal debate about these technologies in align-
ment with RRI principles and processes, including whether and how they should be 
used, particularly to create resilient and sustainable solutions which are responsive 
to climate and environmental challenges. It is especially important to foster genuine 
and robust inclusion processes for interested publics. Use of RRI-associated prin-
ciples could produce longer-term benefits by guiding scientists, publics, policymak-
ers, and others toward “a collective commitment of care for the future through 
responsive stewardship of science and innovation in the present” (Owen et al. 2013) 
especially in the wake of climate change.

It is essential to recognize the radical nature of this new starting point. It might 
initially seem that gene-editing research is part of a continuum with previous GM 
and conventional breeding before it (and indeed scientists and policymakers often 
rely on this type of argument). However, when coupled with a fundamental shift in 
the framing of this type of research to focus on integrated systems contextualized 
against the background of the novel issues presented by climate change, there is the 
potential to restart dialogue and discussions about these technologies. I contend that 
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the best way to engage in these processes is to use what has been described as 
‘responsibility by design’ (RbD) approaches (for a review of early related articula-
tions and applications of this concept, see Stahl et al. 2021).

The concept of RbD refers to embedding reflexive engagement with publics in 
the earliest stages of research by fostering debate about the desirable endpoints of 
the research that is being proposed, as well as potential concerns, risks, and benefits. 
In a sense, RbD is a corrective to typical approaches to RRI, where ethical and 
social considerations are often introduced relatively late, for instance after decisions 
have been made to pursue a particular line of research or a certain type of project, or 
after funding or institutional structures have been established that constrain activi-
ties and how they are framed. In these types of cases, RRI arguably serves primarily 
to legitimize these initiatives and perhaps tweak or shape them in more minimal or 
even trivial ways. In contrast, RbD makes responsibility literally part of the design 
of the project or line of research by drawing on evidence relating to RRI principles 
such as anticipation, reflection, and engagement to decide what the problem to be 
addressed is, whether and what kind of research should be developed, and how.

In addition, RRI often is viewed as an external imposition on researchers, a sort 
of policing effort that is external to scientific practices, frequently as a result of 
funding or institutional mandates (think about the proliferation of ELSI and ELSA 
programs associated with genomic research). RbD instead emphasizes that consid-
eration of various concerns, possible benefits, and potential risks and negative future 
impacts should be embedded into the very design of applications of any technology 
particularly because it will occur within broader social contexts, and that such 
design should occur collaboratively with interested publics. Such collaborations are 
not only useful as forms of communication or engagement, but also because they 
create spaces in which alternative solutions might be proposed, especially because 
publics often ask difficult questions about assumptions or framings that otherwise 
tend to become invisible or blackboxed within scientific communities.

An additional key value associated with RRI and RbD is described as ‘opening 
up’ processes associated with innovation, particularly to foster diversity, inclusivity, 
and equity. However, opening up typically takes the form of mere inclusion of addi-
tional parties to the conversations, often in the form of engaging publics on a limited 
basis (e.g., through micropublic participatory events or similar). An important com-
ponent of processes that genuinely seek to open up these dialogues is the incorpora-
tion of novel perspectives, which has been argued to require careful consideration 
of how issues are framed and might be reframed (van Mierlo et al. 2020). Given that 
the evolving scientific strategies associated with crop science in the light of climate 
change provide different framings of both the problems to be solved and the poten-
tial answers to these problems (in the form of the technologies to be used, and the 
lines of research to be pursued and their future outputs) associated with such prob-
lems, a critical opportunity is presented in this space.

The limited available empirical evidence does suggest that there may be some 
willingness on the part of some publics be more positively inclined toward novel 
crops modified to be more resilient particularly in response to climate change if they 
indeed benefit farmers (especially those seen as family farmers as opposed to 
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multinationals or corporates), or if the crop fulfils other beneficial desiderata such 
as reduction of agrochemical use or documentable environmental benefits (specific 
traits or applications are of course likely to be received in different ways by publics 
depending on their individual characteristics). However, paying much greater atten-
tion to processes associated with framing and reframing both of our questions and 
the potential answers or responses to them may well result in dialogue that is more 
responsive to many publics’ concerns that arose in the context of the development 
and application of GM technologies to crops. Publics should be involved in identi-
fying the most pressing questions rather than simply being presented with potential 
preformed solutions that they are asked to adjudicate between. Given broadly shared 
agreement around the pressing nature of climate change, use of RRI and RbD pro-
cesses has the potential to provide a shared platform for reflexive crafting of research 
programs by scientists together with diverse publics that could lead to more inclu-
sive and responsible innovation in the space of crop gene editing.
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7.1 � Introduction

Recent STS and critical policy studies scholars have called for more authentic pub-
lic engagement to inform the use and governance of emerging biotechnologies in 
agriculture (Jasanoff and Hurlbut 2018; Macnaghten and Habets, 2020; Kuzma 
2021). Concerns around the ethical, social and environmental dimensions and 
implications of emerging genetic technologies in agriculture, such as gene editing, 
have led to diverse responses from policy makers, industry actors, NGO representa-
tives, government agencies and academics toward engaging with publics to attempt 
to address these concerns.

STS scholarship has argued that robust and authentic public engagement needs 
to consider factors beyond strict risks and benefits, and should include concerns 
such as diverse value systems and epistemologies. Inclusion of broader social and 
ethical considerations are also thought to contribute to more ‘responsible innova-
tion’ and governance processes for new and emerging technologies that can be 
anticipatory of impacts, responsive to societal values and include multiple framings 
of the issue (Stilgoe et al. 2013; Bellamy et al. 2017; Macnaghten 2016). As such, 
one proposed outcome of public engagement is to inform upstream models of gov-
ernance, that is anticipating and responding to public concerns related to innova-
tions rather than managing risks, before new technologies become adopted and 
‘hardwired’ and therefore difficult to challenge or reverse (Macnaghen et al. 2005; 
Macnaghten and Chilvers 2014).

Recent critical policy studies work on governance and regulation of biotechnol-
ogy in agriculture argues that the intractable nature of many social and ethical issues 
in agriculture, and little progress in their resolution, suggests that more public 
engagement will not solve “wicked problems” such as how to regulate gene editing. 
Wicked problems (Rittel and Webber 1973) lack a shared problem definition, 
involve conflicting facts and values and are difficult to solve. Simply providing 
additional opportunities for engagement that reproduce the format and parameters 
of previous public engagement will not resolve stalemates around issues. 
Alternatively this work points to the need for more explicit politicization around 
societal debates and decision-making (Mampuys 2023). Rather than cloaking con-
sensus decision making processes under the veil of scientism or delaying decisions 
due to continued uncertainty, critical policy scholars advocate for exploring the 
range of divergent and conflicting values-related concerns that may arise from new 
technologies (Poort et al. 2022; Mampuys 2023). Moreover, they suggest that more 
genuine stakeholder participation is only possible if participants and the delibera-
tion design meet particular ‘participation ethics’ criteria, in which both the partici-
pants and the deliberation design are set up to allow and even encourage dissent, as 
well as include a mutual willingness to consider differing views, and pros and cons 
(Poort et al. 2022: 1213). These two approaches to navigating social, political and 
ethical issues in the use and governance of gene editing in agriculture —more 
authentic public engagement and/or politization around these issues— shape the 
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questions animating the paper. The broad research question (s) that guide the paper 
include:

•	 Can we enact more authentic public engagement around use and governance of 
controversial science and technology issues, specifically gene editing in agricul-
ture and food?

•	 What values assumptions and concepts are framing the discussion of the impacts 
of gene editing for agriculture?

•	 Are public engagement efforts, such as deliberative workshops, useful for reveal-
ing multiple framings of issues, and conflicting values?

This paper is a first attempt to wrestle with these issues. I come to these questions 
committed to the practice and promise of public engagement. This paper analyzes 
the discursive process, and the outcomes of a deliberative workshop organized to 
engage publics around social and ethical issues related to biotechnology use in agri-
culture, and aspirationally, as a way to inform more equitable governance of these 
technologies.

7.2 � Designing More Authentic Public Engagement in Gene 
Editing and Agriculture and Food

STS scholars have promoted public engagement in science and technology through 
venues such as deliberative workshops in to order to engage key actors in providing 
an ‘upstream’ participatory appraisal of the use of and governance approaches for 
emerging technologies (Pidgeon et al. 2017). Within STS, deliberative workshops 
have been informed by Responsible Innovation Framework (RIF), which aims to 
elicit key actor deliberation and input on public knowledge, concerns, and values 
before a new technology is deployed and before policies and standards are estab-
lished (NAS 2017; Partridge et al. 2017; von Schomberg 2019). Recent STS litera-
ture has called for the application of RIF to engage with more diverse publics, 
including those with different epistemologies, as well as differing cultural and live-
lihood concerns, and to inform globally inclusive governance of emerging technolo-
gies, such as gene editing in agriculture (Macnaghten et  al. 2015; Jasanoff and 
Hurlbut 2018; Kofler et al. 2018; Andanda 2019, Macnaghten et al. 2019, Kuzma 
and Grieger 2020).

STS literature also interrogates the public in public engagement, that is: who are 
publics, how are they constructed, defined, by whom, and for what purpose? 
Conventional social science research and public participation processes often 
engage publics as individual citizens, or as stakeholders who represent a group with 
particular interests, such as NGOs, and consider the public as static and stable par-
ticipants in engagement processes. This “residual realist” approach sees publics as 
defined a priori, as an aggregation of individuals or as representatives of particular 
groups, and participatory practices as composed of specific prescribed formats, 
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tools, and techniques that are usually pre-defined (Chilvers and Kearnes 2020). In 
contrast, STS scholars take a constructivist and relational approach in arguing that 
‘publics’ are constructed or co-created in the process of engagement, rather than 
being a pre-defined group who has particular ‘stake’ in an issue. STS scholarship 
has also highlighted the important role played by imaginaries, or assumptions about 
publics and futures, in constructing public engagement, in shaping and sometimes 
constraining the way in which opportunities for public engagement are framed.

How can we design more authentic public engagement in controversial science 
and technology issues, such as gene editing in agriculture and food? While an ideal-
ized option for remaking participation might include explicitly creating new experi-
mental forms of participation, a more feasible option proposed is to revise existing 
participatory formats in order to infuse them with more reflexive intent (Wynne 
2016). Chilvers and Kearnes (2020) offer a framework for remaking participatory 
practices in science and technology. They suggest the need for a commitment to 
reflexive participatory practices and experiments, which attends to the framing 
effects, as well as openings provided by participatory practices, including who are 
the objects and subjects of participatory practices, and what models or types of 
practices are being employed. This “reflexive participatory practice” approach 
acknowledges how publics and imaginaries are framed and performed in participa-
tory practices, which may range from formal public hearings to public engagement 
processes such as deliberative workshops (Macnagthen et al. 2019; Chilvers and 
Kearnes 2020). This approach foregrounds questions such as who is included and 
excluded in these public engagement venues; how are issues being framed within 
the engagement practice; what issues are being discussed or avoided; what are the 
end goals of participation; and how does the structure of the participatory exercise 
or public engagement processes affect the discussion?

Relational and constructivist approaches to publics and engagement practices 
clearly pose methodological, empirical and practical challenges, both in terms of 
the structuring of public engagement, as well as in analyzing the structure and con-
tent of the engagement. However, as scholars have noted, situated empirical studies 
of public engagement practices related to emerging technologies are needed to 
unpack how publics are constructed and co-produced, how public engagement is 
framed, and with what impacts (Macnagthen et al. 2019).

Narrative approaches to analyzing texts and democratic engagement practices 
have been advanced in STS studies (Macnaghten et al. 2019; Middleveld et al. 2023; 
Macnaghten 2021; Moezzi et al. 2017, Raven 2017). Narrative approaches “explore 
the interactive qualities of public talk and modes of collective sense making” that 
can emerge when publics engage around issues such as emerging technologies 
(Macnaghten et al. 2019: 505). Narratives are described as efforts toward forming a 
shared vocabulary or story within which to attribute meaning and common under-
standing to topics that may be scientifically complex, not well understood, and/or 
contentious. Narratives often underpin both the development of scientific and tech-
nological products and the cultural practices that can make them culturally mean-
ingful. Narratives operate as stories with distinct storylines and characters, and can 
play a performative role in engagement processes.
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Analyzing narratives requires attention to the forms of talk that are generated in 
particular discussion formats, and how choices, such as the design of the public 
engagement process, and the position and role of moderators, facilitate particular 
kinds of discussion. Narrative analysis of the deliberative workshop not only allows 
us to focus in on how participants co-construct the meaning and purpose of public 
engagement around biotechnologies but also contributes to reflexivity about how 
the structure, format, role of moderators and participants in the workshop all shaped 
the narrative. Drawing on Macnaghten et al. (2019) in my analysis of the delibera-
tive workshop text below, I broadly ask: what are participants substantively con-
cerned about when they are discussing gene editing in food and agriculture; how are 
these concerns produced in interactive discussion; and what narratives (or stories) 
do they draw on in their response to the questions guiding the deliberative workshop?

In the first section, I attend to how the social and physical context shape the dis-
cussion at the deliberative workshop, and how the moderators frame and shape the 
discussion. Then I move on to analyze what is said (content or story) as well as how 
it is said (talk), including whether and how participants engage in consent/dissent. 
The verbatim transcripts of the discussion were analyzed to identify the key narra-
tives, discursive frames and recurrent themes, that different actors employ to con-
ceptualize and communicate about the role of publics and public engagement in the 
development and use of gene editing.

7.3 � Case Study: Deliberative Workshop on Public 
Engagement and Governance of Gene Edited Agriculture 
and Food

7.3.1 � Background and Context

The deliberative workshop took place in person in Washington DC, in February 
2022 in the post-COVID context and notably was the first in-person workshop for 
most of the participants. In terms of who was invited and participated in the work-
shop, it is relevant to reflect on how we, as researchers, defined ‘publics’ and how 
they were recruited. The research team made the decision to recruit representatives 
of key organizations in the public debate around gene editing in agriculture and 
food. The representatives of organizations who did participate represented the bio-
tech industry, NGOs (environmental, food and consumer), agriculture/biotech 
industry organizations, food/retail sectors, and commodity trader/handlers. We 
attempted to recruit a diverse group of stakeholders, in terms of gender, race, type 
of organization, and orientation/position toward gene editing in agriculture and food 
(GEAF). However, we decided not to invite federal agency employees because we 
assumed they would not likely stray from the official government line to engage in 
and deliberate broader issues of governance and engagement. In the end, we had 
nine participants (3 women and 6 men). No representatives from organic and/or 
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sustainable agriculture organizations or representatives from Native organizations 
opted to come, although several were invited. None of the participants was 
BIPOC. Because we were required to disclose that the workshop was part of a proj-
ect funded by USDA, this likely also affected who chose to attend, and influenced 
some people not to attend. While we did want to include critical voices, we also did 
not want to create a situation that ended in deadlocked debates, in which people just 
reiterated their positions and would not engage. However, the representatives of 
more critical organizations whom we invited were, in fact, not very critical voices.

It became immediately apparent in the beginning of the workshop that many of 
the participants had prior relationships, and clearly had interacted on these issues 
before. However, it is also important to remember that these individuals chose to 
attend—to be able to articulate their positions in a public forum, for a project funded 
by the USDA.

The participants were:

P1. Representative from environmental research organization.
P2. Director at a nonprofit food and nutrition consumer organization.
P3. Head of government regulatory affairs for biotech start-up company.
P4. Director of Food Policy at non-profit organization.
P5. Policy director at non-profit organization focused on food safety.
P6. Executive director of a food industry association.
P7. Senior scientist at an environmental NGO.
P8. Member of regulatory affairs team for a global commodity trader/processor.
P9. Representative from a biotech members organization.

The facilitators at the workshop were academics on the research team from the dis-
ciplines of Sociology, Environmental Science, Agronomy, Bioethics, and Science 
Communication. Many had previous experience facilitating focus groups, work-
shops, but not in running a deliberative workshop per se.

7.3.2 � Workshop

7.3.2.1 � First Session: Introduction and Overview to the Workshop

The goal of deliberative workshop was described by a research team member to the 
participants as:

One of the big questions that motivated our team is, the question of… will the history of 
gene edited foods replicate the history of GMOs? Or can it look different? …So our goal 
for this deliberative workshop was to bring together a key, core set of stakeholders repre-
senting divergent perspectives on gene edited foods, where we could present some of our 
key research findings, and have you engage with those findings, as well as with some key 
guiding questions that we have. And for you to deliberate these questions.

Upon reflection, the introduction and overview clearly set the stage for asking the 
participants to think about how public engagement around GEAF could be less 
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contentious and less intractable than past experiences with GMOs, and by implica-
tion, be more “successful” in gaining public acceptance of gene-edited food. 
Participant roles were identified by the research team as being representatives with 
divergent viewpoints on this issue, and the participants’ task was to engage with our 
research findings and our questions about public engagement and governance.

In the first session, the Research Team gave an overview presentation about the 
research findings to date, including results from a public opinion survey on gene 
editing, and an analysis of media coverage of gene editing in the US and 
EU. Workshop participants immediately responded, even interrupted, to ask several 
questions and voice critiques about the survey design and findings, question word-
ing related to gene editing in our survey, and the validity of the mass media content 
analysis—the intent of their narratives seemed to be to question the validity of what 
the research team presented. An example quote from a participant illustrates this:

My question is that if the results [of the survey] would really be materially different if 
instead of saying gene edited you said mutagenesis. So in other words, are the results really 
driven by gene editing specifically? Or are they driven by an unfamiliar biological term that 
may cause some concern? …Well, I think we know that they [the public] don’t really under-
stand [the technologies], and that’s okay. I’m saying they don’t distinguish. I don’t think 
those responses are necessarily, I don’t think you establish causation between gene editing 
and those responses directly.

In this quote, the participant not only highlighted the public’s lack of ability to 
understand scientifically complex technologies like gene editing, but also under-
mined the research findings and the research team’s ability to accurately measure 
public perceptions of the biotechnology. Many of the participants seemed eager to 
demonstrate their expertise on the subject and to aggressively assert their dominant 
knowledge.

7.3.2.2 � Second Session: The Deliberation on Public Engagement

We transitioned into the second session focused on “Public Engagement in Gene 
Editing in Agriculture and Food” which consisted of two breakout groups which 
then reconvened as a larger group. Moderators asked the participants in both groups 
to engage in deliberation around three questions. The moderators were fairly hands-
off in their facilitation, but would intervene if the discussion strayed too far away 
from the questions posed. When presenting the questions for discussion, the research 
team reiterated to participants that “we view you as experts in this arena.”

•	 What role does public engagement play in gene edited food development and 
oversight?

•	 What are the most important priorities that should be addressed regarding public 
engagement of gene edited foods?

•	 What are your recommendations for the USDA regarding the future of public 
engagement concerning gene edited foods?

7  Unpacking Public Engagement in Agricultural Biotechnology: The Role…



120

7.4 � Narrative Findings from the Deliberation 
on Public Engagement

The narratives that emerged the two each break-out groups were quite distinctive. In 
broad terms, one group focused on the individual level, on the importance of trans-
parency for consumer choice, trust, and the importance of shared values when dis-
cussing the role of public engagement. The other group was more contentious, and 
disagreed on broader issues related to the role of publics, government and industry 
in pubic engagement and in governing GEAF. The moderators from the research 
team were fairly quiet and passive, intervening mostly as time-keepers and to get the 
group back on to the topic if they had strayed. In the discussion below, I describe the 
main themes that emerged from each group’s dialogue.

Break Out Group 1  This group was very conversational and consensual, and no 
one really disagreed with what others had said. Their narrative about the role of 
public engagement tended to be focused on individuals, consumer choice and trust, 
and personal decision making, rather than organizational or structural level issues. 
The main themes surfaced by this group were the following: the need for consumers 
to feel there is transparency, that consumers can trust what is in their food, and that 
the best way to accomplish these goals is to create “shared values.” The importance 
of having shared values, rather than providing consumers or publics with detailed 
scientific information, was stressed several times, with references to the mistakes 
made with the introduction of GMOs. The word transparency was used 21 times in 
this group. This group also addressed the question of who are ‘publics’ and articu-
lated that different publics have different needs.

Themes
It’s Totally about Transparency: people need to know what they’re eating, 
what they’re feeding their children transparency is in the Eye of the Beholder

The importance of transparency for consumers about what is in their food was 
reiterated multiple times by different participants in this group. In order to gain 
consumer trust, they suggested that both industry and government need to provide 
transparency by sharing information about food products, including gene-edited 
products, and importantly for some, on a product-by-product basis.

There was recognition that federal agencies are not providing appropriate over-
sight or transparency by informing consumers. The fact that gene-edited foods are 
in the market, without any labelling or way to identify them, was concerning for 
members of the group, including both NGO leaders and food industry representa-
tives, and pointed to the lack of transparency

… the only solution here is serious transparency in the products. You know, and what we 
don’t have right now, … is serious transparency in the product. …And so, but we don’t have 
any sort of, we don’t have any way to identify right now, the [gene edited] products on the 
market. I should say that differently, I should say that [?], a number of products on the 
market are in no way identified as gene edited behind the current regulations, right, and the 
SECURE act. I found that remarkable that the industry, the food industry went along with 
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that, because it meant that our products are non-transparent for export to countries that 
won’t accept our products and I thought economically that would not fly and the act will go 
nowhere. But I was wrong, which I often am on politics. And so what I think is, it’s funda-
mental for public engagement, at any level, to have greater transparency.

Providing transparency was important for gaining consumer acceptance and buy-in 
for gene- edited agriculture and food. In addition, participants suggested that prod-
ucts with ‘consumer benefits’ such as health or nutritional benefits, need to be 
developed and released first in order to gain consumer demand and acceptance.

From the retailer’s standpoint, we’ve been trying to encourage, to …make sure that those 
first few [products] really resonate with the consumer as providing them with a health ben-
efit, or sustainability benefit that resonates with them. And you cannot trust that they [con-
sumers] will connect the dots, that if it’s for the benefit of the farmer, they don’t connect that 
that’s for their economic benefit as well, or for the benefit of the environment. They don’t 
connect that, so it can’t be for the benefit of the farmer, it has to be for the benefit of the 
purchaser.

Participants stressed the need to take a different approach than had been done with 
GMOs which failed to gain consumer acceptance in part because the benefits were 
only for farmers, and because anti-GMO activists were successful at galvanizing 
consumers with the message of consumer’s right to know and right to buy. In dis-
cussing the failure with transgenics, participants stressed that rather than telling 
consumers to “trust the science,” they [gene editing proponents] need to understand 
the importance of “shared values”. One participant described shared values as: 
“how [this] fits with other individual values, and perceptions… and the fundamental 
question then is, who do they trust? Where do they get their information? How do 
you start to work through those channels in order to help massage a decision?”

Another participant stressed again the importance of developing gene-edited 
foods that connect with consumer values, such as concerns about environmental 
benefits, and consumers’ right to know:

we’ve got to understand that from the industry standpoint, that the science may be on our 
side in spades, but it doesn’t matter if we don’t say, you know, shared values, if we don’t 
connect with the consumer at a level that they understand and a level that they think and it 
may be economic and it may be about a value, it may be that this is better for the environ-
ment but we got to find whatever it is that resonates with them, with each of those groups 
and put that out there because they have a right to know what they’re putting in their mouth, 
and what they’re putting in their body.

We Need to Define Public Here
This group also focused in on the question of defining publics (who is the consumer, 
which consumer), and the need for differentiating publics and their particular inter-
ests and values relative to gene-edited foods. How to communicate and provide 
transparency depends on who is involved. Again, these participants stressed the 
importance of responding to publics’ concerns and values, rather than assuming that 
science will convince them of the safety and efficacy of gene-edited foods. 
Participants also highlighted the need to ensure that public engagement included 
communities who have been historically marginalized.
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I always get frustrated when people ask me, ‘What does the consumer think about this?’ 
Because I want to say, which consumer are you talking to? And I think we’ve got to under-
stand that not one size fits all. We’ve got to understand not only in terms of what are the 
important priorities, but what’s the important priority for each of our groups that we’re 
trying to reach. If we’re trying to communicate either transparency or information or what-
ever values, then we’ve got to know what are their needs, and try to address that rather than 
trying to say, but the science says, you know, for some, that doesn’t apply.

I totally agree. I also think we need to define public here. Because there are the publics 
who are most commonly valued, and there are the publics who are disenfranchised, and 
often not valued. And we need to be able to engage with the entire set of publics, and not 
just a particular group. And there are some very differently held values and therefore the 
transparency has to be conveyed differently to some groups…. And then we’re very con-
cerned … we’re really trying to make sure that there’s environmental justice.

Federal Agencies Should Be Bold and Clear
Participants in this group agreed that consumers, NGOs and other stakeholders want 
federal agencies to be clear in establishing rules and guidelines for the governance 
of gene-edited foods. They criticized federal agencies for not being transparent or 
clear in communicating with the public, and for relying on one-way communication 
to publics via official documents. Participants identified their own challenges in 
engaging the USDA, which they attributed in part to the agency being beholden to 
industry.

But I will say that part of it our research has said, how do you want this decision made, and 
they [consumers] don’t want it by ballot initiative. They don’t want it by legislation, they 
want the agency [USDA] to come out, bold and clean and clear about it. And getting the 
agency to be bold and clear is problematic. Because when USDA thinks that they commu-
nicated, they think it’s been published in the Federal Register.

You asked, who are the people, who are the entities, the publics that we have tried to 
engage that haven’t been engageable. I would say the agencies, at the moment, are almost 
the hardest to engage, because they’re so concerned about their constituents, and their con-
stituents are fairly powerful in a variety of ways. And of course, there’s been a lot else going 
on in those poor agencies … But at the moment, you know, it [a company] doesn’t have to 
reveal how they made the product, just reveals that the product exists and is being marketed.

There is an industry component to it as well. I think they’ve got to go hand in hand [with 
agencies] … I don’t know if that means mandatory labeling or not. But the registry, at least 
whatever the consumer can, consumer needs to know that the agencies are keeping their eye 
on the prize, and that they’re keeping them safe on this.

Break Out Group 2  This group discussed the role of public engagement using 
completely different narratives than the first group, and more disagreements were 
expressed between participants, especially about the role of publics and government 
in the regulatory or governance system for gene edited agriculture and food. 
Participants focused on regulatory and organizational concerns, rather than on con-
sumers or issues such as trust or shared values.

For this group, public engagement meant that the public needs to play an over-
sight role over the government to ensure that the government is independent and 
transparent. There was also contention about the public having a role in oversight. 
Industry was also highlighted as playing an important governance role, and in 

T. Selfa



123

engaging publics, however a need for more publicity about industry actions was 
noted. Government agencies were criticized, and public-private partnerships were 
advanced as important governance tools. Nonetheless, some industry participants 
admitted that if industry continues to push for fewer government regulations, it will 
lead to industry needing to take a greater role in governance. A dissenting voice 
stated that the public should play no role in governance. The range of narratives 
expressed by participants are reflected below.

Public Engagement for Government Oversight, Regulation  
and Company Input

I think there’s a role for public engagement, a role for the public in oversight, government 
oversight [or non-government oversight]. … My view would be the government has regula-
tions, [but] there’s a role for the public to oversee the government to make sure the govern-
ment is independent, and things like that. So, there’s always a role, no matter what regulatory 
system the government has, in my mind, there’s a role for the public to oversee that regula-
tion… The US public’s role is to oversee the government. …I think there’s a role for publics 
and I think there’s transparency and the role of the public is to make sure things are 
transparent.

So I kind of think about it in two ways. So I think about the role that the public plays 
both in the regulatory system, right, there’s a role for the public in the regulatory system 
through comment and whatnot. And then there’s a role for the public in everything that’s not 
the regulatory system, that influence in how companies are able to and how developers are 
able to get stuff to the marketplace. And that could look like companies having those one-
on-one conversations with stakeholders. That could look like people watching public 
campaigns.

The question is about oversight. … whether the public plays a role in that in your 
[mind]. It doesn’t in mine. I would not call that a priority…

The group made a distinction between the scope and focus of public engagement: 
the need for public engagement at the product development stages vs. broader 
industry wide public engagement, with the idea posited by some that more public 
engagement at the product development stage would lead to a ‘win- win’ (for indus-
try and consumers). This discussion merged into a broader consideration of whether 
there is anything unique about public engagement for gene editing in agriculture 
and food. While the group agreed there is nothing unique about public engagement 
for gene editing as opposed to other biotechnologies (i.e. transgenics), they stated 
that engagement needs to be robust so that it “satisfies all curiosities” of publics. A 
dissenting voice argued that there is no need for public engagement, in relation to 
gene edited products, transgenics or other biotechnology use in agriculture, and that 
consumers should simply trust companies and the government.

I’m generally with you, but you know, in the development process, the more public engage-
ment one can have, the better, we can have better win-win situations for everybody. So the 
broader that developing, societal development or individual company development, the 
more that there’s more engagement with a broader range of stakeholders, they can find more 
win-win situations so we can have products that serve multiple needs. And I don’t think 
that’s unique to gene editing. And I would say we don’t need it [public engagement] much 
at all. So we’re agreeing that they’re [gene editing vs. genetic engineering] not different 
from each other. I’m definitely on a different side than you.
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What Is the Appropriate Mix of Roles for Government and Companies in Public 
Engagement and Governance?
The appropriate role of government in regulating and governing gene editing was 
also contentious in this group: a few participants thought the USDA should NOT 
play a regulatory role nor be overseen by publics, and that USDA “engagement” 
should mainly be educational. However, many criticized what USDA was (not) 
doing, and that the USDA’s idea of engagement is limited to formal public com-
ments, and that they should do more. There was an admission, however, that the 
more that companies and industry fight for less regulation, it leaves more gover-
nance responsibilities for the private sector. One compromise suggestion was for 
industry and government partnerships in governance efforts. Some pointed to a 
product registry as a tangible and achievable action to increase consumer knowl-
edge about gene-edited products. Additionally, there was disagreement about what 
companies are doing to engage the public. Some argued that companies are already 
actively engaging the public, but it is just not well documented; others who had 
worked for the biotech industry disagreed and said that companies generally have 
done a poor job engaging the public. These range of positions are reflected below:

I don’t think USDA would play a [regulatory] role in what you just described. And I’d be a 
minority dissent on it, as well…I think that if I was going to say my recommendation for 
USDA, regarding public engagement, it would be fundamentally educational… That’s 
where I would probably start.

If there are transparency principles that need to be executed, outside of the scope of the 
regulatory system, I’m taking the position that there still can be support, engagement with 
an agency like USDA. USDA can still do its darndest to defend its regulatory system and 
why it put things into place. So that in totality, it still is an industry and government partner-
ship that’s creating that kind of trust [bubble].

But I also think we have to ask ourselves, as we, as a person who represents companies 
advocating for fewer things to be regulated, … we have wholeheartedly said, …, the pri-
mary focus of the US government agency (defined as whatever) should be to defend the 
safety of the food system, because they have to. But we also just have to, I think, acknowl-
edge that the more we request or submit comments that fewer things be regulated, that piece 
of the, that is outside of government kind of grows. So I think that’s the only caveat there, 
is like, it holds true if the regulatory piece of the pie is this big or this big. But the other 
piece of that equation is going to be a lot more onerous the more we ask for fewer [regula-
tions], more and more things to be kicked out of the regulatory system.

7.5 � Discussion

In analyzing the transcripts, the question emerges why are these particular narra-
tives and themes central to the discussion of public engagement around gene editing 
in agriculture. Why these themes and not others? And, what values, and assump-
tions and concepts are framing and informing the discussion? One group focused on 
consumers and the importance of transparency and trust, while the other group was 
concerned with more structural issues related to relationships between publics, and 
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the appropriate roles of government and industry in regulation, governance and 
oversight.

However, in broad terms, all of the participants in the deliberative workshop 
were in favor of using gene editing in agriculture and food, and the framing of the 
discussion was largely positive. The only concerns raised by a few participants were 
about possible environmental and human health unknowns, but there certainly were 
no challenges or questions about whether biotechnology should be used at all, nor 
discussion of the possibility of alternative agriculture methods, or considerations of 
values or knowledge systems that would preclude gene editing. Nowhere in the 
discussion was there any critique or pushback to the use of gene editing in agricul-
ture and food, or serious consideration of alternatives. With the exception of one 
individual, participants in both breakout groups recognized that USDA is not doing 
enough to provide information about gene-edited food to interested publics, to regu-
late the technology, or to engage publics around these issues.

I identified three master narratives in these discussions.

	1)	 The need for increasing trust, shared values, transparency, and consumer benefits 
so that promoters can determine which values resonate with consumers. These 
suggestions were all aimed toward gaining consumer acceptance of gene editing, 
and alternatively, at least ensuring that consumers have sufficient information 
(through product labels or a product registry) to make choices about whether or 
not to consume gene- edited foods.

	2)	 Government agencies are not appropriately governing gene editing, and they 
should be clearer and bolder about establishing appropriate regulations, stan-
dards, or a product registry. It is difficult for NGOs and publics to engage with 
government agencies. While private industry is filling a governance gap by pro-
viding voluntary information for consumers, a shared responsibility between 
government and industry is proposed.

	3)	 There is a recognized need and role for public engagement to oversee regulations 
and regulators, but there is nothing unique about gene editing as a biotechnology 
tool that requires specific types of, or more, engagement than previous forms of 
agricultural biotechnology.

One Outlier Narrative:

	4)	 There is no need for government to regulate or to do public engagement, because 
companies are creating safe products that consumers need and are demanding. 
However, there is a potential role for government agencies in providing educa-
tion for consumers.
Overall, in these narratives, publics are seen as having two distinct roles—as 

consumers of gene-edited foods, or to provide oversight over the government. There 
is a recognition of the need to be aware of, and responsive to, consumer values and 
concerns, and to respond to what consumers might consider to be benefits of gene 
editing. Moreover, even if industry think the science has shown that risk of gene 
editing is low or non-existent, gene editing promoters realize that they need to listen 
and respond to consumer concerns and values related to food and agriculture. A 
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common proposal is to create ‘shared values,’ that is the ability to develop products 
that consumers want that correspond to their values and needs, and to ensure that 
consumers have the information they need to be able to make food choices.

In summary, there was a narrow framing of the issues involved, and an assump-
tion among participants that the public will benefit from and support gene editing in 
agriculture and food, although consumer choice is privileged. Returning to the ques-
tions and framings at the outset, I offer some reflections here on our deliberative 
workshop for public engagement around emerging biotechnologies in agriculture. 
First, there are clear challenges with engaging broader ‘publics’ in complex scien-
tific and technical issues, like new and emerging biotechnologies, that require sig-
nificant knowledge to be able to engage in discourse in a workshop. To address this, 
we opted for participants who represented groups that were important stakeholders 
in the debate on gene editing in agriculture. However, in fact, participants were 
‘experts’ with well-established positions related to gene editing, and the workshop 
was an opportunity to articulate these positions, revealing the performative quality 
of public talk in action, as noted by Macnaghten et al. (2019: 505). Moreover, as 
experts in this domain, most of the participants knew each other and had interacted 
with each other in other fora, and perhaps as a result, most of the discussions tended 
toward consensus instead of contestation or dissent. Although we attempted to 
recruit more diverse participants with contrasting perspectives and values, they 
chose not to attend. The one participant who voiced dissenting opinions at the work-
shop reflected strong pro-biotech and anti-government regulation positions. In the 
breakoutgroup that expressed differing views, it seemed that a tacit agreement 
among participants to respectfully disagree emerged, but not much actual conten-
tion around broader social issues was expressed in the dialog.

7.6 � Conclusion

Reflecting back to the work of critical policy scholars, who suggest that genuine 
public engagement requires both participants and the deliberation design to meet 
participation ethics, including a mutual willingness to consider differing views, and 
pros and cons of the issues under discussion, clearly our deliberative workshop had 
limitations. These scholars stress the importance of dissent and contention, and the 
inclusion of social and ethical concerns, when engaging publics in discussion 
around issues such as biotechnology use in agriculture. In terms of who attended, as 
well as the design of the workshop, we did not encourage or stimulate participants 
to express and/or debate opposing positions, or to deeply engage in the ethical or 
social dimension of the issue.

Together the structure of the workshop and the composition of participants who 
attended did not afford a more expansive exploration of conflicting values-related 
concerns, differing epistemologies or perspectives related to gene editing in agricul-
ture and food.
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Although the two breakout groups diverged in the thematic emphases of their 
narratives, an underlying assumption in both groups was that scientific progress and 
public benefits would be advanced through the use of gene editing in agriculture. 
One group focused on how to gain consumer trust and stimulate consumer demand 
in gene-edited foods, and the importance of transparency to facilitate consumer 
choice. But the assumption was that companies can and will develop products that 
are more responsive to consumer demand, such as foods with enhanced nutritional 
benefits and/or environmental benefits. The other group emphasized that the role of 
consumers is to provide oversight because the regulatory agencies are not providing 
sufficient oversight, but that a voluntary public-private partnership might be the 
most effective governance model. This narrative reinforces assumptions about the 
utility of neoliberal voluntary forms of governance, another strong underpinning 
supporting the development of biotechnology industry. While the themes and 
emphases differed between the breakout groups, the underlying assumptions of sci-
entific progress and public benefit through neoliberal voluntary governance of agri-
cultural biotechnology were largely shared. Overall, the case study reveals many 
thorny issues related to how publics are constructed for and in engagement pro-
cesses related to emerging technologies, and how to engage publics in these delib-
erative venues.
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Chapter 8
A Risk-Based Agricultural Biotechnology 
Ethics in the Era of Gene Editing: What Is 
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Abstract  Gene editing enables insertion of DNA sequences (e.g. coding and regu-
latory genetic constructs) at precise locations in the genome of modified organisms. 
In the case of livestock species, especially, the additional precision may or may not 
provide a basis for reevaluating the ethical significance of specific genetic modifica-
tions. This paper applies a risk-based ethics to determine when gene editing has 
ethical significance beyond that of modification using earlier methods utilizing 
recombinant DNA (e.g. GMOs). Ethical concerns about any form of genetic modi-
fication, from conventional breeding to gene editing, can be classified into the cat-
egories of environmental hazards, socio-economic consequences, food safety and 
animal welfare. The chapter describes risk-based ethics and discusses the signifi-
cance of gene editing for each of these categories. Gene editing of agricultural spe-
cies is ethically significant to the extent that greater precision reduces the probability 
for realization of specific hazards in one or more of these categories is either 
increased or lessened. This effect is primarily meaningful in the context of food 
safety and animal welfare because the potential for unintended and unnoticed dis-
ruptions of genetic functionality has bearing on these hazards, and the precision 
afforded by gene editing is expected to have meaningful impact on the opportunity 
for such disruption. Gene editing may also have social consequences for the trace-
ability of certain types of genetic modification. In other areas where the ethics of 
genetically engineered livestock has been debated, gene editing has little material 
effect when compared to earlier applications of gene technology in agriculture.
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8.1 � Introduction

This chapter develops an application of risk-based categories to the question, “How 
do recent methods for gene editing figure in the ethical evaluation of agricultural 
biotechnology?” As I have argued elsewhere, the risk-based approach is especially 
well suited to comparing alternative techniques for plant and animal breeding 
(Thompson 2003). This makes a risk-based approach relevant to a claim at the center 
of debates over gene editing: that new techniques for controlling the point of inser-
tion or deletion of nucleotide sequences should exempt the next generation of prod-
ucts from some of the regulatory oversight applied to earlier examples of genetically 
engineered agricultural species. The argument for lowering regulatory burdens pre-
sumes that these techniques—collectively referred to as gene editing—pose lower 
intrinsic risks or uncertainties (Hartung and Schiemann 2014; Van Eenennaam 2018). 
On the contrary, this paper argues that when it comes to ethics, the difference between 
gene editing and earlier recombinant techniques for modifying animal genomes is at 
best a matter of degree, rather than kind. A risk-based ethic clarifies when gene edit-
ing of crops and livestock species makes a difference, and when it does not.

Although other approaches to assessment and evaluation of agricultural biotech-
nology prevail among philosophers and social scientists, the framework of risk 
assessment has been especially influential in the biophysical branches of agricul-
tural science. The emergence and growing influence of this framework has largely 
been an implicit process. The risk-based approach was self-consciously developed 
in toxicology and epidemiology. Actuarial and economic theories for conceptualiz-
ing the chance of monetary loss have a longer history, but concepts derived from 
these methods were only formalized for application to physical and biological haz-
ards in the 1960s and 1970s. Soil scientist Martin Alexander (1930–2017) offered 
one of the earliest adaptations of this framework to plant biotechnology (Alexander 
1985). Robert Wachbroit gave a more general and philosophically reflective discus-
sion of the framework in 1991 (Wachbroit 1991). Later sections of the paper flesh 
out four categories for conceptualizing the hazards of genetically engineered agri-
cultural species: food safety; environmental impact; animal welfare (broadly con-
strued) and social consequences.

I argue that food safety and animal welfare are the only categories in this set 
where gene editing makes a material difference to the risk assessment that would 
have been done for a livestock species modified using recombinant tools available 
in the 1990s. Although I would not defend risk assessment as an ethically exhaus-
tive approach to the evaluation of any agricultural technology, I do believe many 
commentators underestimate its potential. For example, Christopher Preston and 
Trina Antonsen reject the adequacy of a risk-based approach in categorical fashion, 
stressing the importance of integrity and agency, (Preston and Antonsen 2021). Yet 
it is not clear why challenges relating to integrity and agency could not be included 
among environmental and social hazards. If so, the risk-based approach can be 
adapted to consider the ethical considerations Preston and Antonsen note. As such, 
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it is not clear why they think the ethical considerations they stress cannot be accom-
modated by a sufficiently nuanced risk-based approach.

As discussed by Kendig and Thompson (this volume), the analysis builds on a 
distinction between first generation products of agricultural biotechnology (e.g. 
GMOs) and those that are produced through tools for locating the insertion of a 
desired genetic construct at a precise location on the target organism’s genome. 
Although many of the points covered could be applied to gene editing in the context 
of plant breeding, the analysis here centers on genetic alteration of livestock spe-
cies. This provides a useful simplification because much of what would be said with 
respect to food safety, environmental and social impacts applies equally to plants 
and animals, while a discussion of plant biotechnology would omit important con-
siderations of animal welfare. Influential debates over gene flow in plants are given 
scant attention as a result, though given more space I would argue against the thesis 
that the contrast between GMOs and gene edited crops makes little ethical differ-
ence, even here.

Two scope-limiting disclaimers are prerequisite to the substantive issues of 
transforming agricultural genomes. First, the chapter does not discuss ethical issues 
associated with wildlife conservation or animals bred for biomedical research. 
Second, consistent with a long trend in the ethical debate over genetically engi-
neered animals, the focus is implicitly limited to vertebrate livestock species. This 
chapter does not attempt to include or summarize issues associated with transgenic 
insects. Mosquitoes and other insects or arachnids are currently being transformed 
with recombinant DNA techniques, including gene editing. Some genetic transfor-
mations of insect species are made with agriculture in mind (Smanski 2021). Rightly 
or wrongly, impact on welfare has not been prominent in ethical analyses of geneti-
cally modified insects. Categories of ethical significance such as environmental 
impact could be extended to include non-chordate animals, including agricultural 
pests such as the spotted wing drosophila. I do not review this category of potential 
hazards.

8.2 � The Risk Based Framework

Risk assessment is a systematic approach to including scientific information in 
decision-making and planning activities. The schematic diagram in Fig. 8.1 sum-
maries the risk assessment framework. Four domains have distinct cognitive func-
tions. Hazard identification is the process of identifying what bad outcomes can 
occur as a result of adopting one option rather than another. Hazard identification is 
a largely inductive process of ascertaining the possibility of an adverse outcome 
based on the current state of the relevant science, and estimating its severity. Simply 
knowing what can go wrong does not provide an estimate of risk, however. Exposure 
quantification utilizes a variety of modeling, statistical and experimental techniques 
to estimate the probability that a hazard will materialize, given adoption of the tech-
nology or course of action under consideration. In the parlance of risk assessment, 
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Fig. 8.1  Domains of risk assessment

one has not described a risk until some probability of occurrence is associated with 
the mere possibility of an adverse outcome (e.g. the hazard). Together, hazard iden-
tification and exposure quantification make up the scientific elements in risk 
analysis.

Risk management is the activity of deciding what to do about risk. Options 
include simply accepting or rejecting the risk, as well as using a risk-benefit tool to 
decide when expected benefits offset the cost of running a risk. Additionally, one 
may use insurance or subsidy to compensate losers, or deploy labeling or informed 
consent mechanisms to distribute the power of decision-making to affected parties. 
Although some have seen hazard identification and exposure quantification as 
“purely objective” domains, risk management has always been understood to be a 
normative domain where values and goals are ineluctably interwoven into the cog-
nitive tasks of decision making. The key point to notice is the distinction between 
determining what the risk is, and deciding what to do about it.

Risk communication was added to the other three domains as it became clear that 
public policy decisions require steps such as consulting affected parties, gaining 
trust, assuring consent, increasing transparency of governance, democratic engage-
ment and seeking information from participants, stakeholders and others having 
knowledge pertinent to hazard identification and exposure quantification. In 
response, risk communication was added to the model following an influential 
U.S. National Research Council study of the 1990s colloquially referred to as “the 
orange book” (NRC 1996). The schema distorts the function of sharing information 
on risk in planning, decision-making and communication (Thompson and Dean 
1996; Thompson 1999). I have also stressed the role of value judgment within the 
activities of hazard identification and exposure quantification (Thompson 2003). 
Nevertheless, the framework has advantages neither appreciated nor fully exploited 
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by scholars working in bioethics and environmental philosophy. Disclosing those 
advantages motivates the treatment given here.

A series of anti-biotechnology critics have attacked the use of risk assessment as 
if it, rather than biotechnology itself, were the chief culprit, or at least the primary 
tool of biotechnology advocates (Levidow and Carr 1997; Preston and Wickson 
2016; Canfield 2022, pp. 136–147). From the perspective that I will develop in this 
chapter, these critiques conflate the risk analysis framework with particular configu-
rations of that framework. The specific approaches to hazard identification and 
exposure quantification deployed in support of certain (primarily U.S.) regulatory 
decision-making do not exhaust the potential for biotechnology risk assessment tout 
court. In regulatory settings, the basic logical structure of risk assessment is speci-
fied in detail. While it may be appropriate to criticize the parameterization used in 
regulation, in general, regulators have limited authority to modify these parameters. 
Rather than simply rejecting a risk-based approach entirely, critique of any given 
regulatory framework is more effective when contrasted with alternative interpreta-
tions of hazard identification, exposure quantification or risk management. In vent-
ing their ire against risk assessment as an analytic method, critics overlook how 
other criteria for analyzing risk would lead to a different result.

Governmental regulators operate under authorizing legislation that constrains 
their authority to consider the full range of hazards that could be covered in risk 
assessment. United States agencies operate under a suite of laws designed to prevent 
regulators from managing risks in the socioeconomic sphere. In effect, Congress 
has reserved authority to decide how socioeconomic risks will be managed to itself, 
while directing agencies to apply narrowly specified risk management principles to 
hazards in the domains of environmental impact and human health. This approach 
can certainly be contested (and I have done so—see Thompson 2020), but these 
problems have to do with the specific value judgments made in the course of opera-
tionalizing a risk assessment framework, rather than conceptual weaknesses in risk 
assessment as such. Before considering gene editing, it will prove useful to high-
light several strengths of the risk framework.

First, the framework is not restricted to utilitarian or consequentialist approaches 
in ethics. Rights theorists view threats to autonomy, integrity and agency as overrid-
ing welfare maximization, but there is no reason why such threats cannot be included 
among the hazards analyzed. In any case, exposure quantification would assess the 
conditional probability that the hazard would materialize. The commitment to a 
consequentialist or deontological decision rule occurs at the stage of risk manage-
ment. Non-consequentialist risk management criteria might stress coercion (either 
coercing someone to bear risk, or coercively preventing them from doing so). 
Similarly, informed consent criteria are often thought to rest primarily on rights-
based considerations. The risk-based framework remains open to a wider range of 
normative interpretation than classic benefit-cost analysis, while sharing its ability 
to organize deliberative evaluation.

Second, the risk based approach invites collaboration between scientists and 
ethicists in specifying both the nature of hazards in each category, as well as the 
likelihood that a given hazard will materialize. In general, regulators have limited 
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authority to modify these parameters. This invitation has ethical implications. The 
risk-oriented framework anticipates Ben Mepham’s ethical matrix, which adapts 
Beauchamp and Childress’s principlist approach to deliberation in medical ethics to 
situations where environmental and animal interests are at stake (Mepham 2000). In 
this respect, the risk-based approach articulates a procedural ethic for the develop-
ment and implementation of gene technologies in the context of food and agricul-
ture. Failure to consider ethical issues any one of these categories constitutes a 
violation of the procedure. Failing to faithfully execute the procedure is itself ethi-
cally wrong. Elsewhere, I argue that biotechnology developers have often (if not 
always) failed to give adequate attention to animal welfare and to social issues, 
concluding that this procedural failure is one of the chief moral failings in the devel-
opment of agricultural and food gene technologies (Thompson 2020).

Next, attention to the ubiquity of two-way arrows in the diagram highlights the 
interpenetration of otherwise discrete cognitive tasks. In a classic decision theoretic 
model, hazard identification and exposure quantification precede actual decision 
making (or risk management). One needs to know what the risks are before one 
undertakes the ethical task of deciding what to do about them. However, the divi-
sions are never so sharp in practice. In regulatory contexts, authorizing legislation 
has limited the scope of hazards that can be considered before assessments even 
begin. In most industrial democracies, regulatory agencies are authorized to restrict 
use of a product based on risks to human health as well as some defined aspects of 
animal health and environmental impact. They are precluded from considering 
politically contentious impacts such as unemployment, bankruptcies or shifts in 
market power. If you already know that you will not be taking a particular kind of 
hazard into consideration, there is little reason to include it in your scientific risk 
assessment. Note, however, that this is the result of prior restriction on an agency’s 
scope of action in risk management, rather than a defect in the risk-based approach. 
Some critics appear to have presumed that neglect of social consequences is some-
how “baked in” to risk assessment, arguing against the use of risk-based thinking 
(see Devos et al. 2008; Brower 2016). On the contrary, recognizing the four domains 
in a risk-based approach makes for a more pointed analysis of where the deficien-
cies in regulatory decision making actually lie.

Finally, the risk-based approach makes ethical critique more legible to scientists 
and to many policy makers. To the extent that possible outcomes or events can be 
described as hazards whose likelihood can be assessed, it becomes much easier to 
demonstrate how regulatory decisions have limited the scope of considerations 
taken into account in evaluating agricultural technology. Furthermore, it becomes 
easier to show that even if health and environmental regulatory agencies have been 
instructed to ignore social consequences, it is not the case that governments do not 
intervene in the management of socioeconomic risks. In the domain of agriculture, 
publicly administered policies for crop insurance, loan guarantees and subsidies all 
function to manage the risks of farm decision making. Food assistance programs 
raise the food purchasing power of low-income persons. If these social risks are 
centrally managed, why not others? Thus even if biologically trained scientists who 
participate in food safety and environmental impact assessments are unaware of 
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governmental intervention in socioeconomic risk management, it is disingenuous to 
presume that the distribution of these risks is left entirely to market forces. Ethical 
arguments are as relevant in the socioeconomic domain as in any other.

8.3 � Parameters for Evaluating the Risks 
of Agricultural Biotechnology

As noted already, U.S. regulatory risk assessments for GMOs recognized hazards to 
health in the form of food safety, as well as environmental hazards in the form of 
unintended disruption of ecological functions. The agencies assigned to review 
GMOs under the Coordinated Framework did not consider socio-economic hazards 
such as impact on farmer’s ability to save seeds, practice organic farming methods 
or prevent their non-GMO harvests from being contaminated by GMOs grown in 
their neighbors’ fields. Nevertheless the U. S. government is deeply implicated in 
the management of agriculture’s socioeconomic risks in the form of subsidy pay-
ments, crop insurance and other measures (Peterson 2009). Yet the Coordinated 
Framework developed in the George H.  W. Bush administration did not include 
agencies charged with managing socio-economic risks to farmers or consumers 
(OSTP 1986).

The decision to exclude socio-economic impact from the policy evaluation of 
agricultural gene technology precipitated an extensive critique in the years preced-
ing the first appearance of GMOs in farmers’ fields (Hansen et al. 1986; Lacy et al. 
1988). In their study of international opposition to GMOs, Rachel Schurman and 
William Munro identified activists primarily motivated by the exclusion of socio-
economic hazards as an important element in a coalition that also included environ-
mentalists, animal advocates and people who feared a slippery slope leading to 
eugenic modification of human beings (Schurman and Munro 2010). A more 
detailed discussion of this history is beyond the scope of the chapter. The point is 
simply that socioeconomic hazards might easily have been incorporated into the 
risk assessments for agricultural biotechnology. Even if their exclusion might have 
been rationalized from a policy perspective, a risk-based ethical analysis will be 
seriously incomplete if an important category of hazards is omitted.

From the standpoint of ethics, the hazard identification for agricultural biotech-
nology can be organized in terms of values that underlie different types of ethical 
consideration. Human health and socio-economic outcomes draw upon the entire 
history of anthropocentric (e.g. human focused) ethics and political thought. 
Environmental hazards may include more recently articulated concerns about the 
value of habitat or ecological integrity, while impacts on animals include veterinary 
health and the sensory experience of sentient beings. Concern that gene technolo-
gies limit the autonomy or agency of farmers can be classified as social hazards, 
while arguments that stress the relational significance of non-human actors can be 
located in either the environmental or the social category (or both). Indeed, any 
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identification of hazards presumes that the outcomes or eventualities to be assessed 
are in some sense bad, adverse or unwanted. In this respect, hazard identification is 
so far from a “purely” scientific activity as to require input from ethics to effect this 
normative element. It is only because hazards in the domain of human health are so 
non-controversial that risk analysts have been tempted to maintain the fiction of 
pure scientific objectivity unaffected by values.

The balance of this chapter discusses whether and how gene editing would either 
introduce new ethical issues or how it provides a basis for moderating the ethical 
concerns that are associated with GMOs. As already noted, the framework is devel-
oped for analysis of gene technologies as applied to livestock species. I do not view 
the risk-based approach as well suited to every type of moral concern raised against 
biotechnology. For example, it is arguably less appropriate for addressing the claim 
that all forms of genetic engineering are morally objectionable (Comstock 2000). 
However, it is not clear that these so-called “intrinsic” arguments against gene tech-
nology introduce something new in the area of gene editing, at least in so far as our 
subject is confined to the agricultural arena. As discussed briefly below, gene editing 
has revived discussions of human gene therapy, and perhaps here the old “intrinsi-
cally wrong” arguments have new salience. As applied to agricultural crops and 
livestock species, I take it as obvious that if one is persuaded by these arguments, 
one will not find reasons why a more targeted approach to genetic engineering of 
animals should be acceptable.

8.4 � Environmental Hazards

Environmental risk assessments for GMOs identify two general types of hazard. 
First, introduction of a genetically modified crop or animal can have unwanted 
effects on so-called non-target species. The two most common plant GMOs, herbi-
cide resistant crops and Bt crops were both intended to reduce competition for biotic 
resources from non-agricultural organisms in farmers’ fields. Herbicide tolerant 
crops were intended to allow farmers to expand their use of chemical herbicides to 
eliminate other plants that could rob the crop of nutrients and water, or that could 
shade crops, limiting their ability to convert solar energy into growth. As noted 
already, Bt crops are pesticide delivery systems intended to control larvae that feed 
on the crop. Thus, weeds and certain specific insects are the target organisms. 
However, other non-pest organisms can also be affected. This is a major problem for 
chemical pesticides, which can damage beneficial insects and birds. The possibility 
that Bt crops could harm monarch butterfly was an early point of dispute over the 
potential for impact on a non-target species (see Henke this volume).1

1 It is important to note that non-target impacts are not the same thing as off-target effects. The 
former is a function of the specific form that a genetic modification takes in the phenotype, while 
the latter indicates random changes in an engineered organism’s genome.
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The second type of environmental hazard is disruption of ecological function. 
The most widely discussed hazards of this type involve gene flow and invasiveness. 
If introduced genes become established in wild relatives, they could affect the spe-
cies composition of an unmanaged ecosystem by conferring advantages or disad-
vantages that disrupt existing predator/prey relationships. Similarly, a GMO would 
become invasive if the genetic modification gave it the ability to become established 
and thrive in an uncultivated or human-managed ecosystem. Invasiveness was 
debated primarily with respect to Bt maize, when Bt genes were alleged to have 
migrated into landraces grown in Mexico (Gewin 2003). The discovery that trans-
genic Glofish™ are thriving in Brazilian streams has revitalized concerns that they 
may be invasive (Moutinho 2022). In addition, two Purdue University geneticists 
developed “the Trojan gene hypothesis”: a model that showed how genetic change 
in animal species could contribute to the extinction of a population under very spe-
cific genotype-environment interactions (Muir and Howard 1999). Their model was 
widely debated in connection with fast-growing Atlantic salmon produced through 
genetic engineering (Upton and Cowan 2015). Extinction, rather than invasiveness, 
is the root issue in the case of the Trojan gene hypothesis.

In sum, environmental risks of genetically engineered crops and animals focus 
on harm to non-target species, and on ecosystem disruption, especially through 
invasiveness or extinction of organisms. The ethical significance of both hazards 
could be based on anthropocentric or ecocentric values. A more thorough review or 
evaluation of the environmental ethics of genetically engineering food animals lies 
beyond the scope of this chapter (but see Preston, this volume). The point here is to 
query whether or in what respect the targeted approaches of gene editing introduce 
new concerns, or significantly modify these concerns. Both risks turn upon pheno-
typic features of the modified organism. As such, there are no obvious reasons why 
changes in the method for introducing a genetic change into the organism would 
have any material impact on the ethics of posing an environmental hazard.

Some precautionary arguments might appear to pose an exception to this judg-
ment. The Precautionary Principle states that full certainty should not be required 
before actions to mitigate health or environmental risks are taken. (Again, even a 
summary of the ways that this principle was cited in ethical debates over GMOs 
exceeds the remit of the current study.) The reason that gene editing might be 
thought significant to precautionary arguments derives from the greater precision in 
targeting specific loci on the genome. Considering gene editing for germline modi-
fications of human beings, Julien Koplin, Christopher Gyngell and Julian Savulescu 
write that the precautionary principle “perfectly describes the controversy surround-
ing germline gene editing.” They go on to discuss philosophically variant versions 
of the precautionary principle, concluding that their preferred version actually pro-
vides moral support for some carefully administered applications of human germ-
line modification. Oddly, their article does not discuss why gene editing, as distinct 
from other forms of germline genetic engineering, makes a difference to the analy-
sis. Although their application of the precautionary principle stresses gene editing 
of human beings, Koplin, Gyngell and Savulescu summarize three hazards of germ-
line gene editing (GGE) that would be relevant to environmental risks from agricul-
ture. First are off-target effects (discussed in some detail later in this paper). Second, 

8  A Risk-Based Agricultural Biotechnology Ethics in the Era of Gene Editing: What…



140

uncertainties in human genetics mean that it is difficult to anticipate hazards that 
might occur in a person’s later life. Third, benefits of GGE may be offset by an 
increased risk to other diseases (Koplin et al. 2020).

In a separate article Gyngell and Savulescu (writing with Thomas Douglas) 
review arguments for and against human germline modification, but their analysis 
in this 2017 paper begins with the qualification “If proven acceptably safe…” 
(Gyngell et al. 2017). This qualification begs the main question that critics of the 
technology have made (see Lanphier et al. 2015; Baltimore et al. 2015). As a gen-
eral observation, the precautionary approach arose in the context of environmental 
risks from GMOs as a risk management strategy. It was thought superior to risk/
benefit optimization because of uncertainties in the hazard identification and expo-
sure quantification of environmental risks from GMOs. Gene editing arguably intro-
duces greater precision into gene transfer, and Koplin, Gyngell and Savulescu see 
the reduction of uncertainty about health consequences as a counter to precaution-
ary arguments in the context of human gene therapy. However, defenders of agricul-
tural biotechnology who might trade upon this discussion to suggest that gene 
editing constitutes a rebuttal to advocates of the precautionary principle would mis-
represent the way that the probability for realization of an environmental hazard 
from GMOs has actually been assessed. It is the phenotype of both the GMO and 
the gene edited plant or animal that is the source of an environmental hazard. The 
uncertainty arises from limited understanding of interaction between the modified 
phenotype and other organisms or abiotic elements in the environment. As such, the 
utilization of gene editing to introduce the trait responsible for phenotypic effects 
will not be ethically significant.

8.5 � Socio-Economic Benefits and Risks

Gene editing is projected to substantially reduce the cost of developing and com-
mercializing genetically engineered livestock. As such, the primary benefit of the 
technology sits in this category. In contrast, socio-economic hazards are often the 
poor relation in ethical evaluations of agricultural technology. Early studies on the 
ethics of animal biotechnology either gave attenuated attention to the social costs of 
a technical change in the animal production sector, or ignored these impacts alto-
gether (see NRC 2002; CAST 2010). However, my own work devotes substantial 
attention to the farm-size distribution risks and to technology as an element of inter-
national agricultural development, as well as to problems of public acceptance and 
social trust (Thompson 2020).

Two socioeconomic problems are associated with technological innovations in 
agricultural production. The farm-size distribution problem concerns ways in which 
technological innovations can be disproportionately adopted and mobilized by 
larger, better capitalized producers. The development problem concerns ways in 
which an innovation figures in a host of power inequalities that lead to the exploita-
tion of farm producers in less industrialized countries. In both cases, the socio-
economic mechanisms are complex. Some innovations function more effectively 
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when utilized over larger acreages. Some displace forms of employment or deskill 
aspects of farming or husbandry. Even in the absence of these, innovations that 
increase the productivity of agriculture induce a “technology treadmill” that fuels a 
cycle of bankruptcy and absorption of land ownership into larger and larger units. 
These features can be especially significant in less economically developed areas, 
where agriculturalists may constitute 40 to 80 per cent of the population, and where 
impacts on the rural workforce have large impacts on overall social welfare 
(Thompson 2020).

Some procedural questions can be added. They include philosophical problems 
in weighing benefits and costs: Can we treat the efficiencies from gene editing on a 
par with farm bankruptcies or the disproportionality with which the burdens of tech-
nical change fall on people who already suffer oppression and systemic victimiza-
tion? In other words, are all of these impacts measurable in some common ethical 
coinage, amenable to the summing implied by the utilitarian injunction to seek “the 
greatest good for the greatest number”? Alternatively, should we think of them sim-
ply as reasons that must be included and acknowledged, but not necessarily recon-
ciled, in an act of judgement? It is important that these questions of how we should 
go about conducting an ethical assessment be reflected in the process of evaluating 
any particular application gene editing for crops or livestock species.

As for environmental impacts, my purpose here is simply to catalog the types of 
ethical concern that have been associated with animal biotechnology, rather than to 
weigh in on whether they are, in the final analysis, ethically justified. These are 
quite general questions that arise in evaluating almost any agricultural technology. 
They can be and have been raised in connection with mechanization and chemical 
technology, as well as biotechnology (see Zimdahl 2012; Thompson 2017). In the 
case of genetic tools and techniques (including classical breeding), the socioeco-
nomic impact will be determined by the way in which the animal phenotype confers 
social or economic advantages to producers of a given type, or to other actors (such 
as input firms) in the livestock economy. For example, a new sheep breed made 
pastoralism economically attractive in the Scottish highlands after 1750. This, in 
turn, led property owners to enclose the open field agriculture and evict their tenants 
(Richards 2000). Whether the highland clearances were ethically justifiable or not, 
genetic changes brought about through gene editing will have comparable effects 
when changes in the phenotype interact with environmental conditions and the mar-
ket context. The fact that the change occurs through targeted genetic engineering, 
rather than breeding, does not make a material difference in the ethical evaluation of 
the socioeconomic outcome.

8.6 � Food Safety and Human Health

Summarizing the argument so far, gene editing of livestock species does not create 
new types of environmental or socioeconomic risk, and ethical evaluation in these 
domains depends primarily on the phenotype produced, rather than the process of 

8  A Risk-Based Agricultural Biotechnology Ethics in the Era of Gene Editing: What…



142

modification. Although one cannot exclude the potential for other types of human 
health impact, this section will emphasize food safety. The possibility that genetic 
engineering of organisms used for food might have health risks has been one of the 
most contentious areas of debate. Animal food products such as meat, milk and eggs 
are included. In this category, there is no disagreement about nature of the hazard. 
Everyone recognizes that food consumption can be a cause of injury, disease and 
even death, and everyone agrees that these are bad things. However, as universal 
elements of the human condition, ethics requires some standard of tolerance for 
these outcomes. In industrialized countries, that standard is de minimus: acute risks 
from food consumption should be as low as is practicably possible. Furthermore, 
even chronic disease risks (e.g. heart disease; diabetes) should not be elevated by 
some technological modification of the foodstuff, (see Thompson 2020).

If de minimus risk is the ethical norm for food safety, the food safety risks posed 
by genetic engineering were nonetheless hotly debated when GMOs were intro-
duced in the food chain. Focusing narrowly on the ethical component of the debate, 
at least two substantive claims were made. Some critics made precautionary argu-
ments about the transfer of genes from one organism to another (Macer 1994). 
Others saw the uncertainty or ignorance about the possible human health impacts as 
the most significant factor (Millstone et  al. 1999; Hoffmann-Riem and Wynne 
2002). The literature is too complex to permit a concise summary. Some arguments 
against crossing species boundaries advert back to the intrinsic objections. Rather 
than identifying a specific health hazard, they impute danger as inherent within the 
very act of genetic modification. It is as if tampering with genes invites cosmic or 
divine retribution (see Decker 2016). A more specific argument stresses food safety. 
Here, the nature of the hazard is clearly indicated, but to the extent that stress is laid 
upon uncertainty, food safety concerns can generate very broad arguments against 
genetic modification.

A reasonable reconstruction of this argument goes as follows: Since (a) there are 
alternatives to GMOs, since (b) the food safety risks of GMOs cannot be assessed 
with reasonable certainty, and since (c) the standard for food safety is de minimus, 
then (d) a precautionary ethic militates against allowing GMOs into the food system 
(see Sandin 2006). The key philosophical claim is that the food safety risks of 
GMOs cannot be assessed with reasonable certainty. Evidence for this claim could 
be derived from the observing the distribution of impacts among individual organ-
isms produced using first generation transformation techniques (VIB 2001, 8–12). 
Against this claim, GMOs are not, in fact, organisms subject to the almost random 
distribution of alterations in genome structure occurring immediately after attempts 
at gene modification. GMOs result from careful selection of promising specimens 
among that population, followed by several generations of backcrossing. Agricultural 
scientists believe that this provides enough inductive evidence to provide reasonable 
certainty, (Thompson 2003).

Further clarity on the thrust of these arguments can be obtained from examining 
the debate over cisgenic modification. As distinct from transgenics, which use 
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recombinant tools to move genes from one species to another, cisgenic or intragenic 
transformations use the same tools to accomplish genetic modifications within a 
species. For example, a particular strain or breed of animal (say a Jersey cow) might 
have a quality such as milkfat content that breeders want to transfer to another 
breed. If an isolatable genetic construct can be associated with this trait, then recom-
binant DNA might be used in place of the laborious and time consuming process of 
animal breeding. This would not be a transgenic modification because genes are 
simply being transferred within bos taurus. The relevant question is: does cisgenic 
gene transfer reduce the role of uncertainty in exposure quantification for food 
safety hazards?

In 2006, Bjørn Myskja argued the case for a positive answer to this question, at 
least as it would be posed with respect to plants. Intragenic modification reduces the 
uncertainty of genetic modification of food plants. This, in turn, addresses many of 
the ethical concerns (Myskja 2006). Wendy Russell and Rob Sparrow responded to 
Myskja’s paper with a clarification of the food safety risks from recombinant DNA 
mediated genetic change, irrespective of the original source of the transferred 
genetic material. Their analysis is relevant to the discussion of gene editing. Russell 
and Sparrow argue that the most important source of food safety hazards resides not 
in the gene transferred through the tools of modern biotechnology, but in the poten-
tial for disruption of other genes, including regulatory sequences, that control criti-
cal functions in the organism. They point out that intragenic modifications are as 
likely to do this as transgenic modifications; hence, attending to the source of the 
transgene does not fully mitigate food safety risks (Russell and Sparrow 2008).

Russell and Sparrow’s arguments are relevant because the targeting that gene 
editing tools makes possible does substantially reduce the probability that a 
genetic modification will occur at some locus on the genome critical to organism 
function. Thus unlike environmental and social hazards reviewed earlier, gene 
editing does make an ethically significant difference with respect to food safety 
hazards. However unlikely it might be that a hazardous modification survives the 
process of breeding and backcrossing that occurs after the initial event of rDNA 
modification, it is even less likely when scientists are able to control the point on 
the genome were the genetic modification occurs. It is thus plausible to argue that 
even if GMOs meet the de minimus standard for food safety, gene edited organ-
isms pose even lower food safety risks. A possible counterargument arose with the 
recognition that although the intended modification takes place at a known locus, 
there remains the possibility for “off-target effects” or random changes occurring 
at other points on the genome. However, other non-recombinant tools, such as cell 
culture, also cause minor, but randomly distributed changes in the genome. This 
suggests that the work that plant and animal breeders do after these techniques are 
deployed plays an ineliminable role in providing assurance of food safety. 
Nonetheless, the targeting made possible by gene editing does provide ethically 
significant grounds for estimating the food safety risks of genetically engineered 
animals, (Thompson 2020, pp. 346–351).
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8.7 � Animal Welfare

How does gene editing affect ethical considerations deriving from our responsibili-
ties to animals, themselves? Before addressing this question, it is worth repeating 
that much of what has been said with respect to environmental, social and food 
safety hazards applies equally to plant transformation as to genetically engineered 
livestock. Animal welfare is thus the category that is unique to gene edited live-
stock. Nevertheless, the preceding discussion sets up a set of considerations that 
facilitates the answer to this final question. In short, there are aspects of animal 
welfare that depend entirely on the specific genetic construct being introduced or 
altered. We would not expect ethical questions about such alterations to be affected 
by whether the change was accomplished through targeted gene edits or not. In 
addition, as in the case of food safety, classical techniques for introducing genes 
lacked any ability to target a specific locus on the animal genome. The potential for 
damage to animal health and welfare through disrupting gene function is, in fact, 
one of the primary arguments against germline genetic engineering of human 
beings. To the extent that gene editing yields greater confidence that gene function 
is not disrupted by the act of genetic modification, these risks are lower for gene 
edited livestock than for animals produced using classical forms of recombinant 
DNA modification. Here, the argument parallels the case of food safety.

Bernard Rollin’s The Frankenstein Syndrome articulated a basic ethic for evalu-
ating genetically engineered animals. Rollin stipulated his Principle of Welfare 
Conservation: Other things equal, genetic modification should not result in a line, 
type or breed of animals that have worse welfare or greater pain, disease and suffer-
ing, than comparable individuals from the same species. Rollin drew particular 
attention to pigs that experienced painful deformities after being genetically modi-
fied with the addition of a human growth hormone gene, (Rollin 1995). Although he 
discussed intrinsic or ‘playing God’ arguments against genetic engineering of ani-
mals, Rollin was clear in stating that ethical evaluation must remained focus on an 
animals’ welfare. He understood welfare in each species relative to a telos, which he 
defined as the configuration of genetically based phenotypic traits that create bio-
logical drives and physiological needs characteristic of the species. It is, however, 
important to stress elements of Rollin’s approach that have received relatively little 
comment.

Rollin views all animals, including human beings, as capable of suffering. Some 
of their specific capabilities are grounded in their genetics, while others may derive 
from their life experience. An animal may learn to fear certain stimuli as the result 
of early life exposures, for example. In animal husbandry, ethical responsibility 
toward an individual animal needs to respect these nurture-based capacities, as well 
as telos, though there may be moments in the process of food production (such as 
slaughter) when an animal’s needs are sacrificed to achieve human ends. In the con-
text of research, responsibilities to individual animals derive from the guidelines 
imposed by animal ethics committees, or, in the United States, Institutional Animal 
Care and Use Committees (IACUCs). Here, suffering is limited by minimizing the 
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number of animals used, mitigating their pain, and replacing animal research mod-
els entirely, whenever possible. Once these guidelines have been satisfied, the 
IACUC must make a judgment as to whether animal suffering is offset by the gain 
in knowledge achieved through conducting an experiment, (Rollin 1995).

In the research context, the difference between the ethics of animal biotechnol-
ogy and the ethics of human genetic engineering becomes evident in comparing the 
standards applied by IACUCs and those applied by institutional review boards over-
seeing the use of human subjects. In the latter case, the key norm is informed con-
sent. Review boards for research on human subjects do not examine protocols based 
on the trade-off between harm to the research subject and benefits from knowledge 
leading to improved welfare for others. Instead, the protocol must include proce-
dures for both informing research subjects of risks, and securing their unforced 
consent to bear those risks. Ironically, one can do some things to humans that one 
cannot do to non-humans, simply because humans might be willing to give consent 
as an act of personal sacrifice. Houman subjects research becomes especially prob-
lematic when the human beings who bear risk are unable to give consent, such as 
children. The risks of germline genetic engineering, whether human or not, redound 
to the individual who will be come into life after the alteration is made. In the case 
of animals, IACUCs would demand that animals suffering as a result of genetic 
dysfunction be euthanized—an application of the requirement to mitigate unneces-
sary suffering. In the case of humans, such a procedure would be ethically 
unacceptable.

In summary, this distinction allows Rollin to treat the ethics of research ani-
mals—even those used in agricultural research—quite differently from the case of 
an animal intended for use in food production. In the case of research, individual 
animals are the focus, but the standards deployed by IACUCs both constrain animal 
suffering while permitting some amount of suffering as the price of scientific 
advance. In the latter case, it is the resulting breed, characterized by its telos that 
provides the test case for ethical justifiability. It is only when a modification becomes 
typical for a given subpopulation (e.g. a breed) within the species classification that 
questions about ethical acceptability arise. Ethical husbandry must accommodate an 
animal’s telos, it must not, in short, cause suffering in individuals of the sub-
population by frustrating an instinctual behavior or genetic drive. The idea of telos 
was intended to illustrate how drives might be unique to species or possibly even 
breeds, entailing specialized husbandry: chickens will be frustrated if they are 
denied the opportunity to perch, but cows and pigs do not have this genetically 
based drive. However, Rollin did not have ethically based objections to changing an 
animals’ telos through classical breeding or biotechnology (Rollin 1998).

A significant literature arose challenging Rollin’s willingness to countenance 
alterations in telos (see, for example, Bovenkirk et al. 2002). This literature empha-
sized the wrongness of any change that alters an animal’s “genetic integrity”, spark-
ing further philosophical debates over whether the idea of genetic integrity is 
meaningful (see Thompson 2020, pp. 112–132). Critics of Rollin did not mention 
the means for genetic transformation, nor did they lay stress on unintended harms 
caused by disruption of an animal’s genome. Rather, the emphasis was on what 
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might be called “animal natures”, or the behavioral traits that are thought to be most 
typical or essential for animals of a given species. As such, it is difficult to see why 
the introduction of gene editing has any bearing on this debate. Anyone who offered 
arguments based on animal integrity (whatever it is) through random gene insertion 
following microinjection will be opposed to changes in an animal’s integrity brought 
about by gene editing.

However, the precision of gene editing does provide a reason to think that indi-
viduals modified through gene editing will be less likely to experience welfare defi-
cits resulting from unintended changes in their genome. The most immediate 
implications apply not to animal breeds, but to individual animals used in research—
a result that has gone virtually unnoticed in the literature on ethical implications of 
gene editing. With respect to the genetic constitution or telos of a breed or strain of 
food animal created through gene editing, there is also reason to think that the haz-
ards accruing from vulnerability to disease or cognitive distress are less likely to 
materialize. However, this would not exempt genetic engineers from the moral obli-
gation to follow Rollin’s Principle of Welfare Conservation. They should not be 
producing animals that are worse off in terms of general health or propensity to fear, 
pain and other forms of anguish than other individuals of the species, irrespective of 
whether gene editing is used. Rollin’s approach would require them to relieve the 
suffering of any individuals produced in the research process, and to insure that 
genetic constructs associated with such suffering are not incorporated into the telos 
of the new population developed using gene technology. This principle may not 
have been routinely observed in classical animal breeding, but that only goes to 
show that classical animal breeding can be unethical, at least as much as animal 
biotechnology, (see Sandøe et al. 1999).

8.8 � Conclusions

What difference does gene editing make to the ethical evaluation of genetically 
engineered of food animals? The answer is: not much. The hotly debated environ-
mental impacts from genetically engineered animals all derive from the interaction 
of the phenotype with other organisms in its environment. These interactions, and 
indeed the very environments in which genetically engineered animals interact, are 
subject to forces that remain beyond human control. Nevertheless, it is not the man-
ner in which a gene construct is introduced, but the way in which that construct 
affects the organism’s interaction with both biotic and abiotic elements in the envi-
ronment that matters for environmental hazards. Similarly, the socio-economic 
implications of an altered food animal hang on its phenotypic characteristics, rather 
than whether the change was precisely targeted. In both cases, the claim that pheno-
types, rather than method of transfer, matter for ethics is consistent with the long-
argued claim that the specific product, rather than the process of transformation, is 
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what matters for risk assessment, (Tagliabue 2017). One exception to this general-
ization applies in the case of ethical evaluation of socioeconomic risks: cost savings 
from gene editing as compared with earlier methods of genetic engineering might 
increase benefit and reduce prices for farmers or other end-users of agricultural 
animals.

Gene editing derives such ethical significance as it does from the way that the 
ability to target a specific location on the genome reduces the chance that unin-
tended genetic changes will materialize. In the area of food safety, these would 
include changes that affect an animal’s production of toxins within its tissues, either 
in degree or in the specific tissues affected. One would expect such changes to affect 
the animal’s health and welfare, so the precision achieved by TALENS, zinc fingers 
and CRISPR/Cas9 also provides the basis for thinking that gene edited livestock 
have less chance of suffering deficits in animal welfare. In both cases, however, the 
difference occurs at a fairly early stage in the process of developing a new breed, 
strain or variety of food animal. Gene editing may help breeders move more quickly 
to a sub-population exhibiting the genetic stability that is associated with market-
able breeds or strains. It has been and will remain observations made in the final 
stages of developing and certifying genetic stability that the inductive evidence for 
food safety and acceptable animal welfare becomes available. If a breeder used gene 
editing to skip these steps, gene editing could even introduce greater risk in the food 
system, but the institutional structure of animal production militates heavily against 
the possibility of doing that.

In the case of food safety, the economic interests of biotechnologists coincide 
significantly with ethical responsibilities because both product safety law and liabil-
ity law make them vulnerable to negative judgments. There are, of course, critics 
who question whether technology developers are adequately constrained by these 
incentives (Meghani 2017), but the contrast to animal welfare is stark, nonetheless. 
Industrial animal production is rife with situations in which the drive to remain 
competitive requires producers to select breeds and adopt husbandry practices that 
are at odds with Rollin’s Principle of Welfare Conservation. While segments of the 
animal agriculture industry have taken steps to address some of the most egregious 
problems, there is nonetheless a very weak alignment between animal welfare and 
the economic interests of producers or technology developers. As a result, there are 
persistent calls for tightening regulatory processes to improve animal welfare 
(Croney and Millman 2007; Bonnet et al. 2020). Much of the debate over gene edit-
ing of animals has revolved around the question of whether these standards should 
be lowered when gene editing, rather than random insertion of transgenes, is the 
method of transformation, (Van Eenennaam et al. 2019). The question of what bur-
dens of proof regulators should apply in reviewing gene edited animals lies beyond 
the scope of this paper. From the standpoint of ethics, it is clear that gene editing 
does not relieve innovators of their responsibility to assure a reasonable standard of 
animal welfare, altogether.
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