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ABSTRACT
Transforming Nature Relations: A Brief Hiatus in Space and Time
Miriam Boyer
The dissertation departs from the premise that the materiality of living organisms, usually studied by
the biological sciences, is essential to the social sciences in order to understand how nature is
transformed by, and also transforms the distinctly different materiality of social relations. Agricultural
plants are an excellent illustration of this, because how societies produce with them coincides
materially with how plants reproduce, i.e., with their various living processes. Despite these deep
connections, the disciplinary divide between the natural and the social sciences has generated no
conceptual tools for studying the materiality of living nature in the social sciences. To address this
problem, the dissertation develops an original analytic framework that captures the transformations in
living organisms through spatiotemporal categories. These are used to analyze the transformation of
agricultural plants in three contexts: Peasant farming, Mendelian genetics and molecular genetics.
Spatiality and temporality serve as research tools for approaching the research material, consisting of
scientific papers, handbooks and government reports that document the transformation of agricultural
plants, spanning three centuries. The spatiotemporal concepts are shown to be versatile categories,
appropriate for understanding the transformations in living nature, from molecules to agroecosystems.
Moreover, they are also suitable for describing social processes, in particular the practices and
strategies through which peasant farmers on the one hand, and scientists on the other, have
transformed plants. The spatiotemporal categories therefore result in a common analytic perspective
for showing specific mechanisms that bridge societal relations and non-social materialities.
Significant insights are gained about society’s relationship to agricultural plants by specifying how—
rather than only recognizing that—the materiality of living plants shapes and is shaped by societal
relations. These include the important role of recurring material forms such as plant seeds, creating a
hiatus in the transformation of an otherwise perpetually changing materiality that results in a ‘fulcrum’
to their transformation; the spatiotemporal stabilization of plants as a material basis for dominant
forms of organizing production in various periods; or the consequences associated with practical
redefinitions of living processes that abstract widely from how plant materiality has been reproduced
historically. The long-term perspective used to study the transformation of agriculture is also
particularly useful for understanding contemporary transformations through molecular techniques
beyond plants. Of particular interest is the ‘fluid’ relationship between human labor and the living
processes of microorganisms for their potential to transform the materiality of contemporary
production.
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Introduction
The goal of this dissertation is to develop an approach for studying the
materiality of nature within the social sciences; that is, for capturing non-social
processes as they interweave with societal relations. Through the prism of agricultural
plants, my concern is with understanding how the living processes of organisms have
framed societal relations. As I show, ‘how plants grow’ has been at the crux of
transformations, in production, for 10,000 years and has not diminished at the present
time. Yet ‘how plants grow’ is not unchanging, it has also been transformed by how
societies practically redefine specific dimensions of their materiality. Consider seeds,
for example. They were not always at the heart of societal relationships with plants. But
when sown by the first farmers, they became a remarkable source of transformation:
The seed form embodies a hiatus in the life of an organism that is otherwise in a process
of perpetual change. As part of living nature, which “only changes in that it stays the
same, that is, stays the same in that it is perpetually changing” (Haug, 2012: 73), the
seed form is remarkable: It creates a break in time and space, a material ‘lever’ allowing
its transformation by farmers and later by scientists and entrepreneurs.
An approach that focuses on the living materiality of plants diverges from the
way that the majority of studies in the social sciences have approached nature. Social
scientists have largely assumed that the physical dimension of plants—their functioning
and transformation as living organisms—is the prerogative of plant physiologists,
geneticists, evolutionary biologists, ecologists and so on. Indeed, when the social
sciences have dealt with plants, they have approached them very differently. A brief
overview of recent research on agriculture in the social sciences includes the
controversies surrounding ‘genetically-modified’ organisms (Cummings, 2008;
Prudham, 2003); the ‘new peasantries’ (van der Ploeg, 2008; Pérez-Vitoria, 2005); the
political economy of plant breeding (Kloppenburg, 1988; Berlan and Lewontin, 1986);
agriculture and economic ‘development’ (Yapa, 1996; Shiva, 1991); the economies of
the new biotechnologies (Brandl, 2012; Parry, 2004; Sunder Rajan, 2006); legal
relations, in particular intellectual property (Santilli, 2011; McAfee, 2003;
Kloppenburg, 2010); and probably the most researched of all, the political relations that
frame the use of agricultural crops (Andersen, 2008; Jasanoff, 2005; Wullweber, 2004;
Brand and Görg, 2003; Fowler and Mooney, 1990). However, with the exception of the
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historiography of plant breeding, (Bonneuil and Thomas, 2009; Orel, 1996; Palladino,
1990; Fitzgerarld, 1990) rarely does this scholarship focus on how these societal
relations are linked to the living, non-social dimensions of nature. Moreover, this
relationship is seldom reflected theoretically.
Against the grain of this scholarship, the focus of the dissertation is on the
material transformation of the plants themselves; on how they were ‘reworked’ over
three major practices/periods: Their ‘domestication’ by peasant farmers into crops; their
transformation by classical genetics; and most recently by molecular genetics. Having
defined their new material qualities in each period, I then address how this materiality
relates to and transforms social processes and social relations. Conceptually, I approach
this relationship through the observation that plant reproduction (the living processes of
the plant) and agricultural production are largely one and the same process empirically.
An emblematic expression of this is the seed itself, which is at the same time the
harvested grain. The material coincidence of societal production and seed/plant
reproduction provides a central analytical fulcrum for my analysis. At the same time,
the goal is to define how the materiality of nature is related to the different materiality
of society as part of a productive—but also disruptive or even destructive—tension
between them.
	
  
The	
  Materiality	
  of	
  Nature	
  in	
  the	
  Social	
  Sciences	
  
By bringing together the materiality of living nature and societal relations, the
dissertation necessarily also addresses the relationship between the social and the
natural sciences. At times, natural scientists studying agriculture have framed their
research against the background of societal processes—for example, biochemists have
asked why green revolution policies lowered crop nutritional qualities (Davis, 2011; cf.
also Murphy et al., 2008); and in the social sciences, geographers interested in global
agricultural markets have speculated on the capacity of plants to produce more grain
mass (Moore, 2010; 2008). But rarely do these institutionally separate realms interact at
a deeper analytic level regarding the materiality of living organisms in the context of
societal relations. This is inadequate because little is clarified about the presumed
“consequences” of society on nature and vice versa; little or nothing connects them
theoretically. For almost two centuries, the social and the natural sciences have been
constituted as scholarly traditions, theoretical perspectives and methodological
2

approaches that have developed separately. The social sciences, built on the premises of
Weberian ‘social facts’ have not been attentive to nature’s materiality. Generally, they
have kept a distance from explanations that could evoke the naturalism or essentialism
that characterized some of their disciplines in the past.
Over the past four decades, critical scholarship in the social sciences has largely
approached nature from the perspective of Political Ecology.1 Political Ecology is an
approach that by now has a well-established profile in fields such as anthropology,
geography, political science, environmental history, development studies and sociology
(Robbins, 2004: 40; xix; cf. Berglund, 2006; Kottak, 1999; Escobar, 1999; Bryant and
Bailey, 1997). Reflecting its name, Political Ecology has frequently posited that politics
must be “put first,” claiming that “the role of politics in shaping ecology is much greater
today than in the past as a result of rapid social and technological changes that render
problematic the idea of a natural environment” (cf. Bryant and Bailey, 1997: 5ff.). This
assessment has led “political ecologists […] to favour consideration of the political over
the ecological” (ibid.). For others working with this approach, the primacy of the social
and of political relations is the result of the rapid valorization of nature which “is being
dramatically intensified and its dimensions multiplied” (Smith, 2006: 6).
The field of Political Ecology was developed in the early 1970s as a critique of
the scholarship that viewed nature as a realm external to society, failing to acknowledge
the deep implication of society in most processes that scholarship had tended to assume
were ‘natural’. Early research in the 1970s argued that the apparently inherent scarcity
of natural resources accompanying population growth could not be understood as
objective limits, but must consider scarcity as a problem of the highly unequal
distribution of natural resources (cf. Harvey, 1974). Even ‘natural’ catastrophes such as
floods were shown to be deeply conditioned by social relations, since they
disproportionately impacted some groups over others (Hewitt, 1983; Blaikie et al.,
1994). Many studies in political ecology also highlighted particular conflicts over
resources such as land and water, frequently focusing on cultural relations (cf. Watts,

1

By referring to ‘critical social science literature on nature’ I mean approaches that recognize that it is
epistemologically and therefore analytically impossible to consider nature independently of societal
processes and societal relations. This scholarship has therefore been critical of naturalist arguments (e.g.
Garrett Hardin’s 1968 argument about the ‘tragedy of the commons’). Political Ecology is a
heterogeneous field, not least of all theoretically. Authors who work within Political Ecology cover a very
broad range of positions: Marxist, poststructuralist, feminist, cultural studies, and Actor-Network Theory,
among others. (cf. Robbins, 2004; Köhler, 2008a).
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2002). As some scholars would have it, “nature is nothing if not social” and the task of
research is therefore to “show the concrete relationship by which nature is invested with
this social priority” (Smith, 2008 (1984): 47).
Without doubt, sufficient attention has not been paid to how nature is structured
by societal relations. This is problematic because, as Bruno Latour has put it, rarely do
people “appeal to nature except to teach a political lesson” (2004: 28)—that is, a lesson
about the ‘nature’ of families, of gender, of race, and so on. These naturalizations are
worth reacting to by making their social underpinnings explicit. Moreover, emphasizing
the ‘socialization’ of nature is also important when descriptions of nature and nature
itself tend to be seen as equal (e.g., Fischer-Kowalski et al., 2011: 101). These are
problems germane not only to studies of the ‘green stuff’ in biology, but also to fields in
which the social basis of knowledge has been far less scrutinized, including physics or
mathematics (Massey, 1999: 264ff.; cf. also Porter, 1995). Yet the predominance of
politics in Political Ecology has rightly led some critics to question, “whether the field
is likely to ... retain a claim to its identity as political ‘ecology’ rather than a primarily
social science/humanities study of environmental politics” (Walker, 2005: 73, emphasis
in original; cf. also Bassett and Zimmerer, 2004; Vayda and Walters, 1999 for similar
critiques). I concur with this assessment that on the whole, Political Ecology
emphasizes political relations in particular, and social relations in general, in a way that
makes it difficult to render the non-social materiality of nature visible.
Political Ecology studies have not focused on nature as much as on how societal
interaction with nature is structured, interpreted or contested in social (cultural,
political, economic) relations. Yet, if we have arrived at a position in which it is
accepted that nature is “social through and through” (Castree, 2001: 9), what is the
ongoing interest in something that is still called nature? It is paradoxical that research
on nature continues to proliferate while a central result has been to show how (else)
nature is social (e.g., Braun and Whatmore, 2010; Emel et al, 2002; Gregory, 2001;
Pelling, 2001; Escobar, 1999; Yapa, 1996). Clearly, there is something particular that is
worth referring to as ‘nature’, yet ‘seeped’ in society, nature’s particular materiality is
difficult to perceive.
This problem is compounded by the controversy that has ensued in recent
decades surrounding the validity of scientific facts, i.e., the “socially contingent manner
in which the objects of science are constructed and validated” (Demeritt, 2006: 455).
4

Probably nowhere is this more dramatic than in the fiery exchange regarding the science
of climate change (ibid.). But beyond the study of science, constructivism is also a
critical point of disagreement regarding the study of nature. Although social science
studies of nature and studies of science are heterogeneous fields of scholarship, they are
both characterized by a trend towards constructivist positions, ranging from
constructivist-realist to radical-constructivist variants, and many positions in between
(Demeritt, 2001).2 And yet the problem is neither a denial nor total dismissal by social
scientists regarding the materiality of nature.
While in constructivist criticisms of science it has not been infrequent that the
validity of scientific findings is flatly denied (cf. Demeritt, 2006), in the case of nature,
very few scholars hold a view as radical as to claim that “nature and reality are the byproducts rather than the predeterminants of scientific activity” (Woolgar, 1998, cited in
Robbins, 2004: 114). On the contrary, the majority of political ecologists have
underlined that they do not deny the “material reality of those things we routinely call
natural” (Castree, 2001: 13); and that they are “not ambivalent about the existence of a
‘real world’—rest assured, we believe in reality!’” (Braun and Wainwright, 2001: 45).
Indeed, it is unlikely that the scholars who argue that nature can only be seen as
“discursively constructed all the way down” (Escobar, 1996 cited in Smith, 1998: 273);
or who defend a strong view of nature as “contingent on social practices […] not fixed”
(Castree, 2001: 13), would extend this contingency to nature in the form of the
microbial composition of topsoil, or to a seedling germinating from the ground. And
yet, if these very processes are still considered uniquely “natural” rather than socialized,
are they irrelevant to social science analysis, given the fact that when these processes
change a major area of the nature that is transformed by society—i.e., agriculture—
unfolds very differently?
In this dissertation project I contend that it is important to conceptualize the
materiality of nature to make it intelligible to social science analysis. If this is achieved,
it will be possible to go beyond positions that are “satisfied with the insight into the
perennial interaction [between society and nature]” as put by the Frankfurt Institute in
1956. The goal is to understand how these two distinctly different materialities relate to
one another. To analyze this, however, it is necessary to develop a conceptual2

For an overview of these positions regarding inquiries into nature cf. Castree and Braun (2001); in the
case of science studies cf. Sismondo (2004). For a differentiated discussion of constructivism in the
context of climate change research, cf. Demeritt (2006).
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methodological approach that distinguishes between the non-social materiality of nature
and the materiality of societal relations; and that also does not lose an analytical grasp
of the various dimensions of this difference when analyzing society’s interaction with
nature, both as a process and as a historical outcome. 	
  
In the chapters ahead, I discuss an interesting approach known as ‘societal
nature relations’ that has developed a sophisticated understanding of the society-nature
relationship, including a recognition of nature’s particular materiality (cf. Görg, 2003a).
However, I argue that in empirical research, scholars working within this framework
have only touched on this materiality in an indirect manner. For example, Christoph
Görg argues that nature’s “materiality is asserted through our experience that it is not
possible to abstract from it at will… [as well as] in how we interpret the failed
strategies to appropriate” nature (Görg, 2003c: 188, emphases added). However, in
considering how to go beyond how this materiality is socially experienced/interpreted
and define nature’s materiality directly, Görg considers this to be the task of the natural
sciences (Görg, 2009: 317). In my research, I challenge this position. Not by arguing
that the perspective of the natural sciences is undesirable, however. Indeed, in all of the
chapters ahead, critically incorporating certain understandings of the living material
world as it has been described (and transformed) by the natural sciences has been
essential to this project. But I propose that a central challenge is having a
conceptualization of the materiality of nature; and at the same time, how its materiality
relates to the very different materiality of social processes. This requires a dynamic
concept of the physicality of nature that is compatible with social theory.
Without explicit categories for conceptualizing the materiality of nature in the
social sciences the latter remains unclear. For example, when social scientists borrow
terminology such as ‘genes’, ‘information’, or ‘biodiversity’ to refer to living processes,
they are not sensitive to the fact that these categories are in a constant state of flux in the
biological sciences themselves: A ‘gene’, as historians of science have shown, is
anything but a straightforward category within biology (Falk, 2009; Müller-Wille et al.,
2008; Rheinsberger, 2000). To date, some geneticists no longer work with the gene
concept, with historians of sciences even going as far as to state that, the “sheer weight
of the findings” of molecular biology “have brought the concept of the gene to the verge
of collapse” (Keller, 2000: 69). The same is also true of the once pervasive category of
‘information’ among molecular biologists (Morange, 2008; Keller, 2000). And yet, both
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‘genes’ and ‘information’ are widely used by social scientists as if they were selfexplanatory.3 As the natural sciences move on to different theoretical paradigms, instead
of appropriating the next buzzword (e.g., replacing ‘genes’ with ‘genome’) the social
sciences need different concepts to reflect on the material changes; including how new
concepts and practices in the biological sciences are transforming nature (for
historiographical examples of this, cf. Falk, 2000). We cannot use the same theoretical
constructs of the natural sciences because no common theoretical docking point exists
between their theories and those of social science.
In the dissertation, I develop an original approach that uses spatiotemporal
categories to capture the materiality of living plants. While spatial categories (such as
homogenization, diversification, clustering, density, etc.) describe dimensions of the
physical substance of living organisms at any scale, temporal categories (such as
synchrony, non-concurrence, temporal breaks, cycles, etc.) also capture its materiality
not only ‘over time’, but also in the sense of ‘timely’ processes, repeating patterns, and
so on. Spatiotemporal categories are useful on many levels. They make an analysis of
living organisms comparatively possible—for example by contrasting peasant and
industrial materialities on some specific dimension such as food production. They are
also versatile in allowing comparisons across widely different scales, from the
molecular to the global; or from the very slow tempo of evolution to the very fast tempo
of genetic engineering.4
Moreover, a decisive advantage of these spatiotemporal categories is that, not
only do they work well for describing the materiality of nature, but they can also
describe the materiality of social relations. They are therefore capable of connecting
nature’s materiality with an analysis of societal relations. The pervasiveness of spatial
categories in the social sciences reflects the central role of space (less so of time) in the
field of human geography. In geography, spatial categories have been used to indicate
the spatial patterns of social relations, often also relative to the built environment, such
as water infrastructure (Swyngedouw, 1999). But to the best of my knowledge, they
3

However, the reason that ‘genes’ continue to be used by scientists is that these terms are also vague
enough to allow communication among scientists who may work on a common topic but from very
different perspectives (cf. Rheinsberger, 2000; Dupré, 2004). However, it is less of a problem for the
natural sciences than for the social sciences to use metaphors such as ‘information’ because despite the
metaphor, they do not lose sight of the materiality of nature that they study.
4
In the field of human geography scalar differences have been made in reference to spatial dimensions.
But by scalarity I also explicitly mean temporal scalar differences. ‘Very slow’ and ‘very fast’ are of
course qualities in relation to human spatiotemporality.

7

have not been used to describe social relations and living nature that is fundamentally
different, in that it is in a permanent state of transformation. In this project, the
advantage of the spatiotemporal categories is therefore the fact that the same categories
can be used to render visible how the different materialities of society and nature
intersect.
I use the spatial and temporal categories not only analytically, but also as a
methodological or research tool to study the transformations in some of the material
qualities of agricultural seeds/plants as they were modified in three major periods: As
wild plants transformed into agricultural plants that were reproduced by peasant
societies; as peasant crops transformed through the science of classical genetics; and the
contemporary transformation of these plants through the science of molecular genetics.
For each of these periods, I address three specific processes: a) the practices and/or
strategies used by those who interacted with and manipulated the plants (peasant
farmers; breeders; geneticists, etc.), that is, how the transformation of plant materiality
is achieved; b) the qualitative transformations of the plant materiality itself, understood
historically; and c) how these material qualities become part of, shape, and are shaped
by societal processes and relations. While the second question is atypical for the social
sciences, it are important: It is essential to gain a sense of the structuring qualities of
how plants reproduce according to their own material ‘logic’; to then truly be able to
analyze how we produce with them. This question is not addressed from a technical or
technological perspective, but the goal is to render the materiality of plants tangible
using the spatiotemporal categories, and to then specify how exactly they intersect with
societal relations.
Given the long temporal span of these transformations my approach is historical
and comparative, based on various primary and secondary documents that describe the
transformation of the plants themselves. Relying on available documents produced by
those who transformed the plants was appropriate for approaching all three research
goals: The strategies used to transform the plants, the qualitative changes to the plants
themselves, and to a lesser extent, the significance of these qualities as part of larger
societal processes and relations. The research material is discussed in greater detail in
Chapter 2.
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Chapter	
  Summaries	
  
Chapter 1 provides an overview of how the materiality of nature has been
approached in the social sciences, organizing the discussion in a way that raises some of
the issues that I address in the research chapters. With the exception of Bruno Latour’s
Political Ecology, the majority of critical contemporary approaches in the social
sciences focusing on nature have addressed, in one way or another, the work of Karl
Marx. The chapter reviews some of this scholarship, including Political Ecology,
Agricultural Sociology, Eco-Marxism, but also two non-Marxist approaches: FischerKowalski’s ‘Social Metabolism’ approach, and Latour’s Political Ecology. I then
discuss an approach known as ‘societal nature relations’ as developed by German
Regulation scholars. I devote more attention to this framework given its sophisticated
understanding of the nature-society relationship with the central concept of ‘societal
nature relations’ that pays particular attention to the materiality of nature. I also argue
that in this work, conceptual attention to the materiality of nature is reduced because it
is limited to capturing how materiality is dealt with through political relations, but not
how the materiality itself is transformed.
In Chapter 2, I present my methodological approach in detail, incorporating
elements of the ‘societal nature relations’ perspective, but also capturing the materiality
of nature according to the spatiotemporal categories discussed above. These categories
are useful on various dimensions: They serve as research tools; as the categories that
describe the transformations in plant materiality that I study; and they also capture how
the materiality of nature becomes part of societal processes and relations. I present the
logic of the research questions in detail; the relationship of the research to the biological
sciences; and discuss the research material used to address them.
In Chapter 3, I use this methodology to study the transformation of ‘wild’ seeds
into agricultural grains. I analyze the seed as a unique spatiotemporal form of an
organism, embodying a spatiotemporal hiatus in life processes that are otherwise in a
perpetual state of transformation. I discuss how the earliest peasant agriculturalists used
the seed as a living ‘lever’ that allowed them to ‘stretch’ the materiality of the plant in
space and time. To capture the materiality of peasant agriculture it is also necessary to
look beyond the seed and take the larger environment, both natural and social, in which
peasant seeds developed, the agroecosystem, into account. The materiality reproduced
by peasant practices is that of ‘landrace’ varieties that are spatiotemporally specific to
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the agroecosystem. I argue that landraces are more appropriate to describing plants as
shaped by peasant transformations than the widespread notion of diversity. ‘Diversity’
presupposes a global scale that did not exist until the 16th century. This makes it a
misleading term for describing the materiality of peasant agriculture, albeit a useful one
for showing how peasant seeds were viewed at this scale as a resource to be transported
and incorporated into other kinds of production. This took place very rapidly in the
wake of the European colonization of the Americas, bringing seeds into new systems
such as plantation agriculture. Although production was no longer peasant, the
materiality of peasant seeds remained a key force in the new productive contexts,
including the 19th century agricultural commodities defined by Food Regimes
scholarship. By highlighting the reproduction of peasant wheat varieties in this period, I
show that the characterization of the first Food Regime presupposes a transformation of
the materiality of agriculture that has not been recognized. By the turn of the 20th
century a wide search was underway to go beyond the limits presented by peasant seed
reproduction in the rapidly industrializing context of the United States.
To understand the very different practices that genetics entailed vis-à-vis the
peasant reproduction of landraces, in Chapter 4 I look back at the early experimental
plant hybridizations in the late 18th and early 19th centuries, showing how deliberately
cross-fertilizing plants became a new way of intervening in their materiality,
systematically pursued as a scientific endeavor that re-conceptualized reproduction no
longer as a historical but as a functional process. Gregor Mendel’s experiments in the
1850s are exemplary of this new approach, forming the basis of a new strategy for
stabilizing the materiality of plant organisms through classical genetics: A
spatiotemporal hiatus (a cyclical temporality) is approximated through inbreeding and
the plant is redefined as a series of binary character traits, snapshots of the organism
that could be combined through cross-fertilization. The chapter illustrates how this new
approach was used to recalibrate the materiality of plants in the 20th century through the
example of a breeding technique known as ‘f1-hybrids’ as developed in maize in the
United States. I show how a homogeneous and stable, ‘passepartout’ materiality was
achieved and describe how it redefined food and agricultural production during the
Fordist period/Second Food Regime. I argue that the transformation of production in
this period cannot be seen as a process of rationalization that was ‘applied’ to the plants
but the result of a concomitant transformation of their materiality.
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Chapter 5 studies the transformation of living organisms through the
manipulation of the molecules of living cells. Molecular strategies not only conceive of
plant organisms as absolute spaces in the absence of temporal variability, but to some
extent can also temporarily manipulate them as such. The chapter traces back to the 19th
century to show how the very small and at the same time tremendously large and
complex molecular spaces were discerned and made available to the social scales of
research, and later of production. Transforming organisms through a molecular
approach depends on defining experimental correspondences between the DNA
molecule and particular substances in the cell. I describe how this is achieved,
underlining that these high-tech transformations continue to depend essentially on
deploying of the materiality of the oldest living processes of nature as (re)productive
forces. The spatiotemporal categories are used to critically review the science literature
interpreting the ‘unexpected consequences’ of molecular transformations as a
temporal/historical discontinuity. I then discuss molecular engineering in the context of
production processes. In contrast to the Fordist period reviewed in Chapter 4, I argue
that from the perspective of the dissertation, it is difficult to discern a process
transforming the production of food and agriculture relations through molecular
engineering in the sense of a new Food Regime or the like. Despite the fact that
molecularly engineered agricultural plants are currently sown on nearly one tenth of the
agricultural surface of the earth, from the production point of view (as opposed to
reproduction), their materiality differs little from that of Fordism. At the same time,
there are very new transformations taking place entailing the cultivation of single cells
that have been modified molecularly. I focus on the example of vanilla production
through modified yeast to show the new role of living organisms as productivetransformative forces in these processes and their fluid relationship vis-à-vis human
labor. Finally, I evaluate how the ability to practically define life-processes as absolute
molecular spaces has facilitated a process of valorization in the absence of production.
In the Conclusion I evaluate the usefulness of the spatiotemporal methodology
and re-address the research questions by reflecting on the various findings in all
chapters. I also raise two additional issues: The notion of ‘regulation’ as applied to
societal nature relations; and how the social and natural sciences relate to the
abstractions

that

result

from

their
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1. Nature in the Social Sciences

Grey, dear friend, is all theory
and green the golden tree of life.
Goethe, Faust I, 2038 f.

Introduction	
  
In this chapter I review how material dimensions of nature have been studied
from various perspectives in the social sciences. The discussion is organized to raise
some of the issues that I address in my research. I first discuss and critique a scholarly
division of labor between the social and the natural sciences in which the study of
material aspects of nature is generally seen as the exclusive realm of the natural
sciences. Despite the proliferation of studies of nature in the social sciences through
fields such as Political Ecology this lack of attention to the materiality of nature has not
changed substantially. These approaches recognize a material nature but nevertheless
approach its study in a way that renders it ‘contingent’ upon societal relations. After
reviewing how each of these approaches have addressed material aspects of nature, I
also briefly review two approaches that incorporate material dimensions of nature by
engaging with concepts from the natural sciences. In the last third of the chapter I
discuss an approach known as ‘societal nature relations’ in greater detail. It is
characterized by a strong conceptualization of the materiality of nature as part of its
understanding of nature and society. Despite the strengths of this approach I argue that
its full potential is not realized given its focus on political relations without capturing
the transformation of material nature in other realms. This approach and my critique are
an important ‘springboard’ for the methodological framework I develop in Chapter 2.

Nature	
  in	
  the	
  Social	
  Sciences	
  
A study of nature must first define a clear theoretical strategy. While this is also
true of any study of society, it is all the more necessary when nature is the object of
research, given two complementary tendencies that have obfuscated nature in the social
sciences. The first is related to a strict separation of the social and natural sciences, each
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with its distinct realm of research. This separation has not meant that for the social
sciences, the study of nature would be off-realm: Indeed, over the last three to four
decades, the ‘environment’ became a frequent focus in the social sciences, along with
other ‘area’ studies, including Gender Studies, Latin American studies, Science Studies
and the like. Rather, the problem is a division of labor separating nature into two
distinct realms: On the one hand, the social sciences study the societal processes
framing the (largely undertheorized), ‘green’ reality (e.g., how different cultural
frameworks perceive its greenness; how it is transformed by different technologies;
what strategies there are to preserve ‘it’, etc.); and on the other, the natural sciences
focus almost exclusively on the physical materiality of a highly empirical (and societyless) nature (e.g., why large parts of it are in fact ‘green’; how the greenness evolved
from microorganisms in the sea; how a tiny seed is transformed into a giant redwood;
how it reproduces, develops, relates to organisms, dies, etc.).
The division of labor just described is not illogical. For example, there are good
reasons for separating the dynamics of how the human immunodeficiency virus (HIV)
spreads via social practices and is structured by social relations, from the dynamics of
how the virus reproduces and impairs the metabolism of the human body. At the same
time, one need not go far beyond the ‘bread and butter’ terrain of contemporary social
science to encounter areas that raise questions about the adequacy of this disciplinary
division. Consider the process of gendering, which is difficult to analyze without some
reference to the living, growing and reproducing ‘natural’ body. In this second example,
what is viewed as chiefly natural and what is defined as social may diverge from one
social science discipline to another, with the materiality of the gendered body
increasingly emphasized as one moves from the field of political science to sociology,
to anthropology. The deep implications of ostensibly natural and social processes may
also come to the fore when describing the process of climate change. Here, the
adequacy of understanding the ‘environment’ as having a clear non-social status is
questioned by anthropogenic changes to the materiality of the sea or the composition of
the atmosphere. But while parts of human geography might see this process as social,
some researchers in the field of economics would grasp the change in sea level acidity
as an ‘externality’ to social economic activity.
To make matters more complicated, the apparent logic behind such divisions is
not only reproduced by disciplinary boundaries but in some cases appears to reflect a
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‘common sense’ understanding about what is social and what is natural across a broad
range of social science fields. Probably the best example of this is the transformation of
living organisms through what is popularly referred to as ‘genetic engineering’. This
new transformation of the relationship between ‘society’ and ‘nature’ (explored at
length in Chapter 5 of the dissertation) is often assumed to be good evidence that—only
now—are we dealing with a remarkable mixing of heretofore separate realms, an
“always more apparent disappearing ‘borders’ of society and nature in ‘the age of the
technical reproducibility of nature’” (Brand, 2000: 151, quoting also Böhme, 1992).
Some scholars even see the weaving together of nature and society to such a degree that
leads them to assert that “global warming and genetically-modified organisms are
certainly socially produced” (Smith, 2008a: 875; see below for a discussion of
‘production’ in this sense).
Given the need to critically assess boundaries that have come to define the
scholarly relationship between nature and society, some of the most clarifying work has
embraced a historical approach. This work has not assumed, as do the above citations,
that we are only at present experiencing an increasing loss of borders between society
and nature. Instead, it has questioned these assumptions, helping to historicize our
perception of these boundaries as societal definitions of nature. Examples of such
inquiries are as diverse as Michel Foucault’s 1966 study of ‘the discourse of nature’ in
Order of Things; or Susanna Hecht’s studies of the Amazon, which show that the
landscapes of one of the most powerful symbols of what our common-sense
understandings of ‘nature’—the rainforest—has been thoroughly shaped by societal
relations throughout millennia of constitutive co-existence between human and nonhuman beings (Hecht, 1998; Foucault, 1966). Studies such as these make it difficult to
deny that ‘empirically’ social relations and nature processes are intricately interwoven
and frame each other fundamentally. But at the same time, disciplinary traditions
obscure how to approach understanding their particular but different dynamics as part of
a common analysis. We social scientists largely lack conceptual tools that allow us to
analyze living organisms. We can describe, but we do not have the appropriate concepts
to bridge the lives of trees and the lives of people.
Within the social sciences, the perfect symbol of this “great divide” (FischerKowaslki et al., 2011: 99; cf. also Massey 1999) is Weberian sociology which framed a
discipline that was to have clear ‘social’ explanations for ‘social phenomena’ (cf.
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Becker and Jahn: 2003a: 91f.; Goldman and Schurman, 2000: 564). It has been
suggested that of all the social science disciplines, this dualism is most entrenched in
sociology due to the social-Darwinist beginnings of the field and the approaches of ‘preclassical’ theorists such as Malthus or Spencer, such that early on, “the conceptual
structure or ‘disciplinary matrix’ by which sociology came to define itself, especially in
relation to potentially competing disciplines such as biology and psychology,
effectively excluded or forced to the margins of the discipline questions about the
relations between society and its ‘natural’ or ‘material’ substrate” (Benton, 1994: 29
cited in Foster, 1999: 368. cf. also Buttel, 1996). Despite the fact that this has been seen
as a lesser problem in other social science fields,5 it is fair to assert that a first tendency
that makes it difficult to approach a study of the material nature in the social sciences is
that the modern scholarly disciplines are characterized by having developed a
theoretical perspective that has established a strong division of labor between what is
perceived as the natural and the social.
The weight of this theoretical tradition notwithstanding, a major shakeup of the
tendency to keep society and nature separate came in the wake of a widespread
perception of an ‘ecological crisis’ from the early 1970s onward, including a strong
dissatisfaction with how this crisis was perceived and analyzed in mainstream social
science and in public institutions (Köhler, 2008a: 852; Castree, 2000: 18). The result of
this dissatisfaction was the development, over the following decades, of various
‘schools’ or currents that studied nature as an increasingly important sub-discipline
across the social sciences, including human geography, anthropology, political science
and sociology. Among these, one of the most successful—in the sense of enjoying a
wide scholarship, visibility and broad discussion— is without doubt the approach
known as ‘Political Ecology’. In comparison to some of the other approaches discussed
below that turned to the study of nature, Political Ecology’s success in bringing nature
to the social sciences is related to the fact that it became established in United States
and United Kingdom academic institutions, and therefore enjoys a wider readership
5

Other social science disciplines may be more apt to incorporating ‘nature’ into their theoretical and
research canons. This is clearest for the field of geography, including human geography, due to its
conceptualization of space, landscape and the “built environment” (Harvey, 1982). It is also true of the
field of anthropology that has questioned culture in relation to nature, a connection that Sarah Whatmore
sees as a result of the fact that geography and anthropology “took shape before the division of academic
labours into social and natural sciences became entrenched” (2006: 601). In Economics, perhaps the most
common approach to dealing theoretically with nature has been through the concept of ‘externalities’
which, according to Jacobs, has made “environmental economics . . . one of the fastest-growing academic
sub-disciplines throughout the industrial world” (Jacobs, 1994: 67, cited in Foster, 1999: 367).

15

than academic debates carried out in other countries and languages. Political Ecology
also brings together a heterogeneity of studies and conceptual approaches (Köhler,
2008a) that make it broadly appealing and allow it to interact easily with ‘area’
scholarship such as feminist studies, agrarian studies, urban studies, etc. Also, unlike
other approaches discussed below, Political Ecology has been less theoretical in its
approach, characterized instead by a wide range of empirical studies ranging from
environmental degradation (especially in the global South) (Bryant and Bailey, 1997;
Escobar, 2008); social movements that have been formed around environmental
conflicts (Bebbington, 1996); colonial and post-colonial relations as they relate to the
environment (Cronon, 1986; Grove, 1995); studies of food production and consumption
(Guthman, 2011; Grossmann, 1998), and more recently, some studies that focus on the
‘built’ or ‘produced’ environment of cities, also in the global North (Keil, 2007).
Political

Ecology

developed

against

dominant

conceptualizations

of

environmental problems in the 1970s in fields such as human ecology and anthropology
(Vayda and Walters, 1999: 167f.). At the time, a number of neo-Malthusian and
otherwise ‘naturalist’ positions had proposed that ‘ecological problems’ such as
dwindling natural resources must be understood as problems of over-population, as
argued, for example, in Ehrlich et al., The Population Bomb (1968), or a few years later
in the famous Club of Rome study by Meadows, et al., The Limits to Growth (1972).
Political Ecology rightly criticized these analyses arguing that these seemingly objective
‘natural’ problems were also framed by unequal power relations, unequal distribution of
resources, and so on (cf. Harvey, 1974). The important contribution of these studies was
to bring out the social relations that are deeply intertwined in everything we call ‘the
environment’ or ‘nature’, starting with our own necessarily socialized perception or
knowledge of what nature is (Demeritt, 1999). Over the following decades, Political
Ecology has made a strong case that there is no meaningful way to speak of ecological
problems as if social relations did not also structure them. Thus, Political Ecology had
the merit of re-framing social science’s understanding of nature, or of ‘socializing
nature’, as Castree has put it (Castree, 2001).
I highlight Political Ecology here because despite its many strengths it also
illustrates an obstacle to the study of the materiality of nature in the social sciences:
Although it has made nature visible to the social sciences and has shown social relations
interweave through what we usually think of as ‘nature’, Political Ecology has generally
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embraced a position that, if pointedly and somewhat schematically summarized in a
single phrase, is captured by geographer Noel Castree’s proposition that “nature —
which we typically define as nonsocial— is, in fact, social through and through”
(Castree: 2001: 9). While a few proponents of Political Ecology have even gone as far
as taking this position as a radical-constructivist denial that there is any objective way
of producing knowledge about nature (cf. Gregory, 2001), as discussed in the
introduction, the problem is not that the mainstream of Political Ecology, Castree
included, would deny that nature, with distinct qualities from those of society, exists. In
fact, political ecologists have at times taken pains to state that highlighting the social
does not mean collapsing nature and society:
[To assert that nature is ‘social through and through’] is not at all
a denial of the material reality of those things we routinely call
natural—be they trees, rivers, animals, or anything else. Rather,
it's an insistence that the physical opportunities and constraints
nature presents societies with can only be defined relative to
specific sets of economic, cultural, and technical relations and
capacities. In other words, the same ‘chunk’ of nature - say the
Amazon rainforest - will have different physical attributes and
implications for societies, depending on how those societies use
it. In this sense, the physical characteristics of nature are
contingent upon social practices: they are not fixed (Castree,
2001: 13, emphasis in original).

While this point is well taken, it captures what I see as the center of the second
tendency, which is that an independent materiality of nature is downplayed, or is
conceptualized as necessarily contingent upon social practices and social relations. This
is a problem from the perspective of this dissertation that will study the materiality of
living organisms; for as the quote illustrates, it is difficult to conceive of a materiality of
nature with an independent logic to that of social materiality. The second tendency
therefore actually reinforces, or might be seen as part and parcel of the first: In the last
30 years, the social sciences have cut through the ‘great divide’ between the social and
the natural sciences, but paradoxically, have done so in such a way as to reinforce it:
While we are confronted with contemporary environmental problems that are already
showing a great effect on the materiality of the life around us, we adhere to a way of
approaching nature that tends to reinstate the old scholarly dualism between social facts
and nature (albeit) in a new fashion: The natural sciences continue to study the physical
nature of molecularly engineered foods or climate change while social sciences study
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the societal relations that frame these issues. Both are purportedly studying ‘nature’, but
actually the social sciences hardly touch on the materiality being transformed, while the
natural sciences often carry out their work as if the social constitution of nature did not
play a major role in who transforms this material nature and under what conditions. 6
Castree’s position that “the same ‘chunk’ of nature […] will have different
physical attributes and implications for societies, depending on how those societies use
it” can also be seen as a reflection of an approach that is considerably older than the
modern ‘great divide’ among the contemporary sciences which is only 100-150 years
old. The dominance of the ‘social nature’ position probably also reflects a millennial
Platonic-Christian tradition in which materiality is characterized by its (social) form,
rather than by a distinct and independent physical substance (cf. Haug, 2010). In Greek
antiquity, for example, some of the central images that Plato, in opposition to Epicure,
used to describe the concept of materiality included modeling clay, gold, and anointing
oil— an oil that was prized for being free of scent, meaning that it could then be
characterized by the form given to it by fragrant substances. These terms are used to
convey a concept of materiality, yet what is portrayed as active, tangible or dominant in
these terms is the forming instance, rather than the formed substance (ibid.). After Plato,
Aristotle and a long tradition of Western philosophy also understood materiality as “a
potential [Potenzialität] with no ontological status of its own, but must first always be
formed” (Köhler and Wagner-Egelhaaf, 2004: 8).7
This dominance of (social) form in shaping a dominant concept of materiality
created a particular view of the world, also strongly espoused in Christian theology and
characterized by certain dualisms that reflected specific hierarchies of domination:
Form/materiality is extended by a similar logic to otherworldly/worldly; man/woman;
mind/body, etc. (Haug, 2010). In contemporary approaches to the study of nature such
dualisms that strongly separate form/substance or society/nature have been one of the
6

There are scholars in Political Ecology who have paid more attention to the materiality of nature, noting
that “nature and environmental transformation are also integral parts of the social and material production
of [the social processes that give rise to particular] scale[s]” and that “scalar re-configurations also
produce new socio-physical ecological scales” (Swyngedouw, 2004: 312, cited in Köhler 2008b: 217).
Describing Political Ecology, Köhler is also correct to note that questions of environmental politics tend
to highlight the social and material implications of social processes. For example, the result of a political
conflict may affect whether local peasant communities gain the right to control the resources on their
territory (2008b: 213f). But this is still far from capturing this materiality directly. Vis-à-vis this
literature, the dissertation attempts to render the materiality of nature even more explicit by proposing a
tool for defining how (as opposed to only recognizing that) the material dimensions of nature change.
7
All translations throughout the dissertation are mine except in cases where I cite a published translation.
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most sustainably addressed theoretical issues, even across a range of different
approaches (cf. Smith, 2008 (1984); Castree, 2000; 2002; Benton, 1989; Görg, 2003a;
Latour, 1993). But also here, the dualism has paradoxically been criticized in such a
way that it is resolved from the perspective of the societal form, as exemplified by
Castree’s earlier comment. Resolving such dualities in favor of a nature that is
contingent upon social relations seems to suggest that social science’s study of nature is
limited to the way in which we—socially, culturally, practically—interact with and
transform material-physical ‘nature’, without however needing to conceptualize this
materiality.

‘Materiality’
Before reviewing how various positions in the Social Sciences have approached
the study of nature, I explain why I have chosen the term ‘materiality’. As discussed in
the introduction, at the center of the dissertation is the materiality of living organisms—
‘how plants grow’. In German, there would also be a fitting term, Stofflichkeit, which
has the advantage that it conveys a very physical ‘substance’, the ‘stuff’ of nature.
However, something substantial is often incorrectly associated with things that are
tangible to the human senses (cf. Haug, 2001: 99ff), a point that I touch upon in Chapter
5 when I discuss the transformation of plants at the molecular scale. I have also avoided
the term, ‘physical nature’, given the frequent convolution of terms to describe the
science that studies nature, and nature itself. For example, to characterize living vs. nonliving nature Neil Smith speaks of “biological versus non-biological nature” (2006: 16);
Boyd et al. take on Bunker’s distinction between “geological, hydrological and
biological forces” (Bunker, 1989, cited in Boyd et al., 2001: 558); and the United
Nations have a convention on “biological diversity” in which a basic term is that of
“genetic resources”. In each of these cases the adjectivization of the various sciences
that study dimensions of nature conveys a common-sense distinction that vaguely refers
to different qualities of nature. Thus, when Harvey writes about a “transformative
action… that can be found everywhere in the physical, biological and social world,”
(1996: 55) he probably means, ‘in both living and non-living nature, as well as in the
social realm’. These distinctions are important in avoiding the convolution of the map
and the territory it seeks to chart.
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Among other possible terms such as ‘living process’ or ‘metabolism’ I have
chosen to refer to the ‘materiality of nature’. On the one hand, the term seeks to create a
contrast to the essentially different materiality of social relations, but at the same time to
bring out how each of these two materialities relate to one another (see below). This
connection is not, however, ‘empirically’ obvious. In agriculture, plant reproduction and
societal production are largely one and the same material process and from a
practical/empirical perspective it is impossible to say ‘where’ nature dimensions end
and the societal dimensions begin: As the discussion in this chapter will show, the
social sciences have gone back and forth between seeing nature as thoroughly
‘socialized’, or as a nature that is different and therefore presents some kind of objective
‘limits’ to society. As I will argue, in order to show how society and nature ‘interact’, it
is necessary to make an analytical distinction between the materiality of societal
relations and the materiality of nature, or between production and reproduction. Here, it
also creates a conceptual bridge to ‘materialism’ in the Marxist tradition.

Materiality	
  and	
  Materialism	
  
With few exceptions—most notably Actor Network Theory, discussed below—
the materialist approach of the work of Karl Marx has been taken as a point of departure
for much of critical contemporary work on nature, despite the heterogeneity of the
conceptual frameworks from which it is approached and the particular—sometimes
widely disparate—interpretations of Marx. Lindner (2008) describes Marx’s
Materialism as corresponding to a position that in contemporary debates might be
described as ‘realist constructivist’. Marx is constructivist in the sense of understanding
the process of cognition not as a reflection or a mental representation, as did the
philosophers of the 17th or 18th centuries, but as a practical and social-subjective process
(30f.). In addition, a realist position that recognizes an independent reality beyond social
cognition (i.e., beyond the realm of social processes), characterizes the Marxist position
and gives it some advantages in capturing distinctions between societal and nature’s
materiality.
Because nature is no exception when it comes to the widely disparate and
contradictory interpretations of Marx, I begin with a short overview of what I take to be
some of Marx’s most important points on nature, before turning to the more
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contemporary scholarship that has developed on his work. What is helpful about Marx’s
analysis, despite being primarily an analysis of societal relations, is that it often does the
opposite of what social science does today: It frequently draws clear connections
between material nature and societal relations. In his early work, Marx writes that the
“production of life... appears as a double relation, as a natural, but on the other hand
also as a societal relation“ (MEW 3: 29 (1845)).8 Yet, in contrast to the materialism of
Marx’s contemporaries, Marx’s attention to nature has been famously described as
‘non-ontological’ (cf. Schmidt, 1962: 12) meaning that it was not “only in the form of
contemplation [nur unter der Form der Anschauung]” (MEW 3: 5 (1845)), i.e., not
‘prior’ to society. This is also reflected in Marx’s position that our knowledge about
nature attains “its goal and also its material only… through the sensory [sinnlich]
activity of humans” (MEW 3: 44 (1845)). As Marx observes, if this practical dimension
of the materiality of life is ignored, society and nature tend to be understood as
“opposites”:

The entire understanding of history until now either did not at all
consider this real basis of history or saw it as a minor point
irrelevant to its course. History must therefore always be written
according to a criterion outside of it; the real production of life
appears as primeval history, while what is historical appears as
something cut off from life, something extra and other-worldly.
The relation of humans to nature is cut out from history here,
through which the antagonism of nature and history is created“
(MEW 3: 39 (1845/46)).
For Marx, a key mediating practice between the historically interwoven human nature
and non-human nature is above all labor, both as a transhistorical human practice and as
an historically specific process. Labor is not considered, as did Adam Smith and later
Émile Durkheim, from the perspective of the efficient satisfaction of societal needs, but
as the “production of use-values, [the] appropriation of the natural for human needs,
[the] general condition of the metabolism between humans and nature, [and the] eternal
nature conditions of human life” (MEW 23: 198 (1867):

8

In all Marx citations MEW refers to the Marx-Engels Werke, which is the most commonly cited
German edition.
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Labor is first a process between humans and nature, a process in
which humans mediate, regulate and control their metabolism
with nature through their own actions. Humans confront the
substance of nature [Naturstoff] themselves as a power of nature
[Naturmacht]. The nature forces [Naturkräfte] that belong to
their corporeality [Leiblichkeit], arms and legs, head and hand,
are put into motion in order to appropriate the substance of
nature in a form that is useful for them. Through this motion
through which humans affect upon the nature outside of them
and change it, they change their own nature (MEW 23: 192
(1867)).

Embedded in this quote, written ca. 20 years after the earlier quote, are several key
conceptual aspects of the relationship between nature and societal materiality. On one
level there is a ‘moment’ in the ‘nature power’ of humans’ own corporeality, their arms
and legs, head and hands, in which humans are themselves part of nature. But this
human nature is at the same time distinct from a nature outside the human body, a
nature that humans transform in a manner useful (but often also destructive) for their
own life through a labor process. This process includes, nota bene, the human ‘head’,
that is, the process of thought and knowledge creation. And yet there is a material
connection to thoughts/knowledge, through the corporeal head in interaction with the
practical external nature outside the human body. It is clear that not only historically,
but practically, labor, is a transformative activity that changes and is changed by nature.
A second key aspect of human-societal labor in the above quote is that humans
also “regulate and control” nature as part of the labor process. As Marx goes on to note,
“we are not dealing with a first animal-like instinctive form of labor… A spider carries
out operations similar to those of a weaver and through the creation of her wax cells a
bee puts to shame the best human building craftsman. But from the outset, what defines
the worst craftsman from the best bee is that he builds the cell in his head before [the
bee] built it out of wax” (MEW 23: 192f). Here Marx shows not only a mutual
constitution of society and nature, as emphasized in the previous passage, but also a
fundamental difference between societal and nature processes. This is an historical
process (“we are not [no longer] dealing with…”) in two senses: In the sense of a
material differentiation and in the sense of a cognitive-material process through which
the hexagonal honeycomb is imagined and planned before it is ‘built out of wax’. The
tension between a mutually-reinforcing constitution of nature and societal processes, on
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the one hand; and their material differences, on the other, will also play a major role in
the dissertation.
Marx’s Critique of Political Economy also underlines other important elements
of a difference between society and nature, but within the specificity of capitalist
relations. Labor is not only a mediating practice between human and non-human nature
in which “humans can only proceed in production as nature herself, i.e., only changing
the form of the material [die Form der Stoffe ändern]” (MEW 23: 57), but also a
societal process of valorization. As such, labor produces use values, which compose the
“material content of wealth, whichever its societal form may be” (MEW 23: 50), and
exchange values through the process of the reproduction of the capital relation. This
‘double character’ of labor, however, creates a contradictory situation that has been an
important theme of contemporary studies of nature: The production of relative surplus
value brings with it a search for new use values, as manifested, for example, in the
“exploration of the earth on all corners, both in order to discover new objects, as well as
new uses for old ones; and new properties of the same raw materials, etc.; the
development of the natural science [is therefore developed] to its highest” (MEW 42:
322 (1857)) as bases for capitalist-based production. But despite the central role of
material nature in the expansion of capital, production becomes indifferent to the
particularities of nature that are not transformed into needs-satisfying commodities for
the production of exchange value. This is a historically particular difference between
society and nature based on an abstraction from the concrete material qualities of
nature:
Nature becomes then simply an object for humans, simply a
useful thing; [it] ceases to be recognized as a power in its own
right; and the theoretical understanding of its autonomous laws
itself appears only as artifice to be subjugated to human needs,
whether as an object of consumption or as a means of production
(MEW 42: 322 (1857)).
The above passages in the work of Karl Marx are by no means the only relevant
ones in establishing a definition of the relationships between society and nature in his
work.9 But each of the points highlighted have been major points of departure or major
9

The most comprehensive reading of Marx from the point of view of nature has been without doubt the
work of Frankfurt theorist Alfred Schmidt, whose dissertation was titled The Concept of Nature in the
Work of Marx (Schmidt, 1962). Even as it offers an interpretation of Marx, it surveys and engages with
Marx’s original work very closely.
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controversies among large parts of contemporary work on nature, including the work of
scholars that are not explicitly Marxist. Yet the wide range of readings of Marx and the
fact that they are often isolated readings (i.e., without necessarily engaging to
contextualize them with the rest of his work) has led to an “ecological Marx”
reminiscent of the tale of the elephant and the blind men. For example, while Gehrig
reads the above passage about the corporeality of humans (MEW 23: 192) as evidence
that it is impossible to assume a constitutive difference between “humans and nature”
(Gehrig, 2011: 628); Görg reads the same passage as underlining “a difference between
the societal and the nature process” (1999: 53 emphasis in original). Likewise, while
Martínez-Alier finds that “despite his occasional comments on the misuse of nature in
capitalism it is conspicuous that ecological problems [in the critique of political
economy] are blended out” (Martínez-Alier, 1987: 72), for Methe, “ecological
questions” are “precisely an inherent component of Marxian theory” (Methe, 1981:
104, cited in Gehrig, 625). Inevitably, and reinforced through the fact that the critique
of political economy’s primary attention was not the analysis of nature as such (despite
the fact that Marx’s attention to the materiality of nature appears to be everywhere),
different scholars have taken various aspects of his work—in order to champion a
greater primacy of nature, of society or even to “read him [Marx] as neither [a naturalist
nor a constructionist (sic)]” (Castree, 2000: 13).
With two exceptions, the discussion of several contemporary approaches to the
study of nature in the social sciences that follow are related in more or less explicit
ways to nature as conceived by Marx. My aim is to give a general view of their central
positions, focusing on aspects that will be relevant to the way that I designed my
approach to studying the materiality of nature in the dissertation, as described in
chapter 2. I first discuss the ‘Production of Nature’ argument associated with the work
of Marxist geographer Neil Smith that has been broadly popular in Political Ecology. I
then turn to various scholars who have approached the materiality of nature from a
concept of ‘limits’ (obstacles, etc.) imposed by nature for the development of capitalist
relations. This includes the work of a group of ‘Eco-Marxist’ scholars, but also work
that has been more empirically oriented and has made interesting contributions to
specifying qualities of living vs. non-living nature. I then turn to two non-Marxist
scholars, Marina Fischer-Kowalski and Bruno Latour, before a more detailed
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discussion of the ‘societal nature relations’ whose critique will be a point of departure
for the methodology I present in the next chapter. 	
  

The ‘Production of Nature’ Argument
As discussed earlier in the context of Political Ecology, one of the main
concerns of contemporary social science studies of nature has been problematizing the
dualism with which society and nature are conceived. In this endeavor, the parts of
Marx’s work that emphasize the transformation of nature under capital relations have
often been taken as a point of departure, including Neil Smith’s “production of nature”
argument (2008 (1984); 2007; 2006; 2008a; 1996). The argument has been popular
among Political Ecology scholars, where it has been taken to emphasize the social
character of nature. Less frequently, it has it has also been used as an analytical
category in historical or empirical research (cf. Swyngedouw, 1999). Smith’s central
motivation is to counter the “essential dualism that dominates the conception of nature”
(2008 (1984): 11; 1996: 50) as separate from society. For centuries, he contends, this
has been the basis of various ideologies of nature through which specific societal
relations are framed as objective natural processes, leading to a problematic
naturalizing of racism, sexism, or poverty, for example. To overcome these ideologies,
Smith argues that it is necessary to embrace a view of nature “which leaves open the
development of the relationship between nature and society and which takes into
account the actions of people” (Grünewald, 2010: 5). To this end, Smith and other
scholars, such as Noel Castree and David Harvey see in the ‘production of nature’
concept a radicalization of Marx’s mediation between nature and society.
According to Castree, Smith “suggests that capitalism does more than merely
‘interact with’, ‘appropriate’ or even ‘articulate with’ nature” becoming “internal to the
economic system” (Castree, 2000: 26, emphasis in original). His central argument is
that within capitalist relations, nature is not only externally transformed but is internally
“produced” as part of a “second nature”, (cf. Smith, 1984: 77ff.). For Smith, “second
nature” is a general process of capitalist socialization transforming a nature that was
previously ‘non-human’ into something produced by human labor, such that even the
‘first nature’ of “pristine, edenic nature of physical and biotic processes” is now

25

“produced from within and as part of second nature” (1996: 49f).10 “No part of the
earth’s surface, the atmosphere, the oceans, the geological substratum, or the biological
superstratum are immune from transformation by capital. In the form of a price tag,
every use-value is delivered an invitation to the labor process, and capital—by its
nature the quintessential socialite—is driven to make good on every invitation” (Smith,
2008 (1984): 79). Likewise David Harvey:
The long-term environmental changes wrought by human
action throughout the whole of our history have been
enormous. The changes wrought under capitalism have been
even more so. What was given us by nature has long been
superseded by what has been humanly constructed.
Capitalism’s geography is increasingly self-produced
(Harvey, 2010: 143f.).
Smith’s argument is based on a reading of Marx according to which the latter
overcame the artificial separation of nature and society. Smith therefore praises Marx’s
“brilliant observation” (2008 (1984): 77; cf. also 2006: 7f.) that “… this history that
preceded human history is not the nature in which Feuerbach lives, not the nature
which no longer exists today perhaps with the exception of a few coral islands in
Australia that are of recent origin” (MEW 3: 44 (1845)). When compared with the
differentiated observations presented above as to how Marx conceived of nature and its
materiality, this passage does not seem one of Marx’s most ‘brilliant’ observations, in
the sense that it suggests, as does Smith’s notion of the production of nature, that the
latter could be treated as an entity rather than as a multiplicity of dimensions.11 Nature
is ‘socialized’ in an either/or fashion: Once the coral reefs have been discovered it is
implied that they will instantaneously become part of the rest of the nature that is
already being ‘produced’. Against Smith’s claim that this is an argument for
overcoming the dualism of nature society, one can also argue the opposite.

10

The use of the “second nature” by the Frankfurt School is different and more precise than Smith’s,
capturing a general tendency to abstract from the material qualities of nature and to see socialized nature
as reified, as something ‘natural’ or unchanging, when in fact it has been transformed (see below).
11
In treating nature as an entity rather than as dimensions I am thinking of the way we conceive of
society not as a monolithic block but as consisting of many dimensions, that is, societal relations,
processes etc. Smith’s production arguments frequently give this sense in which the development of
capitalism would be accompanied by a greater encroachment upon nature as if an entity. For example, he
argues that at the turn of the 21st century there is an increase in the “extent to which advanced capitalist
societies have intruded human activity at the center of nature” (1996: 50). Often an example of this is for
Smith the new biotechnologies (cf. 2006: 6ff.). I come back to this issue in Chapter 5.
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Smith’s criticism of a duality of nature also targets the ‘domination of nature’
argument developed especially by the theorists of the Frankfurt School. According to
Smith, the Frankfurt School’s central notion of the ‘domination of nature’
(Naturbeherrschung) maintains the society/nature dualism that he sees as so
problematic and which he saw as already being ‘overcome’ by Marx. It is true that in
comparison to ‘domination of nature’ the notion of ‘production’, suggesting a process,
does invoke a sense of mediation rather than a stark duality between nature and society
(Wissen, 2008: 79). But on the other hand this mediation through human labor (Smith:
1996: 49) is seen as resulting in something wholly social, even when Smith explicitly
underlines the “power and existence of ‘natural’ processes” (2006: 8). While he insists
that the production of nature is a “systemic condition in capitalist societies” (2008: 874)
his notion of ‘production’ seeks to leave “radically open if and how a societal
production of nature may have unintentional or even counter-productive consequences
for nature” (ibid.: 875). According to Castree, this openness suggests “a perspective on
nature-capitalism relations in which causality and agency is complex, relative and
contingent. In short is difficult to generalize about” (2000: 30).

But with the

‘production of nature’ not only is it difficult to generalize about nature, it is also
difficult to use the concept to grasp any specificity about nature.12
If, as Smith often emphasizes, this so-called contingency invoked by the notion
of a produced nature is taken as an antidote against particular ‘naturalisms’ in the sense
of nature determinisms; or in the sense in which only nature processes can be taken as
real or valid—such as in the context of rendering visible sexist or racist strategies, for
example—his point is well taken: As Smith proposes, “the production of nature
argument expresses the historical production of ideological discourses within changes
in societal practices” (Smith, 2008a: 875). Yet countering a racist or sexist ideology
founded upon one type of naturalism need not mean that all ‘naturalisms’, i.e., that all
realities of nature also merit to be defeated. This is an important point in the context of
this dissertation that is motivated to define a materiality of nature, and in that sense, a
12

Without espousing the ‘production of nature’ argument, there are many other interpretations of nature
that follow a similar logic. For example according to biologist Werner Nachtigall and historian Charlotte
Schönbeck, “the reproducibility of nature only became possible in our century [20th century]. It is […] the
second and defining step towards breaking with the classical concept of nature. The reproducibility of
nature means the end of a concept of nature whose characteristic structure stood in opposition to the
human realm. Nature is no longer that which is only made up of itself, nature is in principle also creatable
and producible. In this moment nature is no longer a role model or a limit to human action, she is no
longer a benchmark for [our] orientation” (Nachtigall and Schönbeck, 1994: 3).
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type of ‘naturalism’. As Wolf has argued in a different context, there are various
naturalisms to be distinguished among, not all of which should be seen as negative (cf.
Wolf, 2008). Wolf identifies at least four different concepts of naturalisms, of which he
defends the first two and argues for a precise distinction among social scientists who
define ‘naturalism’ tout court as something negative:

(1) Naturalism as realist materialism which argues that a material
reality of nature processes also exists without humans; (2)
naturalism as an argument about the precedence of a natura
naturans as an independent context which sets in motion
processes that impact on the foundation of life of human
societies and which can seriously transform them; (3) naturalism
as a nature determinism in which only natural factors are seen as
effective [wirkungsmächtig], whose effect moreover is
understood as determinant (4) naturalism as a nature
reductionism, through which individual nature processes are the
only ones taken as real (Wolf, 2008: 867).
In particular, for the context of this dissertation, these first two forms of ‘naturalism’
are in fact very important, conceived, as one of Smith’s critics has put it, as the “noncommodified [and non-produced] substrate of life which regulates the process through
which soils are regenerated, aquifers replenished, plant diversity is maintained, insects
and their predators are nourished and cliffs are protected from erosion” (Wallis, 2008a:
881). Although Smith and Castree each insist that “produced nature…. has a materiality
that cannot be ignored” (Castree, 2000: 29) the way in which the duality of nature finds
resolution through the concept of production is problematic because, de facto, it
amounts to an abstraction of this very materiality. According to Castree, “the point is
that… the ‘limits’ of a particular environment in a particular period can only be defined
relative to the specific political economic arrangements it is part of” (Castree, 2000:
34). In other words, the materiality of nature remains socially defined. (For other
criticisms of the ‘production of nature’ argument, cf. Wissen, 2008: 79f.; Dietz and
Wissen, 2009: 364f; Wallis, 2008b).

Materiality Defined as ‘Limits’
In contrast to the proponents of the ‘production of nature’ argument, another
current of contemporary scholars has interpreted Marx’s approach as making a clear
28

distinction, rather than a dissolution between social and natural materialities. For this
group of scholars, the problem is not to find ways of breaking a dualism between
society and nature. On the contrary, they have been preoccupied with the demarcation
of limits—a central concept for this group of ‘Eco-Marxist’ authors (cf. Dietz and
Wissen, 2009). ‘Eco-Marxism’ refers to a group of scholars who have sought to
reconstruct Marx’s writings on nature using the central concepts of the critique of
political economy to analyze the ecological destructiveness of capitalism, usually from
a macro-level perspective (Dietz and Wissen, 2009: 352; cf. also Castree, 2000: 18).
Following the metaphor of the elephant and the blind man, if the ‘production of nature’
argument was found near the elephant’s rear knees, Eco-Marxist arguments would be
located somewhere near the animal’s trunk: For example, Ted Benton even argued that
the political context of Marx’s time encouraged him to “reject as necessarily
conservative [the] ‘natural limits’ arguments” made by contemporaries such as Malthus
(Benton, 1989: 74), proposing that Marx and Engels would have otherwise seen limits
not only as “internally generated” (ibid.), that is, generated through social dynamics,
but also by stronger ‘outer’ limits. Benton’s goes on to argue that despite Marx’s
recognition of a double character of labor, he paid too much attention to the abstract,
value-creating process, “at the expense of any full recognition of [labor processes’]
dependence upon and limitation by other non-productive labor processes, by relatively
or absolutely non-manipulable contextual conditions and by naturally mediated
unintended consequences” (ibid., emphasis added).
For Eco-Marxist scholars (e.g. Benton, 1989; O’Connor, 1988; Moore, 2008;
2010) the notion that nature imposes certain limits to capital has been central, and it is
chiefly through this concept of limits that these scholars have invoked a qualitative
difference between social relations and natural processes. ‘Limits’ designates primarily
that nature, in a very general sense, creates constraints to a crisis-free reproduction of
capital. The focus is on the (social) consequences of the material limits, but less
attention is given to particular qualities of nature that constitute the limiting factor. In
other words, the focus is generally on the reproduction of capital and not on the
material qualities of nature. For example, in a classic contribution, James O’Connor
(1988) emphasizes the impairment of capitalist relations as a result of what he calls a
‘second contradiction’. While the ‘first contradiction’ is the result of crises of overproduction (excess capital, labor and commodities), O’Connor identifies a second

29

contradiction as a consequence of ‘under-production.’ Under-production refers to a
limit imposed by nature on capital, since the capital relation is itself unable to produce
the ‘conditions of production’ such as water, fertile soil, a diversity of living species,
etc., but the limit is defined not only materially but also in its social dimensions.
“Limits to growth” therefore appear as “high-cost labor power, resources, infrastructure
and [urban] space” (O’Connor, 1989, cited in Dietz and Wissen, 2009: 356).
O’Connor’s approach does not grasp any qualitative specificities of nature, however, as
underlined by the fact that fertile soil is in the same category as ‘urban space’.
Ted Benton’s analysis (1989: 76ff.) is more differentiated, granting special
attention to the materiality of agriculture, labor and material processes, which he
contends Marx ignored. Benton notes that new ‘biotechnologies’ might be re-shaping
‘organic processes’. Yet his focus on the productive process detracts his attention from
these nature processes, focusing on how the transformations in the plants are
“accompanied by countervailing ‘costs’” i.e., obstacles to capital in the form of plants
with “lower resistance to disease” (68). Although these are the very tensions that make
the transformation of material nature both productive and restrictive and would merit a
more differentiated analysis, Benton does not follow this. His point is that Marx
exaggerated the “potentially transformative character” of labor processes, while “undertheorizing the various respects in which they, [i.e., the social processes] are subject to
naturally given and/or relatively non-manipulable conditions and limits” (73, emphasis
added).
Using somewhat different terminology, but still departing from a notion of
‘limits’, there have been other approaches that have come closer to defining specific
material qualities of nature, particularly in the context of research on agriculture. While
these scholars are not as explicitly engaged with Marxist theory as the Eco-Marxists
just discussed, their work is part of the Marxian tradition by way of the legacy of the
‘Agrarian Question.’ As debated by Kautsky and Lenin at the turn of the 20th century,
the Agrarian Question asked why agricultural production develops at a different pace
than industry and why capitalist production coexists with non-capitalist modes of
production. It therefore deals with the ‘status of agriculture’ within the development of
capitalist relations, asking whether the persistence of small-scale agricultural
production at the turn of the century could be understood as a limit or an obstacle to the
expansion of capitalist production and the process of proletarianization. Almost eight
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decades later, this same question was again taken up by scholars in the United States
working within the tradition of the ‘New Rural Sociology’ (Newby, 1983; 1985).
Contrasting with the original Agrarian Question’s emphasis on rural society
more generally, the focus of Rural Sociology was squarely on agriculture from a
‘political economy of agriculture’ perspective. The authors involved (cf. Mann and
Dickinson, 1978; Goodman et al., 1987; Mann, 1990) identified ‘obstacles’ and
‘structural constraints’ (Mann and Dickinson, 1978) to the capitalist restructuring of
agriculture, arguing that agriculture presented a “special case or anomaly… arising
from the singularities of its natural production process” (Goodman, 2001: 185,
emphasis added). Such singularities include differences between ‘production time’ and
‘labor time’; temporal discontinuities between other kinds of production and
agricultural (seasonal) production; the limited duration of the physical quality of
agricultural commodities (their short ‘shelf life’ or perishability), the growth and
gestation time of animals, etc. (Mann and Dickenson, 1987; Goodman et al, 1987; cf.
Kloppenburg, 2004: 29ff; Boyd et al., 2001: 559ff.). As a result of these material
qualities, “capitalist development appears to stop, as it were, at the farm gate” (Mann
and Dickinson, 1978: 467). More concretely than the macro-level Eco-Marxist analysis,
this scholarship identified precise limiting qualities of material nature vis-à-vis social
relations. However, as Goodman has noted, this nature is always framed by the
perspective of labor and by the production process that modifies it. Given his interest in
identifying “the lively materiality of nature” (2001: 183), Goodman therefore criticizes
the separation between nature and society associated with Rural Sociology. He charges
that “agency in these [agriculture-centered] approaches is unidirectional and uniquely
identified with human intentionality and praxis. Human agents act ‘upon’ an external,
objectified […] nature, rather than in social partnership with nature” (Goodman, 2001:
189).
Bringing into focus the materiality of nature was then taken a step further
through a unique contribution by Jack Kloppenburg in his 1988 book, First the Seed.
The Political Economy of Plant Biotechnology. Following earlier work by Berlan and
Lewontin (1986), Kloppenburg showcased the process of seed breeding and
commercialization that transformed farmers’ maize into what are known as ‘hybrids’,
that is seeds that could no longer be reproduced by farmers without loosing the
particular qualities they were bred for (cf. Chapter 4). In a similar vein as the foregoing
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work in the tradition of the ‘political economy of agriculture’ and its focus on limits,
Kloppenburg argues, “hybridization is […] a mechanism for circumventing the
biological barrier that the seed had presented to the penetration of plant breeding and
seed production” (1988: 93, emphasis added). But in contrast to the scholars just
discussed, Kloppenburg does not portray the materiality of agricultural nature as a fixed
or absolute ‘obstacle’. Without making nature’s materiality an explicit focus, parts of
Kloppenburg’s study nevertheless show various aspects of how the process of seed
breeding transformed the way that maize plants were reproduced, and how this affected
many social processes, in particular the industrialization of agriculture in the United
States in the mid-20th century. Although he identifies a ‘biological barrier’,
Kloppenburg also analyzes its qualities, showing in this case a highly malleable
materiality of nature. In his analysis we see much more clearly how specific qualities of
the maize plant pose advantages and/or disadvantages vis-à-vis other crops from the
point of view of the goal of commodifying the seed.
Although Kloppenburg’s attention is directed at the process of valorization and
especially the institutional context in the United States rather than the transformation of
the materiality of maize, he goes further than other studies in this political economy
tradition in specifying just what aspects of seed materiality, i.e., what about the seed
reproduction, allowed maize to become a commodity. At the same time, his study does
not seek more general concepts for analyzing the materiality of seeds/nature that he
studies. In the tradition of rural sociology and the social sciences more generally, his
focus is instead on the political conflicts and institutional processes that accompanied
the industrialization of the seed. While providing a first point of inspiration for the
processes that I study in this dissertation, Kloppenburg’s study is largely an account of
the social struggles and the creation of institutions— the division between public and
private research, the rise of the seed industry and seed legislation, among others.13

13

In the 25 years since Kloppenburg’s book was written more attention has been paid to the materiality of
nature in the social sciences, partly stemming from the same tradition, but also from new work that
approaches the nature-society relationship from other angles, including Actor Network Theory (discussed
below); Technology Studies (cf. Russell, 2004); or Environmental History (cf. Horowitz, 2004;
Theunissen, 2008). New fields have also been created, such as those that study animal subjectivities in
order to “unpack the ‘black box’ of Nature to enliven understandings of the world” (cf. Emel et al., 2002:
408). It would be impossible to cover all of this literature here and I see this work as less important in
framing my own approach. On the one hand, work in the field of history is very rich in detail (cf.
Theunissen, 2008; Bonneuil, 2006; Bonneuil and Thomas, 2009) but is less helpful in conceptualizing a
materiality of nature. On the other hand, much of this literature is not helpful given its analysis is
frequently based upon metaphors that are difficult to make into stronger analytical categories. An
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Research by Boyd, Shurman and Prudham (Boyd et al., 2001; Prudham, 2003)
continued largely in the tradition of ‘limits’ but in contrast to earlier approaches, these
scholars identify a difference in the materiality of living versus non-living nature,
rightly noting that “though this distinction may seem obvious, it is one that has been
minimized by the social science literature” (561).14 These authors focus on what they
call “extractive and cultivation-based” production (Boyd et al., 2001), arguing that these
represent “two fundamental logics of production within nature-based industries” (556).
The key distinction for them is that “biological production” can be “consciously
manipulated (up to a certain point), whereas geological production is for all intents and
purposes beyond the scope of human control” (561). In general, their approach shows
an interest in identifying general patterns and finding analytical categories to describe
the specificity of each of living materiality. Despite the metaphoric character of the
terms they use, the authors clearly convey that living nature has a materiality that is
qualitatively different, concluding that a characteristic of living nature is that within
‘biological systems’ “capital circulates through nature […] as opposed to around it”
(565). Their paradigmatic illustration for this difference is the transition from extraction
to cultivation within the forestry industry, where instead of increasing production by
logging more trees, it is possible to optimize tree growth through the use of “chemical
fertilizers and pesticides, intensive nursery operations for seedling cultivation, and
mechanical planting of forest trees” as well as tree breeding (ibid., 556).
Another interesting aspect of Boyd et al.’s work is that they identify not only
how nature presents industry with “obstacles”, but also with what they refer to as
“opportunity and surprise” (Boyd et al., 2001: 560), i.e., the possibility of going beyond
the limits of nature. Given that they explicitly distinguish between living and non-living
nature, they note that living nature is clearly related to a change in industrial
example of this is Russell’s suggestion to use ‘factories’ as a concept to designate industrialized plants
and animals (Russell, 2004: 8ff.) or to “think of biotechnologies as workers”. While he is getting at an
interesting point, which is of how the materiality of animals is inserted into production processes, his
particular approach on the basis of lively imagery is weak in the sense that it cannot be easily reconnected
to social theory.
14
‘Materiality’ is not a term used by Boyd et al. as a general category. In their study they refer to the
“materials” used by industry or the “physical properties of a resource” (558). Realizing they are dealing
with a topic in which the social sciences would seem to have no authority (i.e., living organisms), Boyd et
al. turn to evolutionary biologist Ernst Mayr, who championed the ‘systemic theory of evolution’ that
sought to bring genetics into close analysis with Darwinian evolutionary concepts. The extent to which
the authority of the natural sciences is sought out by social scientists interested in investigating material
dimensions of nature is an important question to which I will return throughout this and the following
chapter.
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productivity—in their formulation, in the sense that capital can “circulate through”
nature as opposed to only ‘around’ it (565)— such that “biophysical systems… can
actually be made to operate as productive forces in and of themselves” (557). This is of
interest in the context of the dissertation and I will make a similar argument regarding
the materiality of nature as a productive force. At the same time, my analysis will go
beyond Boyd et al. by using the notion of productive forces independently of the
valorization process, focusing on production as the practice of material transformation
with nature.
	
  
Do	
  the	
  Natural	
  Sciences	
  describe	
  Nature’s	
  Materiality?	
  
In this section I briefly discuss the work of two scholars who have found novel
concepts for conveying material qualities of nature by turning to the natural sciences.
Elmar Altvater and Marina Fischer-Kowalski each depart from different theoretical
positions and address the problem in different ways—the former by incorporating
conceptual tools from thermodynamics to Marxist Political Economy, the latter by
incorporating Systems Theory as part of an interdisciplinary approach with the natural
sciences. I take these two examples as points of reference in my own methodology and
research design in which I also address the question of the appropriate role of the
natural sciences (cf. Chapter 2).
In the foregoing account of Eco-Marxism’s approach to nature, I noted that this
approach had largely touched on qualities of nature only indirectly, by way of the
‘limits’ that nature presented for societal processes. An exception to this is the work of
Elmar Altvater. In his work on ecological problems as part of capitalist reproduction,
Altvater focuses more closely on the role of use values (such as practical labor and
natural resources), noting that their specific qualities are often ignored as part of the
valorization process requiring their material qualities but also abstracting from their
particularities in the production of exchange value (Altvater, 2006: 346ff.). But Altvater
goes further than others in explicitly searching for more precise categories to capture
the materiality of nature, a step that leads him beyond social theory (cf. Altvater, 1991:
Chapter 5). His proposal is to focus on energy loss and gain as captured through the
concept of ‘entropy’ in the field of thermodynamics. The argument is that materially,
production processes transform not only substances but also energy, and therefore that
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energy loss and gain can be a way to express the use-value dimension of production.15
Altvater approaches the concepts of thermodynamics as expressing regularities of
nature as part of social processes: “economic processes, that is, the extraction of
resources, their processing within production and consumption, the exchange and
distribution of commodities and services and money cannot even be conceived of
without the transformation of energy and substances [Materie], that is, without the
change of the inner and outer nature of humans […] The laws of thermodynamics are
thus valid in the economy” (Altvater, 1991: 93). The production of use-values are “to
be seen as an element of metabolism, a process through which entropy increases”
(1991: 635).
From the perspective of the dissertation, Altvater’s work is interesting, also
recognizing that specific qualities of nature need further specification, finding
categories to highlight these, and bringing them back into dialogue with social
processes. At the same time, given its particular terminology and in its emphasis on
energy flows, it is difficult to link thermodynamic categories back to social theory in a
stronger sense. Although Altvater’s work has been seen critically for bringing Marxist
value theory and thermodynamics together in the sense of forcing their compatibility or
even placing the categories of thermodynamics as laws that would somehow lie beyond
the social sphere (cf. Martínez-Alier, 1987: 72ff), some of these same critics have later
claimed that it is in fact possible to “think of capital accumulation based on the
exploitation of labor […] and at the same time maintain that capital accumulation can
be described in a physical language that is non-equivalent” to the process or theory of
capital accumulation (Martínez-Alier, 2003: 18, emphasis added). This raises the
question as to whether categories of the natural sciences are taken as a heuristic
compliment to social analysis, rendering visible certain aspects of material nature in
connection with problems such as climate change, transportation, food production, and
so on; or whether the concepts are brought together more formally. As I discuss in the
following chapter, this is a major point that I address in my approach by working with
spatial and temporal categories that are already part of social science theory, but are

15

Attempts to bring together theories of energy with Marxist value theories date as far back as
contemporaries of Marx such as Sergei Podolinsky, a Ukranian physician who corresponded with Marx
regarding the connections between production availability of energy. Other non-Marxist attempts at
combining thermodynamics with ‘ecological economics’ include also the work of Georgescu-Roegens
(cf. Burkett and Foster, 2006; Martínez-Alier, 1987).
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also abstract enough to incorporate some of the insights provided by the natural
sciences and to develop new ones.
The work of Marina Fischer-Kowalski is an example of scholarship that has
sought an interdisciplinary approach to address these questions, but that I see as
problematic in the sense that conceptual authority in defining nature is handed over to
the natural sciences. The approach developed by Fischer-Kowalski and fellow
researchers at the Austrian Institute for Social Ecology has been characterized by
working with the central concept of ‘societal metabolism’, a term originally used by
Marx. They modify the term strongly to reflect the transformation of raw materials and
energy (analogously to an organism), viewed systemically at the scale of a society.16
Fischer-Kowalski and colleagues bring together two broad systems theories to
analyze each, “human society” and the “material world” (Fischer-Kowalski et al., 2011:
100). For the former, they invoke Luhmann’s concept of social institutions as
communications systems, and for the latter, they engage with diverse “approaches [in
the natural sciences] such as human biology” (ibid., 99). An advantage to this
pragmatic approach is that with it, scholars from both sides of the ‘great divide’ come
together to carry out research as part of a “clear and empirically feasible research
program” (Fischer-Kowalski et al., 2011: 101). For example, one of Fischer-Kowalski’s
projects has been to define “metabolic regimes” to understand how population growth,
production, national economies and resource-use might correlate, from a comparative
perspective (Fischer-Kowalski et al., 2011: 102ff).
But a problem with this approach is that she grants the natural sciences full
authority to define nature’s materiality, as well as to interpret it, assuming that
“phenomena within the natural causal context (Wirkungszusammenhang)… obey rules
as described by the natural sciences” (Fischer-Kowalski et al., 2011: 100f., emphasis
16

Marx’s term, ‘societal metabolism’ (gesellschaftlicher Stoffwechsel) reflects the concerns of 19th
century natural scientists such as physiologist Jacob Moleschott and chemist Justus Liebig’s work on the
carbon cycle and plant nutrients (cf. Foster, 1999; Martínez-Alier, 2003; Schmidt, 1962: 72ff). Marx had
turned to the work of these contemporaries to illustrate a process of material exchange ‘between society
and nature’ and to emphasize the transformative interaction of this process. For example, in analyzing the
development of large-scale agriculture and the development of ground rent, Marx underlined the
intensification of soil use, as results from increasing distances between the locations of production and
consumption. This distance, he notes, is one element creating an “irreparable rift” in the cycling of
production waste as organic matter back into the soil. Current scholars have recently taken this notion of a
‘rift’ and expanded it beyond agriculture. One example is Foster’s work (1999; 2000; 2006) which
identifies ‘metabolic rifts’ at other scales and in other realms of nature, including ‘planetary’ or global
rifts to analyze the cause of transformations in nature’s materiality such as climate change (Foster, 2012).
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added)—i.e., assuming that the natural sciences are a universally objective way of
understanding the structure of natural processes. Meanwhile, the phenomena in the
“cultural causal context obey other regularities, such as those of grammar” (ibid.:
101).17 While Fischer-Kowalski claims to overcome a dichotomy through the fact that
elements can be both ‘natural’ and ‘cultural’, there is no way to access material nature
conceptually with the basic structuring relations in social analysis. Moreover, her
approach does not take into account that scientific descriptions, in particular in the field
of biology, are descriptions of nature that are constantly evolving theories, whose
assumptions—as the histories of genetics and molecular genetics in the following
chapters show—are being constantly modified and contested within many subfields of
biology.
Another issue with the approach just presented is that any descriptions of
material nature by the natural sciences deserve caution when we consider that they
provide not only descriptions but also proscriptive tools at the forefront of the
transformation of nature, an issue that is especially relevant for the biological sciences.
This does not mean that working with the natural sciences ought to be avoided, but that
it must also involve either a common conceptualization of the materiality being
captured; or should be brought in as a heuristic supplementary perspective, defining the
limits to the validity of claims that are made. The risk of taking the natural sciences as
an uncritical benchmark is present in Fischer-Kowalski who urges sociology to “leave
its ‘cocoon’ and take nature(al sciences) seriously [die Natur(Wissenschaften) ernst
nehmen]” (Fischer-Kowalski et al., 2011: 117, emphasis added). This again suggests
that for the Austrian researchers, nature and descriptions of nature are identical.18
Moreover, even from her perspective, assuming the materiality of nature has been
already assessed is problematic in the sense that science the materiality of nature is not
immediately nor ever wholly perceivable to science. While revealing new dimensions
17

Fischer-Kowalski and colleagues develop their work using Systems Theory. At a high level of
abstraction, they contend that society and nature interact according to only two types of “intersystem
interactions”—communication as an exchange of “information” and “transactions” consisting of matterenergy (cf. Walonick, 1993).
18
In an interesting paper, Doreen Massey (1999) addresses a similar problem between human and
physical geographers and their search for authority from the field of physics (ibid., 263ff.). In this paper
she discusses work by two physical geographers who use concepts from the field of physics. But unlike
Fischer-Kowalski, their use of physics is selective and the authors define the limits of the conditions in
which the concepts borrowed from physics apply and where they do not, opening up a terrain that Massey
sees as fruitful for interdisciplinary work between both fields of geography and between the natural and
social sciences.
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of nature has indeed been a major merit of the natural sciences (inasmuch as we are
now aware of the existence of bacteria, black holes, magnetic fields, DNA molecules,
invisible wavelengths of light, etc., not otherwise available to human sensory
experience), we cannot assume that we can grasp them by simply leaving our ‘cocoon’
and taking the natural sciences ‘seriously’.
Fischer-Kowalski’s work raises other signs of caution in how to approach the
materiality of nature given her central methodological approach based on summarizing
the qualities of nature’s materiality into quantifiable measurements of materials and
energy. While this may be appropriate in her study of energy consumption in cities, this
is not a proposition that can be generalized for the study of other dimensions of nature,
particularly living nature. Based on this method, Fischer-Kolwalski et al. argue that
increases in productivity that allow a more efficient use of labor, materials and energy,
produce goods of the same “quality and quantity” (113). Yet, consider the production
of pharmaceuticals harvested in plants as a result of molecular engineering. This
example would meet Fischer-Kowalski’s proposition for greatly increasing labor
productivity; and it may be accompanied by reductions in material and energy over
time. But this can only be said if we consider materials and energy in a very restricted
manner. We thereby would largely ignore other qualitative transformations to the
materiality of living organisms, such as changes in the toxicity of a plant associated
with transformations to the materiality of plants at this scale (cf. Chapter 5).
Finally, Fischer-Kowalski’s approach to conceptualizing the interaction between
society and nature highlights a problem that was less explicit but also present in various
other approaches reviewed so far, including Political Ecology, the Production of Nature
and the Eco-Marxist approach: To present their “epistemological model of societynature interactions” Fischer-Kowalski et al. include a figure consisting of two
overlapping circles that represent the realms “material world” and “human society”
(100). The societal and the natural ‘realms’ overlap in the fashion of a Venn’s diagram,
indicating the object of research—a “connection between the system of self-referential
communication [i.e., Luhmann’s model of society] and the natural reality” that can “act
upon the natural reality both in terms of energy and materials” (ibid.). Borrowing the
term from the work of Latour (see below), they suggest that in the overlapping area,
both realms are connected through “hybrid beings”. Hybrid beings include people, who
embody “a culturally marked conscience and a body with underlying natural
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regularities [i.e., living processes]” (2011: 100). Moreover, there are other hybrids that
satisfy the requirement of being able to communicate and are also capable of
functioning energetically and materially, including domestic animals, computers and
“in general artifacts of all kinds” (2011: 100).
The problem with this conceptualization is that the overlapping “realm” in
which nature and society interact is conceptualized as lying within spatially-bounded
entities: Human ‘populations’, cats, dogs and computers, which satisfy FischerKowalski’s requirements of self-referential communication and the metabolism of
energy and materials. According to this schema, plants, the central focus of the
dissertation would meet the metabolism requirement, but not the requirement for selfreferential communication. In other words, they would not count as ‘realms’ where the
“biophysical structures of societies […] interact immediately with natural systems [...],
that have an effect on it, and are affected by it.” (2011:101). As the study in the
following chapters suggests, the structuration of society and nature cannot be
conceptualized as the interaction between clearly-bounded entities, whether we refer to
these as hybrids or any other term. Within a bounded entity that either categorically fits
or does not fit the requirement for communication, there is no way to discern, either
historically, or qualitatively, the material differences between wild boars and farm pigs;
or between desktop computers and one-celled ‘biocomputers’ (consisting of a living
cell able to ‘perform’ arithmetic functions, cf. Ausländer et al., 2012); and, if plants
could fulfill the requirement of social self-referential communication, between peasant
seeds and ‘genetically-modified’ ones.

The	
  Political	
  Ecology	
  of	
  Actor-‐Networks	
  
The Political Ecology of Actor Network Theory (ANT) is an interesting
alternative to dominant conceptions of nature and society as an overlapping space of
separately constituted realms. Despite having the same name, it belongs to a different
tradition from the Political Ecology discussed earlier. As developed by Bruno Latour,
this approach to the study of nature could be summarized as pursuing two central goals:
The first is to dissolve the notion of separate and opposing realms of nature and society,
and beyond that, to question ‘nature’ and ‘society’ as meaningful categories altogether.
The second is to strive for a process that would enable the participation of human and
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non-human ‘entities’ in the reconstruction of a more democratic ‘ecology’ (cf. Latour,
2004a; Peuker, 2011; Wainwright, 2005; Gransee, 2003). As these goals suggest,
Latour’s project of Political Ecology is to be understood as a radical questioning of
some of the most widely shared premises in social science, and also as a political
project. According to Latour, a central quality of our problematic ‘modernity’—a
period he traces as far back as the origins of Western philosophy— has been to insist on
artificially separating reality into the dual categories of ‘nature’ and ‘society’. Such a
division has been especially important in the foundation of politics and political power:
Never, since the Greeks’ earliest discussions on the excellence of
public life, have people spoken about politics without speaking
of nature; or rather, never has anyone appealed to nature except
to teach a political lesson. Not a single line has been written—at
least in the Western tradition—in which the terms ‘nature’,
‘natural order’, ‘natural law’, ‘natural right’, ‘inflexible
causality’, or ‘imprescriptible laws’ have not been followed […]
by an affirmation concerning the way to reform public life.
(Latour, 2004a: 28).
[By contrast, and as a] disappoint[ment] to those who imagine
that other cultures will have a ‘richer’ vision of nature than our
own… […] Non-Western cultures have never been interested in
nature; they have never adopted it as a category, they have never
found a use for it (ibid., 42; 43).
For Latour, ‘nature’ is an ideological obstacle for Western modernity in that it does not
allow the perception that all phenomena are at the same time ‘social, material and
discursive’ (cf. Latour, 1993; Peuker, 2011: 156). In this sense, Latour’s Political
Ecology is less about nature than about a new “reassembling” of the social; it is
therefore not primarily a perspective for analyzing ‘nature’ as discussed thus far (nor
does it offer any criteria for distinguishing among living and non-living nature). It is
rather a project for questioning a concept of nature as something external to society.
Actor-Network Theory and Latour’s Political Ecology are interesting in the
context of the dissertation in that they suggest a way of conceptualizing what ANT
refers to as ‘human’ and ‘non-human’ entities in a manner that pays attention to the
particularity of the non-human object and its own materiality, perception or even
subjectivity.
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We possess hundreds of myths describing the way subjects (or
the collective, or intersubjectivity, or the epistemes) construct the
object (…). Yet we have nothing that recounts the other aspect of
the story: how objects construct the subject (Latour, 1993: 82).
Yes, the scientific facts are indeed constructed, but they cannot
be reduced to the social dimension […] The ozone hole is too
social and too narrated to be truly natural; the strategy of
industrial firms and heads of state is too full of chemical
reactions to be reduced to power and interest… (Latour, 1993:6)
To create knowledge about nature-society, ANT mobilizes new categories to describe
the inter-wovenness of what is otherwise known as society and nature. This includes
‘actants’; ‘quasi-objects’, and ‘hybrids’ that together constitute a ‘network’ or
‘collective’. The collective is itself called into being by the researcher in order to bring
into relief both human and non-human entities, including non-living entities according
to a principle of ‘symmetry’. The concept of symmetry is understood both as a political
proposition for democratizing human relations with non-humans, and in this sense with
‘nature’, but also as a methodological proposition in the study of such non-human
materiality (Wainwright, 2005: 116f.; Rudy and Gareau, 2005: 88).
Latour’s attempt at a more ‘symmetrical’ relationship between what he calls
‘humans and non-humans’ is interesting in the context of the foregoing discussion
regarding how to grapple with the distinct materialities otherwise understood as nature
and society. Latour argues that we must critically reconsider the relationship between
subject and object or otherwise face a choice “between two catastrophic solutions […]
naturalization on the one hand, [and] socialization on the other” (Latour, 2004a: 73). In
other words, without radicalizing the relationship between subject and object, according
to Latour, we should not be surprised to be faced with either an objectifying stance for
which science “remains a mirror of the world, to the extent that one can almost always
[…] take the terms ‘nature’ and ‘science’ to be synonyms” (Latour, 2004a: 4); and a
position such as Neil Smith’s, claiming that our job as scientists is to “show the
concrete relationship by which nature is invested with this social priority” (Smith, 2008
(1984): 47).
Latour’s problematizing of the nature/science and object/research relationship
goes back to the origins of Actor-Network Theory in the late 1970s and 1980s and the
critical ethnographies of natural scientists and engineers “in order to assess the means
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by which they enroll technological objects, natural processes, biological entities and
other human actors in their [research] projects” (Rudy and Gareau, 2005: 88). Latour
tries to avoid the ‘catastrophic’ hodgepodge of total socialization or naturalization
through his terminology of ‘nature-cultures’ (Latour, 2004a: 45) and “risky
attachments” (22) that he contends, are always subject to being transformed or to
changing ‘positions’ vis-à-vis the others in the collective. Moreover, within the natureculture collective, the materiality of nature is supposed to retain a logic of its own, but
one that is not independent of the entire set of relations in the collective, of which all
entities form a part.
The Actor-Network approach to nature is interesting and has been positively
received by many researchers, including scholars of the older, aforementioned Political
Ecology, especially geographers (Rudy and Gareau, 2005: 87), some of whom have
seen ANT as “the brightest star in geography’s green left firmament” (Castree, 2002:
116). They have seen ANT as a potentially viable “attempt to mediate between Critical
Theory [and its concept of a ‘domination of nature’, i.e., an allegedly rigid
objectification of nature] and Smith’s ‘production of nature’ argument” (Wissen, 2008:
80). At the same time, in the context of concrete research projects, it would seem that
much of this enthusiasm has been based on taking Latour’s propositions heuristically,
that is, as “propositions intended to guide thinking and research about human-nature
relations” (Castree, 2002: 117); or “to take into account the whole range of human and
non-human interacting entities [in ways] that may turn out to shape the activities or
events under study” (cf. Gubert, 2007: 603).
Yet, if taken more ‘rigidly’ as a methodological foundation they become more
problematic. Latourian Political Ecology has been criticized as failing to show how its
theoretical premises could be transposed into a viable research methodology (cf.
Peuker, 2011; Wainwright, 2005; Gransee, 2003). This includes the difficulties
associated with differentiating between the methodological constructs of networks
constituted for the purpose of research, and a description of the network as the reality
itself (cf. Collins and Yearly, 1992: 317ff., cited in Peuker, 2011 167; cf. also Peuker,
2011: 159ff.). The latter is a serious issue because it again tends to obscure the subjectobject relationship that Latour so strongly criticizes, despite his very precise
instructions to the researcher aimed at avoiding this.
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According to Latour, the collective of human and non-human entities to be
studied is to be defined by the researcher in such a way that “reality grows to precisely
the same extent as the work done to become sensitive to differences [within the ‘field
of investigation]” (Latour, 2004a: 85). A typical example of such a “collective” is one
that is constituted by a scientific controversy, such as that of climate change, whose
actants might include “a river, a troop of elephants, a climate, [the tropical storm
known as] el Niño, a mayor, a town, a park” (Latour, 2004: 83). If in earlier ActorNetwork analyses the methodology would be that of ‘following the actors’, in Latour’s
more recent Political Ecology it is important to ‘let the collective speak’:
Within the collective there is now a blend of entities, voices and
actors, such that it would have been impossible to deal with it
either through ecology alone or through politics alone. The first
would have naturalized all the entities: the second would have
socialized them all. […] …we have discovered the work
common to politics and the sciences alike: stirring the entities of
the collective together in other to make them articulable and to
make them speak (Latour, 2004a: 89, emphasis in original).
But in this methodology of ‘experimental deliberation’ that draws on Habermas’
communicative rationality theory (cf. Wainwright, 2005: 118f.), trying to figure out
how the elephants and the town mayor are supposed to speak is unclear, especially if
one were actually to attempt to include these actants as part of a research project.
According to Latour, the researcher strives to maintain a role as ‘facilitator’ in allowing
the collective to be represented through four ‘requirements’ that are supposed to allow
the collective to be represented in the network of actants, ‘facts’, ‘values’, effects of
scientific controversies such as that of ‘global warming’ (cf. Latour, 2004b).19
But the complex sets of steps, requirements and considerations that must be
made in order to ‘let the collective speak’, and which are intended to level out the
participation of all actants, do not take the structuring materiality of societal relations as
accepted by the majority of social science—class or gender, for example, into account.
19

A first requirement foresees that “you [the researcher] shall not simplify the number of voices that
participate in the articulation of propositions [a special term among many others coined by Latour to
designate ‘the dynamics of the collective in search of good articulation’ (Latour 2004a: 247f.)] with those
which are already instituted, in such a way as to maintain them all in the same common world that will
give them their legitimate place” (Latour, 2004a: 109); a second requirement proposes that “you shall
make sure that the number of voices that participate in the articulation of propositions is not arbitrarily
short-circuited” (ibid.).
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Peuker notes that this amounts to demanding an analysis of certain relations, but
without defining what makes up these relations (2003: 160). For example, it is difficult
to accept that by following the above ‘requirements,’ researchers can adequately
achieve representing non-human entities, and that these collectives are not, as part of
this attempt at deliberative communication, required to “ask why only certain actors [of
the collective] can speak effectively” and others less effectively (cf. Wainwright, 2005:
119). Moreover, the present constitution of the collective, highlighting its unstable and
contingent features, tends to make the weight of the history of these relations invisible,
however variable they might seem from the snapshot view of the moment of research,
and creating a potentially important distortion. More problematically, Latour’s
methodology is also based on the premise that epistemologies are equivalent with
various ontologies, that is, that relations are produced as part of the investigation of a
particular collective or network and their explanation ‘of the world’ (cf. Latour, 2004a:
12ff; 33ff; Latour, 2005: 117). This seems necessary for Latour to maintain the nondistinction between society and nature. But just how can he claim to say anything
definitive about the network/collective if the distinction between object and
epistemology, or between object and subject and the construction of both is gone? What
is neither captured in the hybrid bounded objects of Fischer-Kowalski nor in the actants
of Latour is a difference between the practical experience with nature and the analytical
dimension.
The	
  ‘Societal	
  Nature	
  Relations’	
  Approach	
  	
  
In the following section I introduce an approach to the study of nature
characterized by defining the relationship between society and nature through the
central concept of ‘societal nature relations’. Because this approach has various
advantages vis-à-vis those presented so far, I take the rest of the chapter to explore it in
greater depth, using parts of it, but also my critique of certain aspects, as a conceptual
‘springboard’ for the original methodology I present in the following chapter. As
developed by the German Regulation School, the ‘Societal Nature Relations’ approach
has developed a more sophisticated understanding of the interrelatedness of nature and
society, going beyond a concept of interacting ‘realms’, alluding to a multiplicity of
relations on many levels. A central advantage of this work is its attention to the
qualities of nature that are different from the social dimension, i.e., a concept of
nature’s unique materiality that is at the same time an adequate answer to the subject-
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object problem just discussed in the context of Latourian Political Ecology. At the same
time, my longer discussion of this approach is for the purpose of illustrating some of
the issues I have raised so far, but now in the context of specific examples relating to
Regulation Scholars Brand and Görg’s empirical studies on the institutions regulating
the appropriation and use of ‘biodiversity’. These include the relationship to the natural
sciences as well as Görg and Brand’s focus on the materiality of nature from the
narrower perspective of political relations, leading to a weaker analysis of nature’s
materiality than would be possible with their approach.
The notion of ‘societal nature relations’ is a central concept for two different
‘schools’ that study nature with roots in the Critical Theory tradition of the Frankfurt
School: the Frankfurt Institute for Social and Ecological Research (ISOE) and the
Regulation Approach as it developed in Germany.20 While at a general level both
approaches share many common theoretical principles, they diverge in ISOE’s
preoccupation with making the concept fruitful for interdisciplinary research to bridge
the social and natural sciences. Given that my approach in this dissertation is not
interdisciplinary, I focus almost exclusively on the term as developed by the Regulation
scholars. ‘Societal nature relations’ describes a fundamental and inseparable mediation
between society and nature that is constituted historically. At the same time, however, it
also posits an essential material difference between society and nature (Brand, 2000:
140). It “allows a reflection upon a differentiation (or demarcation) between nature and
society, but is also capable of creating a connection between language [or symbolic] and
material-physical aspects as part of human intersubjectivity” (Görg 2003b:63). In other
words, ‘societal nature relations’ is meant to reflect a historical constitution of a
difference between ‘nature’ and ‘society’ which can be analytically distinguished on
various dimensions, not in the sense of “homogenous entities but as a mediation
consisting of a process on many levels” (Brand, 2000: 141; cf. also Görg 2003a: 122f;

20

“Societal nature relations” is my translation of the German term, gesellschaftliche Naturverhältnisse.
‘Nature relations’, Naturverhältnisse, is a term found in Marx’s work, and was later reintroduced by the
Horkheimer and Adorno as gesellschaftliches Naturverhältnis (in the singular) (Becker and Jahn, 2003a:
100). The two contemporary schools (ISOE and Regulation Theory) that have worked with this
terminology also have several publications in English in which they have translated the term as “societal
relationships with nature” (e.g., Görg and Brand, 2003; Brand et al, 2008); or as “societal relations to
nature” (Becker and Jahn, 2003b). Like Becker and Jahn, I also translate Verhältnisse as “relations” in the
sense of social relations rather than (interpersonal) relationships. While Becker and Jahn’s translation
better conveys the relational dimension of society and nature, my choice of ‘societal nature relations’
could help further specify among various societal relations (cultural, political, production, etc.), as I
explain in the following chapter.
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Becker and Jahn, 2003: 101). Given the historically different practical and symbolic
ways of relating to nature, Brand and Görg also depart from the existence of a plurality
of different societal nature relations (Becker and Jahn, 2003: 100; Brand and Görg,
2003: 18).
In the context of this dissertation, an important characteristic of ‘societal nature
relations,’ especially in the work of Christoph Görg, is to postulate a ‘negative’
definition of nature as a way of highlighting its unique distinctiveness vis-à-vis the
social. Whereas a positive approach would define nature as characterized by a given set
of qualities (i.e. nature is x, y and z), what is specific to a ‘negative’ approach as
developed by Theodor Adorno (1966) and applied by Görg to the concept of ‘societal
nature relations’, is a preoccupation with defining an appropriate criterion for
conceptualizing the mediation, both material and symbolic, of nature and society (Görg,
2003a: 116). The search for such a criterion recognizes the tension that on the one hand,
nature must be experienced and understood practically and symbolically within the
framework of social relations: We ‘know’ nature as mediated by our socialized
understanding of the world, and on an epistemological dimension, therefore, nature is
necessarily a social construct. But at the same time, a negative criterion—nature as that
which is not society—reflects an interest in a dimension which is not a social construct,
but some non-social reality, something “fundamentally different from the social
dimension, with its own structuring principles and whose appropriation or
transformation for human goals is not arbitrary but must be respected in some manner”
(Görg 2003a: 119).
Given this tension, Christoph Görg has argued that an appropriate criterion for
defining the mediation between nature and society cannot depart from a ‘positive’
delimitation of what nature is, in the sense of a “permanent, objective and universal
criterion, such as that which Habermas sees embodied in the rationality of language
communication” (Görg, 2003a: 116), or which Latour introduced as a conceptual
medium for action that takes place in the collective, a discussed above. In contrast to
Latour, Görg’s builds on Adorno’s notion of the ‘priority of the object’ bringing in a
dimension of the object (and in this case nature) that is not only available through
concepts, communication or other societal relations, but that highlights the “dignity of
the material object” through a “reflection upon that which is not wholly captured by
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concepts [nicht im Begriff aufgeht], upon something that is non-identical to concepts”,
(Gransee, 2003: 193), and therefore not the same as the societal experience of nature.
The concept of non-identity captures the importance of a ‘negative’ criterion for
analyzing nature, according to its non-identical (social) side from which it differs. As
Adorno writes of his Negative Dialectics,
it is a proposal for a philosophy that does not assume the identity
of being and thinking and also does not end in it, but rather
precisely the opposite, that seeks to articulate the divergence of
the concept and the thing [von Begriff und Sache], of subject and
object; that seeks to articulate its irreconcilability (Adorno, 1965:
15f.).

In contrast with Latour, therefore, Adorno sees in the negative dialectics a method for
understanding the difference between concept and object. This ‘non-identical’
dimension can be described as “something that is not completely available, or that is
recalcitrant, that always allows the experience that it cannot just collapse with the
social” (Görg, 2003a: 122). But it is not only different to the social dimensions in a
symbolic sense, as is the case in Latour’s collective ‘parliament of things’ (cf. Latour
2004a: 227).21 In defining that which is not society, ‘Non-identity’ is not a permanent
‘externality’ as in the sense of ‘limits’, ‘obstacles’, etc. discussed earlier. It is not an a
priori definable or constant term (Görg, 1999: 129) but a dimension of materiality that
can be specified in relation to particular societal dimensions. As an analytical tool, the
central point is therefore that it can only be articulated in relation to a concrete historical
constellation, and in concrete situations (Görg, 1999: 128; Görg, 2003a: 122).
What may appear as a tautology (nature as that which is not social) is very
interesting as a potential methodological tool for capturing particular material qualities
of nature. A view of nature as that which is non-identical to society avoids an
objectified realism of a positively defined concept of nature as in Fischer-Kowalski’s
contention that phenomena “obey rules as described by the natural sciences” (Fischer21

In contrast with Latour, there can also be no equal exchange between subject and object, in the sense
that it is impossible to leave the realm of the societal in order to perceive the materiality of the nonhuman object. Latour recognizes that the researcher is to be entrusted with an act of political
representation but insists that it can be achieved. In contrast, this is an instance of the impossibility of
granting the object, in this case nature, the status of subject. There is therefore a process of “‘non-identity’
in the epistemological process itself” (Gransee, 2003: 194). For Adorno, this is essential, and also serves
as a basis for Horkheimer and Adorno’s central concept of the ‘domination of nature’ (ibid.), discussed
briefly below.
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Kowalski et al., 2011: 100f). At the same time, it also designates nature as a nonsocietal dimension of reality, avoiding a tendency to ‘collapse’ into the social
dimension, a tendency of the ‘social nature’ and ‘production of nature’ approaches
reviewed earlier. The assumption of non-identical dimensions, both methodologically
and as a relational-analytical category, presupposes the experience of the subject as a
mediation with nature which is necessarily societal, a societal relation towards nature.22
In contrast, recall that Latour sought to dissolve both, “the pair human-nonhuman is not
a way to ‘overcome’ the subject-object distinction but a way to bypass it entirely”
(Latour, 2000, cited in Gransee, 2003: 193, emphasis added)—a difficult proposition
because it denies that an epistemological point of departure is our own cognitive self,
leaving us at a loss as to where to begin to look for the materiality of nature in a grey
area of undifferentiated nature-society.
Moreover, in addition to this analytical dimension of non-identity Görg
constantly draws attention to the significance of the concept in an historical context as
pertains to particular societal nature relations, especially regarding the perception that
nature’s non-identity—its specificity vis-à-vis societal processes—could be overcome
or at least controlled through domination of nature, i.e., through specific relations of
domination. The argument is that the ability to control human disease, to increase
agricultural yields, to convert the molecules in crude oil into an infinite number of new
materials, or to manipulate atoms to create nuclear energy also amounts to a process of
abstracting from the particularities of (non-identical) nature. Here, non-identity is also
the perception that “one can, in principle, master all things through calculation’” (Görg,
2003a: 128, citing Max Weber, Science as a Vocation). Following Adorno, what
characterizes domination of nature (Naturbeherrschung) is an abstraction historically
particular to capitalist relations in which production is oriented towards the production
of exchange values.23 In Adorno and Horkheimer’s analysis, this particular way of
22

I explicitly do not use the term ‘societal nature relations’ here because here I am not trying to point to
‘relation’ in the sense of societal relations but rather in the sense of a way of relating to or being
implicated with nature that is both societal in its experience of nature (socialized cognition), but in which
nature is at the same time the material basis for this type of relation.
23
This is the “secret of the commodity” in Marx’s Capital, in which commodities obscurely reflect the
antagonistic social relations of capitalist production and socialization as if they were objective qualities.
As Adorno adds, this is not only relevant as an obfuscation of societal, but also of nature relations: The
predominance of exchange-value qualities also results in an abstraction from the concrete, material
qualities of modified nature. Modified and changed nature then appears, reified, as a “second nature”, an
objective reality, despite the fact that this reality is ‘only’ as objective as the relations of domination. At
the same time, in Adorno and Horkheimer’s understanding, as it is in Marx’s own, it is not a total
abstraction or opaqueness that is impossible to break. Emancipative potential from the domination of
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constructing or fashioning societal nature relations is a process that is closely linked
with the development of modern science, gender relations and the organization of
rational domination in the state. It is a decisive problem of capitalist development in
which the unique qualities of nature are “degraded to a container for societal purposes,
such that the perception of its non-identity is made difficult or impossible” (Görg
2003a: 127). The domination of nature is therefore not centered, as the term
‘domination’ might first suggest, on the appropriation of nature as such. The key
element is the domination of the general over the particular; the societal potential to
abstract from the particular qualities of nature (ibid.). This use of non-identity as a
moment of abstraction underlines a potential not only as a methodological tool to be
used in the context of a ‘negative approach’ to nature as just described, but also to
designate a quality in which there is a tendency towards a social abstraction from the
material particularity of nature. In the context of my analysis of the materiality of
agricultural plants in the following chapters, both uses of the term will be relevant.

The Regulation of Societal Nature Relations
One of the most frequent themes in Brand and Görg’s work has been the
question of how, given a plurality of societal nature relationships and many conflicts
over how to organize and appropriate particular dimensions of nature, certain societal
nature relations become dominant and may become relatively stable over time (Brand
and Görg, 2003; Görg, 2003b; Brand, 2000: 142ff.; 153ff.; cf. also Raza, 2003). The
question of the relative stability of nature relations is interesting to my analysis given
the goal of making explicit how the different materialities of society and nature
intersect. In the following I approach Görg and Brand’s work in greater detail and ask
whether through the Regulation Approach—a theory of the stabilization of societal
nature lies in a practical break with the process in which this abstraction plays a functional role and to
recognize it as a moment of domination, not an ontological necessity (cf. Görg, 1999: 128f). Others have
failed to see this aspect of Adorno’s work and of the ‘domination of nature’ argument. For example,
Smith writes that “from a political perspective the argument about the domination of nature is a dead-end
street: If it is an unavoidable aspect of social life, the only alternatives are literally an anti-social politics
or finding refuge in a weakened, more gentle domination“ (Smith, 2008a: 875). Smith contends that his
‘production of nature’ argument leaves “radically open if and how the societal production has
unintentional or even counterproductive consequences for nature“ (ibid.). As Görg notes, in Adorno’s
analysis the emancipative potential is important not only for the nature side, but for the societal side as
well. It develops the image of the relationship between master and slave as analyzed by Hegel; it is a
relation of dependency not only for the slave, but also for the master who cannot recognize his
independence within this relation (cf. Görg 1999: 121ff).
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relations— it is possible to integrate Görg’s sophisticated considerations about the nonidentical dimensions of nature’s materiality that were just presented. The critique that I
develop based on Görg’s approach will then play a role in defining my own framework
for studying the mediation of societal relations and nature processes with a focus on the
changing material qualities of the latter.
The Regulation Approach is itself not a theory with a primary emphasis on
nature. However, development of the ‘regulation of societal nature relations’ has been
the merit of the work of German regulation theorists Christoph Görg, Ulrich Brand and
various other scholars working within this tradition over the past ca. 15 years (for an
overview, cf. Grünewald, 2010; cf. also Köhler, 2008b; Dietz and Wissen, 2009). The
distinctive feature of the Regulation approach among other analyses of the critique of
political economy has been a focus on distinct phases within a historical type of capital
accumulation, accentuating the discontinuities within capitalist forms of socialization
vis-à-vis structural Marxist approaches that stressed capital reproduction and tended to
blend out historical, spatial or institutional specificities. Each such phase of
‘institutional coherence’ is understood as a certain correlation among economic, cultural
and political processes that contributes to a coherence of societal relations during a
given phase.24 A correspondence between a capital accumulation cycle and supporting
institutions, political relations, cultural practices and so on that accompany it are not
viewed as a functional requirement (cf. Görg, 2003b: 122f.) but as a product of concrete
social conflicts that may (but must not necessarily) stabilize in or through an
institutional ‘compromise’ for a given period. Historical phases of crises separate
periods of relative coherence, and the conflicts and dynamics therein are important in
framing any period of stability that may follow (ibid: 123).
Given that neither institutional coherence as a functional condition nor a planned
or specific strategic provision of a dominant group are assumed, a characteristic focus
of the German school of the regulation approach— including the work of Brand and
24

Regulation scholars stress that the reproduction of capital is not automatic in the sense that it follows an
immanent or systemic logic. Their attention centers on how the practices of social actors in various
phases and constellations have become, historically, a condition “in accordance with the unevenly
changing, objective [i.e., valorization] requirements” (Jessop, 2001a: xvi) of capitalist reproduction, a
process that ought to be explained, not a priori assumed. Metaphors such as ‘discoveries’ describe the
method of explaining specificities of capital accumulation in a particular phase. The institutions and
mechanisms that it focuses on span a wide range of economic but also non-economic processes that are
directly or indirectly involved in the accumulation of capital, including collective identities, norms,
conventions, etc. (Jessop, 2001a; Görg 2003b).
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Görg on nature—has been on conflict and the transformative potential of social action.
“The reproduction of the capital relation is itself a form of conflict, because it is
achieved through the process in which the various elements of capital circulation are, in
each period, brought together in a particular relation to each other” (Demirović, 2003:
46). A basic focus is on the contradictions, instability and crises inherent to capitalist
socialization, but a central question is how these are mediated through practices that
may give a historically concrete set of regularities to capitalist socialization. Thus, it is
the reproduction of fairly coherent and stable conditions for a given context, “despite
and as a result of its conflictive and contradictory character” (Lipietz, 1985: 109), that
merits explanation. This societal process of stabilization and temporary coherence in
relations is captured with the central concept of regulation.
Regulation should not be misunderstood, i.e. reduced, to intentional or strategic
action by actors or institutions. Although on a concrete dimension it can also encompass
the coordination or control of economic and political organization—such as specific
environmental policies (Görg, 2003a: 115), it refers primarily to the overall creation of
stable social relations as a result of a process of institutionalizing societal conflicts; as
hegemonic projects and as societal compromises, a non-strategic process. This puts
historical complexity into focus, and renders concrete social conflicts and actors visible.
It also makes it possible to specify the mediation between the structuring relations of
capitalist socialization in general from historically variable institutional structures, as
well as between institutions and concrete conflicts and actors. The particular way that
such a mediation takes place during a phase of capital development is analyzed as a
particular mode of regulation, a “totality of institutional forms, networks and explicit or
implicit norms and which ensure the compatibility of ways of behavior in the context of
an accumulation regime, both according to the state of societal relations as well as their
conflictive characteristics” (Lipietz, 1985:121).
Görg and Brand entered the regulation debate in Germany in the mid-1990s
arguing that an ecological crisis was central to the crisis of ‘Fordism’ as a mode of
regulation, a period of economic, political and social coherence on both sides of the
North Atlantic that ended in the 1970s and was a main focus of Regulation scholarship.
Brand and Görg championed the potential of bringing together the rich understanding of
nature-society mediation captured in ‘societal nature relations’ and the Regulation
Approach for interpreting the changing practices and perceptions in dominant forms of

51

‘dealing with nature’ [Umgang mit der Natur]. Görg, in particular, positioned it as a
critical alternative against the pessimism of other dominant scholarly interpretations
such as that of Niklas Luhmann who questioned whether the ecological crisis could be
‘dealt with’ [gestaltet]; but also against the policy optimism of a ‘global environmental
management’ that came to characterize such areas of scholarship such as
‘environmental economics’, particularly since the early 1990s and the aftermath of the
UN Conference for the Environment and Development (‘Rio Process’) (cf. Görg 2003a:
113f).
Brand and Görg’s work on societal nature relations usually departs from the
ecological crisis of the 1970s. The diagnosis of an ecological crisis within the context of
Regulation differs from the finite concept of limits discussed above. With a crisis of a
particular constellation of institutions, norms and practices also came a crisis in the way
that nature was appropriated, but such a destabilization is in no way independent of
societal responses to this crisis: “Ecological conditions (and any possible limits therein)
are first perceived in the failure of particular strategies for their appropriation […] A
critical theory of a societal formation should be less concerned with, as it were,
positively deriving ecological limits, but should critically evaluate the role played by
these appropriation strategies (Görg, 2003c: 189). This regulationist focus on practices
and perceptions and their discontinuity changes the question posed by many regarding
the ecological crisis and ecological problems that centered on limits or risks.
For example, Görg often positions himself against Ulrich Beck’s argument
regarding the risks associated with how nature is appropriated and shows instead how
(and not whether) environmental problems are in fact dealt with (Görg, 2003a). In other
words, the assumption that nature and society are mutually and permanently constituted
means that they are always ‘dealt with’, as opposed to a notion of the social that would
somehow decide whether or not to ‘reach out’ of the social sphere to deal or not deal
with nature. Here, instead of limits, the premises of regulation offers a concrete way of
showing the interaction ‘with’ nature through a transformation of societal nature
relations (cf. Dietz and Wissen, 2009: 367). At the same time, however, ‘dealing with’
is something that in Brand and Görg’s work is only considered on the dimension of
social relations and in particular, political relations. Despite their sophisticated approach
to conceptualizing the distinct materiality of nature as discussed above, this nonidentical dimension only plays a role in a restricted sense: For Görg in particular, the
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ecological crisis is structured by a social perception of a non-identical materiality,
understood as “the experience that it is impossible to abstract from the ecological
conditions of social reproduction” (Görg 2003a: 124) without experiencing the negative
consequences of this abstraction.
In Brand and Görg’s concrete analyses, societal nature relations are mediated,
above all, by relations of domination: “Perceptions of and ways of dealing with ‘nature’
are hegemonially created and therefore necessarily selective” (Brand, 2000: 142):
So-called ecological problems consist in material-substantive
transformations as intertwined with how they are perceived and
interpreted —as part of power-structured processes. In this process,
the material-substantive changes cause effective and irreversible
damages to humans and the outer-human nature, sometimes over
long periods of time. So-called environmental problems, both at
the local and global scale, are therefore in the first place based on
social processes of exploitation, property relations as well as power
and class structures (Brand, 2000: 143, emphasis in original).

This is a framing of societal nature relations that is similar to the ‘social nature’
positions discussed earlier. The materiality of nature is acknowledged and it is even
stated that it has been damaged irreversibly. But this material transformation is
primarily ‘structured through the way that it is perceived and interpreted’ (ibid.;
compare to Castree’s earlier argument regarding the ‘contingency’ of nature upon social
practices). In the following I discuss this in some detail, bringing in parts of Brand and
Görg’s concrete analyses and suggesting what other dimensions they might focus on to
arrive at a position that can capture nature’s materiality in a more direct or ‘tangible’
manner.
The majority of Brand and Görg’s research has centered on the period after the
ecological crisis of the 1970s in which they identify a ‘post-Fordist regulation of
societal nature relations’ (Brand and Görg, 2001; Brand and Görg, 2003; Görg, 2003b;
Görg and Brand, 2003; Brand and Görg, 2008).25 They have focused on the particular
conflicts that played a role during the ecological crisis and were ‘resolved’ or
regularized as a new ‘post-Fordist way of dealing with nature’, meaning a cohesive
25

For now, I follow Brand and Görg’s own terminology without defining what the ‘regulation of societal
nature relations’ exactly entails. Below, I ask whether it is possible to conceive of the regulation of nature
in the same way as it is possible to conceive of a regulation of societal relations and if so what might be
different.
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ensemble of dominant institutions, practices and discourses. Brand and Görg’s work has
been on political/state institutions and processes of hegemony building regarding the
constitution of ‘genetic resources,’ such as wild plants and agricultural seeds. Their
analysis is rich in showing new forms of state relations, as they structure the new
dominant societal nature relations and in particular the ‘internationalization of the state’,
a process of ‘multi-scalar materialization’ of political relations (Brand et al., 2007: 223).
While certain central functions of the state tend to remain at the national level,
international institutions take up particular state functions such as the generalization of
interests (e.g., “sustainable growth”). Görg and Brand characterize post-Fordist
regulation as a struggle over ‘new state spaces’ themselves, that is, as a reconfiguration
of the dominant political terrain upon which conflicts will be carried out (Brand et al,
2007; Brand, 2008a).
At the same time, with the exception of some characteristics that they mention
in passing, Brand and Görg do not elaborate on what characterizes the new ‘postFordist’ societal nature relations.26 In their work, the political conflicts themselves
frame a new way of appropriating nature. This is supported by a frequent emphasis on
the political constitution of resources; the fact that the successful valorization of
resources cannot be separated from “the implementation of institutional (legal, political,
social) conditions for this valorization” (Brand and Görg, 2001: 90). It is an analysis of
the political relations that frame the “constitution” of a resource—that is, the
transformation of some part of nature into a resource that can be valorized—without
however touching on how this resource was constituted in the sense of a material
transformation. In one passage they state clearly, “our main interest is in showing the
social background of the conflicts surrounding genetic resources” (Brand and Görg
2003: 14).
26

The “reduction of nature to its economic value (Brand and Görg 2001: 90); the difficulty in separating
environmental problems and valorization strategies (Brand and Görg, 2003:19); the increasing tendency
in the domination of nature (ibid: 18) and the “changing meaning of information and knowledge in the
transition to a post-Fordist accumulation and mode of regulation” (ibid: 25f) are some general
characteristics of the new societal nature relations. More recently, in another paper Brand and Wissen
also specify elements of contemporary societal nature relations with regard to everyday and institutional
patterns of production and consumption based on fossil resources that they refer to as ‘imperial modes of
living’ (2012). As part Fordist and post-Fordist ‘imperial mode of living’ “resource- and emissionsintensive consumption practices have become mass phenomena, i.e. they have become central elements of
the reproduction not only of elites, but also of subaltern classes in the global North. As a consequence,
their socio-ecological impact has increased and the environmental crisis has been aggravated, both of
which will be further deepened by the current generalisation of ‘fossilist’ consumption practices in the
upper and middle classes of large developing countries” (ibid.: 13).
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Here, however, the point of critique is that they nevertheless present this as an
analysis of the transformation of societal nature relations, despite the fact that their
analysis says little about the non-societal materiality of ‘nature’ which is otherwise
emphasized as essential in the constitution of new societal nature relations. In other
words, one can approach their work and ask: What characterizes the conflicts they
describe as conflicts over nature? The richness of their work rests on being a study of
political relations, in which the changing dynamics of societal nature relations are based
solely on the social dimension. To put it somewhat schematically: Despite the fact that
they are dealing with the political constitution of biodiversity, it is not clear how Brand
and Görg’s general analysis would change substantially if the fact were abstracted that
the conflicts they analyze are over ‘genetic resources’ and, as an example, imagined
they were analyzing the conflicts over non-living nature, for example, the extraction of
minerals.
To more thoroughly capture what the regulation of societal nature relations
might entail, I suggest that two issues must be addressed. First, there is the major
question of how Regulation Theory, as a theory of societal relations takes into account
the materiality of nature that Brand and Görg so often emphasize is crucial to defining
societal nature relations. Second, I will argue that without looking beyond political
relations it is equally difficult to adequately define the role of the materiality of nature
because it is largely via productive processes that material nature is transformed. I will
develop these two points as they are important as a basis for developing the
methodology of the dissertation that I present in the next chapter.

Production and the Changing Form of the Material
While production processes are important to defining regulation in the sense of
the Regulation Approach (cf. Jessop, 2001a: xiif.), Christoph Görg’s lengthy study on
the Regulation of Societal Nature Relations (2003b) does not consider production. In
passing, he criticizes other authors who have given primary emphasis to a study of
nature through “economic institutions in a narrower sense” (Görg, 2003b: 126).27 Given

27

To define societal nature relations, Görg notes five central areas to be addressed: the role of social
actors; the significance of socioeconomic crises; the role of norms, values and lifestyles; symbolic
institutions, meanings systems and ‘science as an institution’; and a structural framework of societal
development (Görg, 2003b: 126ff). In this list it is remarkable that no attention is given to production as a
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the distance that the German Regulation scholars establish between their analyses and
those of an economistic Marxism, Brand and Görg have largely distanced themselves
from looking at economic processes.28 Yet the dimension of production is essential for
defining what makes ‘genetic resources’ a ‘strategic’ aspect of the new accumulation
regime they describe for Post-Fordism. For example, Brand and Görg write, “we are
dealing with a different kind of resource than in the Fordist phase. For it is less about
availability of the natural products as such, but more and more about the information
contained in them, the ‘genetic code’” (Brand and Görg, 2003: 25, my emphasis).29
However, this entails taking a Fordist standard of what a natural resource is and
universalizing it “as such” to then define a post-Fordist standard of a natural resource.
During Fordism, oil as a natural resource was by no means available “as such”, without
specific ways of extracting and processing it. Even if here Brand and Görg may be
suggesting that plants and animals used to be previously available “as such” before they
were “constituted by scientific descriptions and technological developments” (ibid.),
this is also to be seen critically. For even thousands of years back, societies depended on
fire, on knowledge about plants or about hunting techniques, that is, on the development
of knowledge and specific technologies, to also ‘constitute’ their Neolithic natural
resources.
Brand and Görg’s longest discussion with respect to production argues that “the
hallmark of [the life science] industries is that they are ‘knowledge-based’ in a
particular way, i.e., they are based on the systematic production and appropriation of
research results” (Brand and Görg, 2003: 24). As part of post-Fordist relations,
social process through which the materiality of nature is constantly transformed. Regarding the
‘significance of economic crises’ he goes on to note that “socioeconomic crises are not to be understood
as isolated economic processes but they concern [all social spheres]. Whether a more or less stable,
coherent accumulation regime can develop is not only dependent on the forms of production and
distribution but also, among others, on particular forms of political regulation, new lifestyles and
consumption patterns as well as scientific-technological innovations” (Görg, 2003b: 128).
28
When Görg and Brand entered the regulation debate in the 1990s, they questioned some of the
tendencies within the Regulation Approach, especially as it had been developed by the most influential
Parisian school. “When Lipietz and Boyer [together with Michel Aglietta, two of the central scholars of
the first, ‘Parisian’ regulation school] speak in general of social relations, their texts consistently deal
with only two: wage relations and commodity relations and their articulations” (Sablowski, 1994: 138).
Against this, Görg and several other German scholars with an interest in the Regulation Approach
proposed as a central project, “a theoretically appropriate analysis of the political” (Görg, 1994: 18; cf.
Esser, Görg and Hirsch, 1994).
29
As I discuss in Chapter 5, the opposition of information and material goods makes little sense in the
context of genetic resources. ‘Information’ has been understood by geneticists and biologists as a
shorthand way of describing the molecular transformation of substances in the cell (cf. Lewontin, 2000:
3). But however small and inaccessible to human experience they may be without some kind of
technological mediation, molecules remain material.
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knowledge is no longer a “‘natural’ factor of production… but must be produced
systematically”; it is increasingly commodified and enclosed; and is “no longer
attributable to individuals or firms, but is increasingly carried out in complex systems
and networks” (ibid., 26f). Their attention to knowledge leads to a discussion of
intellectual property rights and to the resulting “social axes of conflict, actors,
contradictions and new forms of [political] regulation of post-Fordist ‘infocom’
capitalism’” (ibid: 29). As I suggest in the analysis of the transformation of plant
reproduction from peasant production to scientific breeding in Chapters 3 and 4, a
systematization of knowledge cannot be said to be an essential characteristic of postFordist nature relations: Since at least the late 19th century, the systematization of
scientific knowledge about plants has been essential to the ‘constitution’ of plant
resources.
Consider Marx’s observation, made in the 1850s, that “the development of fixed
capital [in this case he is referring to the sophistication of production machinery] shows
the degree to which general societal knowledge has become a direct force of production
and therefore the conditions of societal life processes have come under the control of
the general intellect [sic] and have changed it accordingly” (MEW 42, (1857): 602,
emphasis in original). This passage underlines that the systematization of knowledge as
a new force in the productive process that is today often taken as characteristic of new
economic processes is much older (Haug, 2001: 34ff.). Moreover, other parts of Marx’s
analysis also highlight a central element that it helpful in considering what is also
‘strategic’ about the new post-Fordist resources Brand and Görg analyze. For example,
the materiality of nature is important when Marx considers the properties of both a
waterfall and of steam in the process of economic transformation through the steam
engine:
The producer who works with the steam machine also uses
nature power which poses no cost to him, but which makes labor
more productive… This monopolizing of nature powers, i.e., the
increase of the labor power that they brought about, is common
to all capital that works with steam machines. The producer pays
the coal but not the capacity of water to change its structural
state [Aggregatzustand], to be transformed into steam, [does not
change] the elasticity of the steam, etc.
[in the case of the producer that works with a waterfall] the
possession of this nature power creates a monopoly in the hand
of its owner, a condition of high productivity of the invested
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capital that cannot be produced as part of the productive process
of capital itself (MEW 25: 656; 658, (1894), emphasis added).
In the context of this dissertation, Marx’s attention to the material dimension of (nonliving) nature as a productive force is essential, because he shows that it is a natural
force precisely in a sense non-identical to the social productive force: ‘the capacity of
water to change its structural state’. By contrast in the oft-cited Marx quote describing
nature and labor, “commodities [Warenkörper] are associations of two elements, nature
substance [Naturstoff] and labor. If the entire sum of the various useful labor is taken
away […] a material substrate always remains which exists in nature without the doing
of humans” (MEW 23: 57 (1867), emphasis added). Here, nature is a passive
‘substrate’ that forms the physical materiality [Warenkörper] of the commodity. But in
Marx’s discussion of production more largely, nature is also dynamic, it is a productive
force in the sense of a force that transforms materiality in a way that is useful or
productive.
It is not surprising that as scholars working within Regulation Theory, a tradition
that saw itself as breaking with structural Marxism and with analysis that framed
productive processes as always a primary arena, for Brand and Görg the sphere of
production is not a focus. This is probably particularly true for a concept such as
productive forces and its association with knee-jerk analyses that focused on
‘productive force development’ as following an inner logic and unproblematically
explaining nearly every other social relation.30 Yet, as I will argue in the following
chapters, considering production as the transformation of the material qualities of
nature, as well as productive forces as a specific quality of nature that is used to
transform its natural form into a societal form is essential in the context of identifying
changes in societal nature relations. When speaking of ‘productive forces’ it is usually
from the perspective of the societal process of valorization. But it is precisely in
considering the ‘non-identical’ dimension of these forces that reveals their dynamic
materiality. This is an important aspect that I come back to in the following chapters.
There, I analyze the living processes of organisms and their changes from this ‘nonidentical’ perspective—that is, not as sources of labor productivity, but as ongoing
30

This refers to other passages in Marx’s work such as: “relations of production correspond to a definite
stage of development of their material productive forces. The sum total of these relations of production
constitutes… the real basis on which rises a legal and political superstructure” (Contribution to Critique
of Political Economy 1859, cited in Miller, 1984: 174).

58

transformations of the materiality of productive processes. For this purpose, the sphere
of production and its qualitative changes through various productive forces—always
with attention to the non-identical dimensions of these processes—will be important.
Brand and Görg are correct to insist on the fact that whether ‘genetic resources’
can ‘be constituted’ as strategic resources in production processes depends on the
conflicts that govern who has access to these resources, what institutions regulate their
use, transformation and commercialization. Moreover, they would be right to answer to
my argument regarding the importance of production by pointing out that the
‘development’ of particular ways of production are the outcomes of struggles and their
institutionalization in historically-specific ways. And yet a study like theirs, focusing on
societal nature relations within the analytical framework of political economy; and that
is moreover cognizant of the importance of the materiality of nature, must take the
productive sphere and in particular the role of productive forces into account. As I
highlight in the following chapters, productive processes are central in the
transformation of the materiality of nature. Without identifying the material
transformations of nature in its relation to societal and in particular productive
processes, Görg and Brand’s goal of analyzing the regulation of societal nature
relations—both in the sense of regulation theory and in the sense of their complex
understanding of nature— does not reach its full potential on two key dimensions: On
the social dimension there is a tendency towards an understanding of regulation in the
narrow sense of political regulation; while on the nature dimension the question of
regulating (non-identical) nature is not problematized.

‘Non-identity’ and the Natural Sciences
To end this chapter, I take a closer look at Brand and Görg’s understanding of
how, within the framework of a theory of societal relations (i.e., Regulation Theory),
societal nature relations could be regulated. In particular, I address whether one can
consider, as do Brand and Görg, that nature can be an ‘object’ of regulation alongside
welfare policies, the activity of social movements or finance markets. I argue that
Brand and Görg’s exclusive focus on political relations allows them to leave this
fundamental question largely unaddressed: Despite Görg’s recurring attention to a nonidentical dimension of processes, of “that which is different”, they tend to consider this
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difference in a narrower dimension in which non-identity is above all a way of ‘dealing
with’ (Umgang; Gestaltung) nature, a societal experience.
Görg and Brand have a legitimate interest in societal conflicts and the creation
of stable political constellations. But it is problematic that they also present their work
as analyzing the central characteristics of a constellation of societal nature relations,
based only on their analysis of political relations (cf. Brand and Görg, 2003; Brand and
Görg, 2001; Brand and Görg, 2008; Görg and Brand, 2003; Görg, 2003b; Görg, 2003c).
The practices that shape hegemonic ways of “dealing with nature” (Umgang mit der
Natur) not only take place in political conflicts or institutions and therefore political
institutions need not be privileged as a primary area of analysis. Concerning societal
nature relations in particular, important “ways of dealing with” nature in a wider sense,
(including the building of hegemonic relations), are also materially anchored in
production processes; in the development of scientific knowledge; or in dominant
consumption patterns, for example. Although his research only deals with political
relations, Görg recognizes that
Nature is not a specific entity vis-à-vis society, whose
appropriation could be shaped [gestaltet] through specific
institutions. Nature is involved in all societal dimensions or more
precisely: all societal relations are at the same time to be
understood as variations of the constitution [Gestaltung] of
nature relations (Görg, 2003c: 184, emphasis in original).
From Brand and Görg’s perspective it would be necessary to ask whether there are
particular modalities of domination that in fact privilege certain areas in which societal
nature relations are transformed. These areas are not determined a priori but would
certainly include production, for the reasons already discussed; and might also include
scientific institutions, or institutionalized forms of consumption, among others.31
But most importantly, given Görg’s sophisticated understanding of nature
society relations in which “nature cannot be dissolved in its societal construction”
(Görg, 1999: 128), Brand and Görg would have to consider whether societal nature
relations are not only structured by antagonistic societal dynamics (conflicts relating to
some kind of social coherence) but by antagonisms that hinge on the dimension of
31

More recently, Uli Brand’s work on nature has done this, moving beyond political institutions to
address what he refers to as an “imperial lifestyle” which focuses much more on production and
consumption (cf. Brand, 2008b; Brand and Wissen, 2012).
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nature, or more precisely on non-identical dimensions of societal nature relations.
How do Brand and Görg deal with non-identical dimensions of societal nature relations
in their analyses? The notion of non-identity is present, but only in a narrow sense. For
example, in the context of the ecological crisis preceding the formation of relatively
coherent ‘Post-Fordist societal nature relations’, non-identity is defined as the
“experience [Erfahrung] that it is not possible to abstract at will from the ecological
bases of societal reproduction” (Görg 2003a: 124, emphasis added), often in contrast to
“strategies… that have a different, less destructive form of appropriation of nature, a
way of dealing with nature that tries to take its non-identity into account” (Brand and
Görg, 2003: 19).
Non-identical dimensions of societal nature relations are also analyzed as a
difference in the sense of the domination of nature: “Unfortunately, biodiversity
conservation […] is not granted its own logic, as is demanded from many actors.
Instead it tends to be subordinated to a different logic, a logic that is related to
commercialization and therefore to another, a dominant societal interest” (Görg 2003a:
131). In all cases, Brand and Görg capture non-identity as different ways of ‘dealing
with nature’, i.e. as dominant practices, experiences interpretations, etc. By contrast,
and as Görg recognizes (cf. Görg, 2003a), Adorno’s Negative Dialectic explicitly
emphasizes non-identity in the “key” sense of the materiality of both subject and object
(cf. Gransee, 2003: 193f.)
Brand and Görg do not directly address the reason for this narrow interpretation
of nature’s ‘own logic’ in contrast to their definition of the concept of societal nature
relations, but their work provides several ‘clues’. One is the tradition of the Frankfurt
School and its central concept of the ‘domination of nature,’ understood as a historically
concrete practice of nature transformation in capitalist societies in which the
particularities of nature are abstracted (Görg, 1999: 54f.). According to this, the
materiality of nature might be assumed to have become less important in constituting
the hegemonic ways of ‘dealing with nature’ in which Brand and Görg are interested; in
other words, the process of abstraction may have engulfed the particularities of nature.
However, in Adorno and Horkheimer’s understanding, as in Görg’s, domination is not a
total abstraction or opaqueness that would be absolute. Emancipative potential from the
domination of nature lies in a practical break with the process in which this abstraction
appears to be a functional necessity and to recognize it as a moment of domination, not
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an ontological necessity (cf. Görg, 1999: 128f). Key in such an emancipative moment is
that, in the process of recognition, “nature is not dissolved in its societal construction”,
but is “a process of recognition that involves a non-identical moment” (ibid., my
emphasis). Paradoxically, by ignoring the non-identical dimensions of societal nature
relations, it is as if Görg himself had fallen prey to a dimension of the domination of
nature in the sense of the Frankfurt School, by ignoring or abstracting from the material
or use-value qualities of nature in his analysis.
Second, there may also be a methodological reason for Brand and Görg’s
narrower understanding of nature’s materiality. Görg maintains that the existence of a
materiality distinct from that of society is nevertheless only accessible as a social
experience. This means that “this non-identity cannot be shown outside of its societal
mediation, scholarly terminology and cultural meanings” (1999: 129), and even that
non-identical dimensions (here not of nature, but of any object) are “materially, not an
ontological quality but recalcitrant elements vis-à-vis a societal, a cultural-linguistic
construction” (ibid., emphasis in original). But in both of these passages Görg is simply
pointing to the epistemological fact that in the subject-object relationship that is basic to
any cognitive process it is impossible to know or experience the object through
anything but a social construction. This point is well taken, and it is also underlined in
Görg’s formulations in which the particular materiality of nature is “something that is
not completely available, or that is recalcitrant, that always allows the experience that it
cannot just collapse with the social” (Görg, 2003a: 123, emphasis added).
And yet it remains problematic that non-identity does not appear as a dimension
of regulation in the broader sense as defined by Regulation Theory, that is, as
regularization across many societal relations. If “nature is involved in all societal
dimensions or more precisely, all social relations are at the same time to be understood
as variations of the constitution of societal nature relations” (Görg, 2003c: 184), then
the regulation of these relations must be more than how nature is “dealt with” in the
above sense; it must also problematize the regulation of a dimension which is not
identical to social dimensions. In a controversy as to whether ‘societal nature relations’
could be considered as an ‘institutional form’32 within Regulation Theory, Görg
32

Within the Regulation Approach, institutional forms (sometimes also referred to as ‘structural forms’)
give shape to a particular mode of regulation. Examples are wage relations, the money form, or the state
(as a ‘political form’). They are not the same as societal institutions, in the sense of organizations, the
state bureaucracy, etc. Instead, institutional forms are taken as “kind of codification of one or several

62

defended such a broad understanding of societal nature relations in the context of
Regulation Theory:
This dissociation of various dimensions of regulation ignores
the insight that the regulation of societal nature relations are
not an element of a particular dimension of social regulation,
but an integral element of social synthesis at all scales. […]
Nature is not a specific entity vis-à-vis society, whose
appropriation takes place through particular institutions or
forms. Nature is involved in all societal dimensions or more
specifically: all societal relations should at the same time be
understood as variations of the formation of societal nature
relations. When therefore society and nature stand in a
constitutive relation to one another… [it is important to ask]
as regards the specificity of the subject nature: What is
actually that which is specific to nature, what does this term
actually mean? (Görg 2003c: 183f, emphasis in original).
Taking this ‘subject nature’ into account as part of a concrete research analysis
within the Regulation Approach raises several unanswered questions about how to go
about this. Can non-identical dimensions be regularized just as any other societal
relation or institution such as the labor market, political relations, welfare policies, etc.?
What does regularization or coherence of nature relations then entail, particularly
regarding non-identical material dimensions? A few passages in Brand and Görg’s
work suggest an answer: In one passage Görg notes a variety of realms that have been
important to the constitution of societal nature relations, including science, politics,
sexuality, medicine and medical technologies, the human body (2003c: 184). In another
publication, Brand notes that “the regulation of societal nature relations takes place in
institutions and through norms and values in which the [conflicts arising from different
ways of dealing with nature] can be processed over a certain time” (Brand 2000: 142;
for a similar definition cf. also Brand and Wissen, 2012: 7).
Regulation again seems to be diminished to mean the regularization or to the
emergence of a hegemonic way of dealing with nature, which is supported by his
further observation that, “when the regulation of societal nature relations takes place,
the destructive character of the societal way of dealing with nature does not necessarily
constitute a social problem,” i.e., is stabilized (Brand, 2000: 142). This underscores a
point of critique in the exclusive focus on political (or more seldom, other societal)
fundamental social relations” (Boyer, 1990, cited in Brand, 2000: 94) that, together, constitute a given
mode of regulation.
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relations: By only analyzing the social dimensions, regulation is possible because it is
an analysis of social relations in which the materiality of nature is not a factor that
would need particular attention. One could describe Brand and Görg’s notion of the
regulation of societal nature relations as the regulation of societal conflicts that happen
to involve the appropriation of nature. But they are not an analysis of societal nature
relations in the full analytical potential of each of the concepts: Regulation on the one
hand; and nature relations on the other.
At this point, Brand and Görg’s analysis is close to the ‘social nature’
approaches in Political Ecology, even though Görg himself has criticized such
positions, noting that there is an arbitrariness in the “varying degrees of social
constructivism which in principle are doing no more than carrying forward an
important element of classical enlightenment, namely to disenchant putative ontological
or metaphysical entities as human [social] creations” (Görg, 2003a: 120). In trying to
find an answer as to why Görg does not address nature’s materiality in a more direct
manner in his research, I encountered a revealing passage in which he writes that,
Marx’ famous passage about the undermining of the earth
and the worker33 […] cannot hide the fact that, in the
framework of his theory, [Marx] had no methodological
instrument for capturing the destructive impact of the
capitalist mode of production on ‘nature’. For in order to do
so, the particular logic of ‘nature’ would need to be
captured: What kind of functional coherency of the
biophysical environment is undermined by what kind of
forms of use? What are the consequences of this for various
societal formations? In order to answer this, knowledge from
the natural sciences is necessary, although a critical analysis
of the reference to social relations of domination as well as
the avoidance of naturalistic false conclusions (from what is
to what should be, from scientific analyses to real things,
etc.) is [also] necessary […] (Görg, 2009: 317, my
emphasis).
According to Görg, further qualification of the characteristics of “the particular logic of
nature” is the prerogative of the natural sciences, a position that is contradictory given
his simultaneous defense of the usefulness of the Regulation Approach for analyzing
33

“and all progress in capitalist agriculture is not only a progress in the art to rob the worker but at the
same time in the art of robbing the land, all progress in the increase of its fertility for a given period is at
the same time progress in ruining the underlying source of its fertility… capitalist production develops
technology and the combination of the societal production processes therefore only in that it also
undermines the sources of all wealth: the earth and the worker” (MEW 23: 530).
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societal nature relations in a sense that captures non-identical dimensions. Despite their
very different concepts of nature, here is a point of overlap between Görg and FischerKowalski who also turns to the natural sciences as an authority on how to conceptualize
the materiality of nature.
In the following chapter, I present an original methodological approach to the
study of nature. In contrast to Görg, I will argue that it is indeed possible to have a rich
conceptualization of nature without leaving the realm of social science theory, but to do
so, the ‘negative’ methodology of the ‘priority of the object’ must also be supplemented
by a ‘positive’ or direct definition of materiality with a concept of the materiality of
nature that is accessible to the social sciences.
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2. Research Methodology and Design: Spatiality and Temporality
as Dimensions of Nature
For he that knows the way of nature will more easily observe
her deviations: And on the other hand he that knows her
deviations will more accurately describe her ways.
Francis Bacon, Novum Organum (1620)

	
  Introduction	
  
This chapter introduces the approach for studying the interrelation between the
materiality of nature and societal relations in the dissertation. First, I address how I
approach the materiality of nature based on some of the concepts laid out by the
‘societal nature relations’ scholarship described in Chapter 1. I then describe the central
analytical approach that recognizes the inability to distinguish empirically between
society and nature but proposes that an analytic distinction can be made between
production and reproduction when living organisms are involved. Based on this
approach, I describe three specific research questions. This is followed by a discussion
of two analytical categories that are the central research tools in the dissertation,
spatiality and temporality, and their advantages as common categories to bridge an
analysis of societal relations and the materiality of nature. Finally, I discuss the
relationship of my research to the biological sciences and their description of living
nature and present the research material.

Defining	
  Society	
  and	
  Nature	
  Methodologically	
  
In the work of scholars in the ‘societal nature relations’ approach, the term
‘relations’ is used in two senses: Most frequently in a relational sense, emphasizing the
inseparability of all societal processes from nature (e.g., “constitutive mediation of
societal processes with nature” (Brand and Görg, 2003: 16f.)); and also to refer to
particular societal nature relations (such as “post-Fordist nature societal relations”; or
“other nature society relations—like those of indigenous people in Mexico“ (Brand and
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Görg, 2003: 20; 211). However, the term ‘nature relations’ and its origins in the first
generation of the Frankfurt School clearly also alludes to the concept as used in Marxist
theory: In this tradition, ‘relations’ has been used to refer to a multiplicity of specific
social relations, including consumption relations, learning relations, gender relations,
production relations, etc. The latter understanding is useful for defining the intersection
of society and nature in empirical research because it is more specific than a more
general term such as ‘Fordist societal nature relations’ (cf. Brand, 2000: chapter 5).
Moreover, by focusing on particular relations, it is easier to analyze them historically
and comparatively.
To identify these more specific relations (or at lesser degree of abstraction: to
define the specific social processes) with respect to nature in a research context, the
‘priority of the object’ approach developed by Adorno (presented in Chapter 1) could be
used pragmatically as follows: For a given phenomenon—for example, malnutrition—
we can identify nature and social dimensions of the same material process. For
example, social dimensions of malnutrition might include agricultural production; lack
of access to food; poverty. And for each of these same societal processes, we can also
identify non-identical dimensions that pertain to the materiality of nature: the
reproduction of plants and animals; transformations of the human body in the absence
of food; land degradation, respectively. The point is that when specific societal points of
departure are made explicit, particular dimensions of the materiality of nature are also
illuminated. This creates non-identical ‘mirrors’ from which to ‘bounce off’ an inquiry
onto the non-identical material ‘other’.34
To illustrate this ‘non-identical’ relationship from the perspective of the
dissertation, consider the concrete example of production of maize, a grain/seed that
will play a prominent role in the following chapters. As a millennial practice of peasant
farmers in Mesoamerica, producing a crop of maize might begin with the farmer who
uses fire to clear a plot in the forest. With a stick, she makes an opening in the topsoil to
deposit the seeds of maize. Through the season, the farmer might come to the field
34

Another advantage of this procedure is that, through this back-and-forth process between social and
nature dimensions, the social ‘construction’ of the materiality of nature is made more explicit. Nature is
not defined in an absolute sense, but always from the perspective of a concrete, non-identical social
relation or process. For example, through this method, a biologist will make explicit the social point of
departure (practices, theories, assumptions, etc.) from which she approaches malnutrition. The same goes
for a social scientist and for that matter also for a farmer, a commercial plant breeder, a shaman, or
anyone else who relates to nature on particular social planes or dimensions and who can therefore make
these, and the particular understandings of nature that arise from them, explicit.
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periodically to remove a few weeds from the plot; sow beans to grow up the stalk of the
maize plant, thus supplying it with nutrients transformed by the bean plant; and grow
squash between the plants, maintaining soil moisture for the maize through the broad
leaves of the spreading vines. Finally, several months later she will come back to the
clearing and harvest fresh maize, leaving the majority of ears on the plants to dry as
grain and as seed for the following season. What is quickly evident in this brief sketch
is that, by and large, producing a maize crop also takes place through transformations
not carried out by the farmer herself. (Re)producing the crop is a process that is nonidentical to farming: From a seedling whose first leaf begins to transform gases from
the atmosphere and nutrients from the soil into a differentiated organism with a tall
stalk; to the growth of other types of leaves; to the formation of male and female
reproductive cells that come together to form the individual grains/seeds of maize: The
harvested grain (the product) is a non-identical dimension of the same materiality (the
seed; the plant).
Therefore, given my interest in the material transformation of plants as they
relate to society I focus on the nexus of agricultural production processes and relations
and their non-identical reproduction processes divided into the three research questions
presented earlier. This means taking the empirical process of overlap and making an
analytical distinction about what is a social process and what is not; defining how a
social process depends on a natural one and vice versa; or distinguishing exactly how
social processes do also transform the process of plant reproduction in the maize field
just described. The point is to make specifications about how social and nature
processes interact. The recognition that empirically, production and reproduction are
the same material process, but that to analyze them we must recognize how they are
non-identical, is the central fulcrum of my analysis in the following chapters. The
(re)production of malnutrition and the (re)production of a crop of maize are processes
created by interwoven layers of society and nature materiality that are empirically
inextricable. The advantage of the non-identical approach is to analytically tease out the
role of each.35

35

Throughout the dissertation I use ‘non-identical’ in two senses that should be clear from the particular
context. The first and most common follows its use by Adorno, as explained in Chapter 1: It is used to
make an analytic definition of a process that is not identical to its societal dimension, despite the fact that
it may be empirically indistinguishable. In addition, I also use ‘non-identical’ as sometimes used by
Christoph Görg, connoting a particular non-identical quality or a practice that deviates more from the
materiality of nature in comparison to some other quality or practice. For example, in Chapter 4, I
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In order to make these analytic distinctions, I organize the dissertation into the
following research questions: 1) what were the practices and/or strategies of those
interacting with and manipulating plants? That is, how was the transformation of plant
materiality achieved practically? 2) What were the qualitative transformations to the
materiality of plants? 3) How are these material qualities related to societal processes
and relations? Each question is asked for three different periods/practices: The
transformation of plants by peasant agriculture; by classical genetics; and by molecular
genetics. While the first two questions in particular may seem unusual for the social
science research, as the foregoing discussion suggests, the point is neither to give a
technical description of plant breeding, nor to analyze the technological development
associated with these practices. As the maize example above shows, when living
organisms are involved, processes that we assume to be societal ones are at the same
time constituted by a very different, non-social materiality. Thus, to understand how
nature and society relate to one another it is first necessary to make the qualities of
nature, and practices used to interact with nature intelligible according to the categories
described below.
Moreover, vis-à-vis the approaches to nature that centered on concepts such as
‘limits’ and ‘obstacles’ (cf. Chapter 1) this ‘negative’ or ‘non-identical’ approach has
various advantages: By defining the materiality of nature as the non-identical
counterpart of specific (i.e., historical) societal processes-relations, we see not rigid
nature barriers, but changing forms or material constellations that structure how societal
nature relations develop. These historical constellations may be modified, but just how
they are modified depends not only on the productive process, technology, etc., but also
on their material qualities that change from one crop to another. By looking at nonidentical dimensions of societal processes it is not easy to write off nature as ‘social’;
nor is it easy to ascribe definite limits to it — avoiding two tendencies of contemporary
approaches to nature, as discussed in Chapter 1. The sophistication of our analyses as
social scientists should be in shedding light on the dual process of societal
production/nature reproduction, on the various non-identical dimensions that can be
made more explicit and defined even more accurately.

describe how plants are re-defined by classical genetics in terms of discrete traits. I argue that this is a
concept and a practice that entails a greater ‘degree’ of non-identity vis-à-vis peasant practices with
plants; a greater degree of abstraction from the historical materiality of nature.
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And yet, in order to specify how exactly the materiality of nature has a bearing
upon social relations and vice versa, it is also necessary to go beyond a ‘negative’
definition of nature’s materiality. In other words, it is also necessary to define these
characteristics ‘positively’. But here a major question arises that is directly tied to the
earlier issue I left open at the end of the foregoing chapter: Whether, as Görg argued, to
“capture the particular logic of nature” we would have to carry out an analysis from the
perspective of the natural sciences (2009: 317). If we consider Görg’s proposition
seriously and return to the example of the maize plant, how would relying on the natural
sciences modify how we approach the materiality of the maize plant as part of the brief
sketch in which a few maize seeds are transformed into a crop?
We would already run into problems from the very start: To just what kind of
‘natural science’ would we appeal? Would we turn to plant breeders, who are likely to
be geneticists and would identify the clustering of genes associated with crop
domestication of maize and its characteristics under cultivation? But would we explain
this through classical genetics or would we take a molecular approach to ‘genes’? How
would we even define genes given their dissimilar meanings in these two fields? And
should we emphasize the metabolism of the plant as would a plant physiologist? Or take
an ecosystem perspective as emphasized in agroecology? Should we turn to an
evolutionary biologist who might make inferences about the previous whereabouts of
this plant in the last several thousand years of farming? And how would we deal with
the system of knowledge representation, in which parts of these sub-disciplines overlap
but also contradict one another? Even more importantly, how would we begin to make
sense of terminology that is foreign to social science vocabularies, to make a connection
back to social theory from terminologies as varied as those of ‘genes’, ‘alleles’, ‘plant
respiration’, ‘circadian rhythms’, ‘metabolic pathways’ or the ‘biosynthesis’ of
substances? On the other hand, to leave our analysis at the level of a non-identical
relation also has little analytical value, because we have defined that something is not
social but we have not defined how it is not social. Neither Görg’s proposition nor what
I have presented thus far contains concepts that can relate back to an analysis in the
social sciences.
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Spatiality	
  and	
  Temporality	
  as	
  Dimensions	
  of	
  Living	
  Nature	
  
In my analysis, I show that it is not necessary to carry out a study from the
perspective of the natural sciences to ‘capture the particular logic of nature’ (Görg).
With this position, I do not claim that the knowledge developed about nature in the
natural sciences is invalid or irrelevant to social science analysis, or that it is socially
contingent in the sense of a constructivist position that only distinguishes among
scientific discourses, etc. On the contrary: In the chapters ahead, large parts of the
analysis that I present would have been impossible without accepting certain
descriptions about the materiality of nature as proposed by agroecologists, by plant
breeders and molecular geneticists. The key issue is whether to grant the natural
sciences conceptual or analytical authority over the materiality that we study; versus
using the descriptions provided by the natural sciences reflexively and integrating them
selectively into our work. In the first instance, granting conceptual authority would
amount to accepting a description of the process in the maize field according to some of
the various frameworks and concepts of the natural sciences such as those mentioned in
the foregoing paragraph. In the second instance, it means developing concepts to
capture nature’s materiality that are intelligible to social theory, but allowing the natural
sciences to inform and further specify them.
I propose two concepts for capturing nature’s materiality in a general sense:
Spatiality and temporality.36 Spatial categories can capture important dimensions of
physical nature—such as its distribution, density, homogeneity or dispersal across
space. Temporal concepts are also necessary when dealing with living organisms such
as plants in which their constant transformation also requires conveying materiality both
as a process of change, and also as temporal patterns such as recurring cycles of various
‘rhythms’ and durations. As I will show, spatial and temporal categories open up new
possibilities in the sense that they delineate objects of study in a different light. For
example, when I started exploring these spatial and temporal categories I realized that a
seed can fruitfully be analyzed as a spatiotemporal form of a living process, consisting
of a break or hiatus in the evolving materiality of the plant, in a way that largely
36

I purposely use the more awkward ‘spatiality’ and ‘temporality’ rather than ‘space’ and ‘time’ to
emphasize that I am referring to a dimension of material nature as analytical terms and not as ontological
categories that would claim to encompass all dimensions of the materiality of nature. However, later on in
the text I do use ‘time’ and ‘space’ to avoid the burdensome ‘temporality’, etc., but still based on this
understanding that these are analytical categories that touch on one (among many other) dimension of the
materiality of living beings.
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structured how the plants could be manipulated by peasant farmers and later by
breeders. Understanding the material seed as a particular spatiotemporal form of a
perpetually changing process transformed the way I could analytically approach the
seed/plant, as I describe in Chapter 3.
Defining these spatiotemporal categories to capture the materiality of nature was
the result of asking how to conceptually bridge the materiality described by the natural
sciences with concepts that could also be appropriate to the social sciences. In this
process I observed that many of the papers and books in biology that dealt with
agricultural plants invoked a number of terms that had strong spatial (and to a lesser
extent, also temporal) connotations. Examples include the concept of ‘homozygosity’;
the concept of genetic or allelic ‘loci’; as well as various kinds of genetic ‘maps’ (I will
discuss these terms in Chapters 4 and 5), all of which form part of the conceptual basis
of the field of plant genetics. Moreover, the fact that genetics not only studies but also
plays a central role in the practical transformation of plants led me to explore the extent
to which not only the materiality of plants could be described with the terminology of
spatiality and temporality (research question two), but also the techniques that scientists
as farmers deployed in their transformation of plants could be regarded as
spatiotemporal strategies (research question 1).
On the other hand, in the social science literature I was confronted everywhere
with the terms ‘biodiversity’ and ‘diversity’. These also strongly suggested a spatial
material quality of variability that, however, remained unspecified: ‘Diversity’ and
‘diversity loss’, are ubiquitous in much of the social science literature on agricultural
plants, but as used, the notion of ‘diversity’ remains vague in the sense that it alludes to
a static or dual state (i.e., diverse/non-diverse); or may be used in a quantitative context,
meaning that we as social scientists cannot relate to it without an appropriate conceptual
framework for understanding how dramatic a change in diversity in an ecosystem from
5000 versus 500 versus 50 species really is, for example. By contrast, by ‘unpacking’
the term with the use of spatial and temporal concepts, I argue in Chapter 3 that
approaching the materiality of peasant seeds through the term ‘diversity’ is in fact a ‘red
herring’, because it denotes a spatiotemporal, global, scale that was not being created by
the practices of peasant farmers.
In the social sciences, temporal and spatial categories have been developed
especially in the field of human geography, where the focus is largely on the spatial
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dimensions of social relations, as well as on the relationship between the social and the
‘built environment,’ a term originally used by David Harvey to describe “a vast,
humanly created resource system” including “aqueducts, buildings… machinery […]”
(1982: 233). In geography, however, the emphasis has been more on the spatial rather
than the temporal dimension, and on non-living rather than living environments. By
contrast, my use of spatiotemporal categories explores the extent to which it is possible
to capture the more complex materiality of the living, and therefore temporally variable
‘environment’. To do so, some of the specifications that human geographers have made
to qualify spatiality are also useful for the qualities of nature that I want to convey here.
For example, to convey different qualities of space, geographers have distinguished
among absolute, relative and relational space.37 These specifications are also important
for my analysis, in particular as I describe scientific strategies to transform nature that
have relied on conceptualizations of living organisms as absolute spaces, i.e., as
materialities as if in the absence of time (time understood in the sense of process, as
well as in the sense of a historical structure); or that have transformed the materiality of
plants by taking advantage of the discrepancies in relative spatiotemporalities.
These observations led me to explore how the process of representing the
changes in the materiality of agricultural plants in terms of spatial and temporal
concepts—e.g., homogenization, multi-scalarity, concentration, overlap, acceleration,
cyclicality, historical and non-historical temporality— could reveal dimensions that
have remained intangible in social science analyses of nature. I have made these
categories a strategic part of my research, both as a methodological tool, as well as a
descriptive-analytical one, in addressing the three research questions presented at the
outset of the chapter. Regarding the first research question, 1) the terms allow a
comparison of changes in the living processes of plants relative to their prior
spatiotemporal characteristics; i.e., they can be used to define the general
characteristics of plant materiality in a given period comparatively. For example, in
Chapter 4 they allow me to analyze how the genetics-based transformations developed
37

Absolute space is defined in human geography as a space that exists independently of the entities that
constitute it (Massey, 1999: 262) or also as pre-existing, rigid and immovable (Harvey, 2006: 121).
Relative space connotes the fact that the spatial materiality that is being invoked is to be understood as
relative to some different kind of process, as “defined in terms of the entities ‘within’ it” (Massey,
1999:262) or space that is understood as a “relationship between objects which exists only because
objects exist and relate to each other” (Harvey 1973, cited in Harvey 2006: 121). Finally, relational space
is “constituted through the operation of social relations” (Massey, 1999: 262) or “can be said to exist only
insofar as [it] contain[s] and represent[s] within itself relationships to other [social relations]” (Harvey,
1973 cited in Harvey 2006:121).
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in the first half of the 20th century can be understood as primarily a process of
homogenization and creating repeating temporal cycles in a manner that contrasts
strongly with the spatiotemporal multidimensionality associated with the earlier peasant
reproduction of seeds analyzed in Chapter 3.38
For the second research question, 2) the two concepts are also useful in
describing the practices and/or strategies developed by farmers, breeders and
geneticists to transform the materiality of seeds. For example, geneticists’ reliance on
maps, computer simulations and on molecular models such as the famous ‘double helix’
in DNA are themselves reflections of the various temporal and spatial strategies that
were developed by scientists to understand (and more often, especially in biology, to
understand by transforming) nature’s materiality. Moreover, many of the technologies
that are used to study and transform dimensions of nature have important
spatiotemporal components in the sense that they allow us to perceive, define and move
across various spatiotemporal scales. In another context Wolfgang Haug has referred to
them as ‘translation technologies’ in the sense that they “jump with us […] to new
spaces and times of nature” by allowing us to perceive spatial dimensions that are very
large or very small; very fast or very slow and that therefore do not otherwise “exist for
us” (2001: 159). Thus, the spatiotemporal concepts are both tools that can describe
material differences, but also how plants were transformed, i.e., the practices/strategies
that farmers and scientists used to transform them.
The usefulness of spatiotemporal categories for analyzing both social
relations/practices as well as the material transformation of living organisms
underscores the most important reason for choosing spatial and temporal terms as key
concepts in this project, and is important to the third research question: 3) Their
usefulness in bridging the different materialities of society and nature, to specify how
the transformations in nature, understood as particular spatiotemporal qualities
became

integrated

into

social

processes.

Methodologically,

they

facilitate

understanding both productive and reproductive processes at a level of abstraction that
38

An interesting aspect of analyzing the transformation of nature using spatiotemporal categories is that,
in some respects, the approach is more challenging to use in analyzing the very multidimensional material
complexity of peasant seed ecosystems (discussed in Chapter 3), as compared to the scientific-industrial
breeding of seeds (Chapters 4 and 5). As I will show, an important aspect of the success of the scientific
breeding endeavor is related to the ability to abstract the plant from the complexity of the ecosystem.
These abstractions in the way that plants are conceived of are therefore more easily captured by the also
abstract spatiotemporal terminology of spatiality and temporality than are the multidimensional and more
complex peasant systems.

74

is high enough to discern or decouple differences that —empirically or practically, as
the earlier maize example showed—are difficult to separate. And at an analytical level,
moreover, they make possible distinctions that are not only ‘negative’ in the
methodological sense described above (maize as the non-identical process of
production, without further specification); but that render nature’s materiality
analytically accessible through a ‘positive’ description (e.g., the ripening of individual
maize plants in the field happens non-synchronously). Finally, they show its
relationship to the social process (e.g., the non-synchronous process of plant growth
allows farmers to have a long harvesting season). In other words, a common language
emerges as an ‘interface’ for describing where nature and social materiality ‘meet’ and
at the same time how they ‘meet differently’. At this interface it is possible to return to
the concept of non-identity as often used by Christoph Görg, i.e., not only as a
methodological process but also as a non-identical quality.
A further advantage of spatial and temporal categories, pertaining to all three
research questions, is that they allow 4) a differentiation across various scales, both
spatial and temporal, i.e., across a variety of relative dimensions of materiality, from
the highly-localized perspective and the very long periods involved in the development
of peasant seeds over thousands of years; to the very rapid transformation of seeds
through plant breeding at a global scale within the span of a few decades. As I will
argue, these scales should not be approached ontologically, i.e. should not be confused
with a fixed dimension such as seed, tree, forest, etc. This use of scalarity is not
different from the concept of scalarity in the field of human geography, defined not as
an ontological quality, but such that scales are ‘socially constituted’, in the sense that
they are the result of social practices (cf. Brenner, 2001; Wissen, 2008; Köhler, 2008b).
At the same time, it is an expansion of the term to underline the role of nature processes
in constituting these scalar processes; and it is also an expansion along the temporal
dimension that is so important in describing living organisms, but is less theorized in
Geography.39 This relative scalarity, both spatial and temporal, is an important element
in analyzing how the materiality of the plant can be transformed in qualitatively distinct
39

Analyses of scale in human geography, are, to my knowledge, generally confined to the dimension of
space. In some cases, however, I have noticed that in discussions of space, time and their materiality,
some geographers also speak of temporal scales (cf. Lane, 2001). This makes sense, because all
materiality I deal with here is more appropriately a process of spatiotemporality, rather than spatiality and
temporality as if these could be empirically separable, Massey (2003; 1999) or Lane (2001) have argued.
In analyses of living nature, the temporal dimension is crucial to capturing a perpetually changing
spatiality.
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ways, depending on whether its materiality may be stabilized (or not) along certain
scalar patterns in time and space, relative to other processes in nature and society.
5) Identifying possible spatiotemporal stabilizations of nature’s materiality as it
intersects with social processes is another advantage of the spatiotemporal framework.
My interest in addressing the issue of material stabilization comes from the contention
of the Regulation Approach that it is possible to conceive of a regulation of societal
nature relations, analogously to the process of social-institutional stability postulated for
societal relations. As discussed in Chapter 1, Regulation theorists have suggested but
not explicitly addressed whether the distinct materiality of nature can be the object of
regularization in a similar fashion as labor markets, social conflicts, policies developed
by institutions, etc. But while my attention to stabilization seeks to make a link to this
issue, I do not address it systematically. While I identify processes of stabilization (or
point to others where I do not see stabilization taking place) throughout the analysis, I
will not address whether this would constitute a process of regularization as understood
by Regulation, but will come back to the issue briefly in the conclusion.
Defining both, the reproductive processes of plants and the productive social
processes using spatiotemporal categories also means that, on the social dimension, it is
possible to capture the ‘relevance’ of the non-identical material processes of nature as
living, transformative powers, or simply as productive forces. Again, here I do not use
‘productive forces’ in the context of valorization/labor productivity but as a material
quality that is productive in the sense of a transformation of material nature; and that
can be useful and productive, but also destructive.40 Defining the living processes of
plants, now made ‘tangible’ to social analysis through the spatiotemporal categories, as
productive forces is therefore important in 6) addressing not just how the living
materiality of nature becomes part of the social process, but also how this materiality is
important or useful.

40

While I could have chosen a different term such as ‘living power’, ‘transformative power’, and so on, I
purposefully use the Marxist ‘productive force’ for various reasons. First, despite the fact that my goal is
to show how ‘productive forces’ also has a material, use-value dimension, it can of course also be related
to increasing labor productivity, but with a focus not on the ‘technology side’ but on the materiality that
this productivity also depends on. Marx noticed this also, referring to the “natural basis of surplus value”
or the “natural [naturwüchsig] productivity of labor” (MEW 23: 534). For Marx, this includes the
physical needs of the worker in terms of food that is itself related to the fertility of the soil (535), but also
the intensity of labor (534). Moreover, at various points in my analysis I also want to make direct
reference to how these material differences can become not only productive but also destructive forces, a
term also used by Marx.

76

It is clear that the various dimensions of spatiality and temporality cannot claim
to capture all of the multiple qualitative dimensions of the materiality of nature, as is
true of every conceptual approach, whether in the social or the natural sciences. For
example, while I show in Chapter 4 how traditional plant breeding created a great
degree of homogeneity in the plants on many levels—including the plants as compared
to one another, the homogeneity of fields, the timing at which they grow, and even the
composition of the starch molecules they produce—it is impossible to capture other
important changes associated with this transformation, such as the loss of nutritional
qualities (cf. Davis, 2004; 2011) with the same spatiotemporal framework.
Nevertheless, the central advantage of the spatiotemporal approach in this project
remains that spatiality and temporality are basic dimensions of any material substance at
a high degree of abstraction, making the approach suitable for bridging materiality
across disciplinary divides.

Relationship to the Biological Sciences
An important issue about the methodological framework just described is how it
claims to represent the materiality of nature in relation to the biological sciences. The
general framework just presented remains a social science approach with an enlarged
field of view that reaches towards the materiality of nature through the spatiotemporal
concepts as just presented. It does not seek to answer basic questions about the ontology
of nature or of plants and their ecosystems, for example, but specific questions
regarding the relationship of the materiality of nature and social relations (i.e., the three
research questions presented above). Nevertheless, there are many parts of the research
that do engage with descriptions of nature via the biological sciences. They include a)
the research material itself, which, as described at the end of the chapter, consists
largely of documents from the natural sciences; b) technical information, e.g., about the
life processes of plants or about the techniques used to transform plants; and c) in some
cases, explicitly applying the interpretative framework of the biological sciences for
specific issues. I discuss each of these in turn.
Regarding a) the fact that most of my primary research material stems from the
biological sciences: Working with the papers of biology and breeding has various
advantages to my research goal of understanding how nature’s materiality has been
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transformed. This is because the experimental approach in modern biology almost
always relies on creating experimentally defined transformations of the organisms it
studies (I will discuss this in greater detail in Chapters 4 and 5). This means that these
documents provide a window into an experimental process that shows not only material
changes but also how their transformation was accomplished.
Regarding b) the biological sciences providing technical information: There are
many instances in which I rely on the biological sciences for knowledge to understand
and describe the life processes of the plants (or cells, or ecosystems); or about how they
are transformed. Examples of this type of information include the mechanisms through
which the maize plant is fertilized; how many years ago specific crops were
domesticated; or the various methods for transferring DNA molecules across cells. In
these cases, I accept these explanations, but I do not simply take over the conceptual
framework of biology. For example, I avoid terms such as ‘genes’ except in the sense of
explaining the concepts with which plant scientists understood the term and what it
meant. Instead, I approach this material by ‘translating’ it into the spatiotemporal
framework just described but interpreting it from the perspective of social theory—i.e.,
as part of historical processes and in the context of the materiality of societal relations
rather than from the perspective of genetics, ecology, and so on.
Finally, c) in a few instances, I do explicitly accept the interpretative framework
of the biological sciences such as in the following example. In the material history of
the earth, the appearance of multicellular plant organisms was a ‘quick’ process that
took place over a period of 30 to 40 million years, 600 million years ago. To
evolutionary biologists this is considered a “blink of the eye in geological time” but at
the same time was a major structuring process that has since defined life on earth to a
large extent. (Perfecto et al., 2009: 12f.).41 But just what does this time scale mean in
the context of this dissertation? Tens of millions of years may seem intuitively
impressive, but in the social sciences we have no point of reference for appreciating the
meaning of such a temporal frame. From the point of view of social history and social
theory, such a scale is unintelligible, a challenge to the goal of capturing nature’s
materiality as dimensions of time and space. One possibility would be to make
41

While 600 million years ago refers to the development of multicellular organisms, some of the life
processes of plants are far older. For example, the process of transforming energy from the sun into plant
starches (photosynthesis) evolved ca. 3 billion years ago. It transformed not only living organisms but
also their environment, creating an atmosphere abundant in oxygen.
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reference to these temporal dimensions as appealing to our common sense of something
that happened ‘a very long time ago’ and begin from the somewhat more manageable
dimensions of peasant societies’ use of seeds, bringing us forward to only several
thousand of years ago.42 But while this is millions of years closer to the time scale of
anthropology and social history, eight thousand years is still too large a dimension from
the point of view of many social theories. More importantly, ignoring the longer
temporal frame is dissatisfactory, because evolutionary biology conveys the idea that
this time frame has had an important structuring effect, i.e., that there are also material
structures in nature, creating distinctive and repeating patterns in the living cycles of
plant and animal organisms.
To contextualize my research in this framework, I accept the interpretation of
evolutionary biology that this time-frame strongly structured the materiality of nature.
At the same time, my assumption is also that it is not necessarily important to find a
measure of commensurability between the tens of millions of years and the few
thousands of years of peasant agriculture, but that time must be approached differently:
The transformation of nature’s materiality cannot only be appreciated in the manner we
usually conceive of time, i.e., as a ‘passing’ of sequences in which the more time
sequences, the more significant a process is. For example, the transformative processes I
describe in Chapter 4 took place over just a few decades, and yet radically transformed
the peasant plant materiality created over 10,000 years; likewise, molecular engineering
in plants is also altering processes that are millions of years old. These newer
transformations are also a ‘blink of the eye’. The important question in the context of
this project is how space and time can be ‘stretched’. The issue is therefore not only the
passing of time in and of itself, but especially to consider temporality in the sense of
history, a relational quality among plants within an ecosystem, including human
societies and societal relations in which all elements (natural and social processes)
contribute to reproducing the materiality of plants across different dimensional planes
and across different spatiotemporal scales. Thus, in the analysis ahead, the analytic
temporal (and spatial) distinctions are usually relational, as opposed to absolute:
Relational with respect to the different materialities in the ecosystems and social

42

Exactly how many thousand years depends on when particular crops began to be cultivated. Studies
have tended to push back the dates as more evidence is found. In the case of maize, evidence reaches as
far back as 8,700 years ago in present-day Mexico (Piperno et al., 2009). On the other hand, sunflowers
were, also domesticated in the same area only 2,600 years ago (Lentz et al., 2008).
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processes I describe. In this sense, I do not have to know what 600 million years ago
really means ‘for’ social theory, but I accept the assumptions regarding it as an
important structure in the context of my analysis and make comparisons between time
scales and in that sense the ‘compression’ of time created when these structures are
transformed.

Materiality in the Context of Production
I now turn briefly to the research approach for the third goal of defining the
relationship between the material qualities of the plants and their insertion into social
processes and social relations. Above, I have already discussed why I narrowed down
my definition of social processes and social relations, encompassing only production as
a non-identical dimension of reproduction. Yet ‘production processes’ is still very
broad. To define the specific processes I wanted to focus on, I first defined the
particular characteristics of the materiality of plants and approached the specific
production processes according to the ‘negative’ approach described at the beginning of
this chapter. Second, I also relied on existing theories for contextualizing production in
each period, including Regulation theory and in particular a related approach known as
Food Regimes.
The Food Regimes perspective, which I introduce in greater detail in Chapters 3
and 4, was useful in this regard because it contextualizes the role of food production as
part of a larger process of institutional changes and transformations in capital
accumulation patterns from ca. 1870 to the present (cf. Friedmann and McMichael,
1989; Campbell and Dixon, 2009). The framework of Food Regimes is particularly
useful in defining agricultural production during the period of the transition from
peasant plant reproduction to scientific breeding in the late 19th to early 20th centuries;
and again for defining the central characteristics of the production at the height of the
transformation of agriculture in the United States and Europe during the peak of
Fordism. Although this scholarship deals neither with plant breeding nor with the
materiality of plants, its particular focus on food (which can be interpreted a nonidentical dimension of domestic plants and animals) was a good basis for identifying
how the material transformations of the plants that I described could fit into the
framework of production in these two periods.
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For each of the three periods studied, I define a production process that I review
in each of the three research chapters. In Chapter 3, I focus on wheat production in the
United States, analyzing how the materiality of peasant crops was used to provide a key
commodity on the world market, and showing that the materiality of peasant seeds was
essential to (re)producing food in this period in ways that have not been considered by
Food Regime scholars. In Chapter 4, I look at how the homogenization of plants
through classical genetics breeding was used by the ‘wet-milling’ (starch) industry in
the United States for the production of standardized starch particles useful as both food
and non-food input-based production at the height of the Fordist period. Finally, in
Chapter 5, I focus on the production of food and non-food inputs using unicellular
organisms rather than crops and highlighting their significance not only as a source of
new use-values but also their role as productive forces in industrial processing. I argue
that these transformations are more significant than those of ‘genetically modified’
crops–at least from the perspective of production rather than reproduction.
My focus on transformations in productive processes is different from most
analyses that have dealt with production in agriculture because the latter generally focus
on the process of valorization, i.e., the transformation of value, rather than on the
material process itself. By contrast, my focus on production is the process of
transforming material nature (e.g. transforming the maize grains into ethanol), and not
on the process of value creation (e.g. the valorization of ethanol). In each of the three
chapters, I will also identify how Regulation and Food Regimes analyses could be
expanded on by taking into account the material-transformative aspects of production.

Research	
  Material	
  
Given the three broad periods I study, I base my research on the many available
documents produced by those involved in the transformation of plants, analyzing and
interpreting them according to the spatiotemporal framework just discussed. These
documents are appropriate for addressing each of the three research questions:
Characterizing the qualitative changes to the plants themselves; the strategies used to
transform the plants; and the significance of these qualities as part of societal processes
and relations. This document-based approach is most useful for the second and third
periods studied, classical and molecular genetics, because numerous scientific papers
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have systematically described both, the research strategies and transformations carried
out by breeders and geneticists, as well as the transformations of the plants themselves.
By contrast, primary documents are not available for the first period on peasant
seeds. For this first period, therefore, I have relied on contemporary secondary studies
in archaeobotany, evolutionary biology, history and anthropology. These fields have
reconstructed processes and qualities of how seeds and plants were used by peasants
and have documented the transition between non-farming and farming in terms of
changes in social practices with plants, as well as changes to the plants themselves. In
particular, the field of agroecology can be described as a field that has systematized
many of the practices and knowledge associated with peasant agriculture. Some
agroecologists explicitly highlight the role of farmers in these processes, thus providing
some insights into the ways that farmers work with plants and how they reproduce
them. For this first period on peasant agriculture, I also rely on interviews with
contemporary peasant farmer experts on seeds. While it may seem methodologically
questionable to include contemporary practices of seed reproduction as research
material on the historical practices of peasant farmers, I consider it a valid assumption.
This is because the central material characteristics of peasant seeds that have been
recognized by scientists coincide with the materiality reproduced by peasant farmers
today. This suggests that it is a fair assumption that the reproduction practices of today
closely resemble those of peasant farmers in earlier periods, despite other differences
between peasant societies then and now, as well as the heterogeneity among peasant
societies in general.
The primary materials consist largely of papers published in the natural sciences.
These are not only limited to published papers in science, but also include breeding
textbooks and handbooks; proceedings from meetings of geneticists or professional
meetings such as those of plant breeders or industrial associations (e.g., the US Corn
Starch Refiners’ Association) or government documents, in particular the Agricultural
Yearbooks published by the US Department of Agriculture since the late 19th century.
In addition, there is a larger body of documents that I consider as an ensemble rather
than as individual documents. Although all of these documents are primary research
materials, I distinguish between the smaller group of documents I reviewed more
systematically, and the larger literature I review as an ensemble by listing them
separately in the References section.
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The choice of the papers was in some cases based on identifying key
experiments that illustrate new practices in reproducing plants (e.g., Gregor Mendel’s
1865 paper on self-fertilizing and crossing pea plants). In other cases the papers were
chosen that did not directly deal with the transformation of plants, but that made explicit
the types of new material qualities being sought by the scientists, as well as the
approaches they used to transform nature more generally (e.g., awards given to farmers
in the late 19th century for what was considered to be a new material ideal of the crops
they grew; or the 1961 experiment by Matthaei and Nirenberg that shows how the
sequential order of the DNA ‘building blocks’ could be ascertained experimentally).
Wherever possible, the documents chosen focus on the maize plant. The maize plant has
been important to all periods studied and creates some continuity as part of an account
that does not focus continuously on a single geographic area.43 Moreover, reflecting its
cultural and economic significance, maize is one of the best-researched crops, meaning
that literature on maize is abundant. In some cases, however, other crops lend
themselves better to studying particular processes, or provide interesting comparisons to
maize. For example, in Chapter 3 I discuss wheat reproduction in the late 19th century
given its importance for this period; and in Chapter 5 an interesting contrast to the
molecular transformation of maize is not another crop, but single-celled organisms like
bacteria or yeast.
The primary documents span a broad period from the late 18th century texts
describing some of the first experimental plant crosses to recent papers published in
molecular engineering. The documents that I use to study a given period (defined by
changes in the actual practices that transformed plants) do not pertain strictly to that
period. For example, to study the period of breeding in classical genetics from ca. 1900
onwards, I reviewed documents as far back as the 18th century; and, to study the
transformation of plants through molecular engineering beginning in the early to mid1980s, the documents I review include developments going back to the late 19th and
early 20th centuries. This reflects the fact that the transitions from one type of
materiality to another are not clear-cut, despite my separation of each period into each
of the three research chapters (Chapters 3, 4 and 5).
43

Maize has been an important staple crop not only in the Americas where it has been grown by peasants
for millennia and remains closely tied to many local cultures there, but since the 16th century, maize has
become a major peasant crop also in many parts of Africa, as well as parts of Asia and Europe, as I
describe in Chapter 3. And since the early 20th century, maize also became an industrial favorite and one
of the major spotlights of molecular research (Chapter 4; Chapter 5).
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Approaching the papers in the biological sciences required acquiring some basic
contextual knowledge of the fields in their own terms in order to interpret them
according to the framework outlined above. This was a challenging step as a social
scientist without a background in biology. In preparation, I studied the history of
genetics, both molecular and classical, an area that has been written about extensively
by historians and philosophers of science. In addition, I also studied some of the basic
premises of the biological sciences that are related to plants, including plant physiology
(describing the basic mechanisms of how plants function and grow); botany and
ethnobotany, describing the origin and relationship of plants to one another and to the
societies that have used them; and the basic premises of genetics and molecular genetics
by relying on textbooks and similar materials.
Finally, to complement the document-based materials I carried out some
interviews with experts on seeds and agricultural crops. With the exception of the
interviews carried out with peasant farmers on the practices of seed reproduction in
Chapter 3, these interviews were not central to my analysis as were the documents
described above. However, they were important in the sense of providing additional
information, clarifying my questions or clarifying questions that helped me to gain a
better understanding of the primary documents I was analyzing. These include five
interviews with peasant farmers who reproduce seeds or are experts on peasant seeds;
six interviews with experts in the area of plant breeding or experts of plant genetic
resources; and one interview with an industry representative.
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3. A Brief Hiatus in Space and Time

Training is everything. The peach was once
a bitter almond; cauliflower is nothing but
cabbage with a college education.
Mark Twain (1894)

	
  
Introduction	
  
This chapter discusses how a distinctively peasant way of reproducing nature
emerged ca. 10,000 years ago, remaining the only practice for reproducing agricultural
plants until the late 19th century. The seed, understood as a unique form of the living
plant, will be a central focus of the chapter. I will show how it became a ‘fulcrum’ for
the transformation of agriculture, creating a hiatus in space and time of an otherwise
constantly changing materiality. Through seeds, a process of differentiation from nature
was created, distinguishing reproduction from the transformation of nature to produce
new use-values, i.e., production. The clearest material expression of this process of
differentiation was the creation of hundreds of thousands of local peasant varieties
specific to particular agroecosystems.
From the 16th century onward, I discuss a global process in which seeds were
taken out of peasant production systems and inserted productively into other contexts,
from colonial plantations to the industrialization of United States agriculture in the 19th
century. I show that while it is the peasant qualities of the seeds that ‘powered’ these
non-peasant contexts, the reproduction of agriculture through seeds eventually became a
limiting materiality, as many groups sought to rationalize agricultural production by
seeking out new material qualities. I contextualize this period with the help of Food
Regimes scholarship, taking the example of wheat production in the late 19th century
United States to show that many of the material transformations in production that Food
Regimes scholars have seen as characteristic of the period in fact depend on a material
transformation of nature that has not been considered.
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What	
  is	
  a	
  Seed?	
  
For millions of years, seeds have been central to how the vast majority of plants
reproduce, but this was not always the case. The earliest plants that lived on water, and
later the mosses and ferns on land, did not produce seeds. But ca. 319 million years ago,
when female plant cells were fertilized, the development of the plant embryo was
sometimes interrupted through the formation of a seed (cf. Dickie and Stuppy, n.d.;
Ames, 1963: 4; cf. also Dilcher, 2000). Through the seed, the development of the
organism stopped, resulting in a spatiotemporal break in the life of the plant. A seed is a
particular form of a plant in its life process, embodying a spatiotemporal hiatus in its
perpetually changing materiality. This spatiotemporal pause between the embryo and
the plant into which it will germinate can last as little as a few days as in coastal
mangrove trees; a few months or years in the case of most cultivated crops; and in the
case of wild lotus seeds, as long as several hundred years (Nabhan, 1989: xxi;
Kozlowski and Gunn, 1972: Chapter 1).44
What is interesting about this pause is that it permits a great degree of
spatiotemporal variability in how the plant continues to develop: The seed form allows
for changes in temporality—for example, when the seed embryo is formed with the
onset of autumn or a dry season, the plant organism can remain in this seedy hiatus until
the frost is gone or until there is again enough humidity for germination. And it is a
materiality that allows for changes in spatiality— packed up in its protective coating45
and in the midst of a developmental break, the plant embryo is in a material form that is
opportune for mobility, something few plants can do once they germinate and take root
in the soil. In the form of a seed, this spatiotemporally agile organism can ‘travel’
considerable distances—by wind, through the stream of rivers; on the fur of animals; or
by passing through their guts. Germinating in new soils, amidst new flora and fauna and
in new climatic conditions, spatiotemporal variability continues to increase as the

44

Defining a seed as a material form of a plant has implications for the terminology I use. In this chapter,
emphasizing ‘seeds’ is important because this particular form of plants is central to their reproduction as
part of peasant relations. In other chapters, seeds are no longer the point of intervention for transforming
the materiality of the plant, and I generally refer to the materiality of ‘plants’ rather than of ‘seeds’. In
other cases, this distinction is less important (breeding plants or breeding seeds, for example). This should
be clear from the context of the discussion.
45
The first seeds in fact lacked an outer protective coating, exemplified today by the few still-existing
gymnosperms (or literally ‘naked seeds’) of pine, fir or ginkgo trees (Leubner, 2000). But since then far
more common and widespread than naked seeds have been the angiosperms (appearing 192 million years
ago), seeds with a protective coating common to all flowering plants, including agricultural crops.

86

organism becomes part of new climates and new ecosystems with other plants, fungi or
animals.
Within the framework of this dissertation, the spatiotemporal break embodied in
the seed form is an important element in shaping the materiality of agricultural plants
and how it has been transformed. Fast-forwarding to a mere several thousand years ago,
the seed form—by then 200 million years old among flowering plants—was crucial in
allowing hunting-gathering groups to radically modify not only the materiality of the
plants themselves; but also to transform their own nature societal relations. To
appreciate the importance of the seed form in this process, it is useful to consider the
relationship of pre-agricultural or ‘hunter-gathering’ societies with plants and seeds.
Hunter-gathering groups interacted with seeds extensively as one of their main sources
of food (Stock and Pinhasi, 2011), but in a very different manner than would
agriculturalists later on. As the name suggests, hunter-gatherers relied primarily on
gathering plants as opposed to actively reproducing them. These societies have been
described as ‘professional botanists’, given their mastery of a livelihood that depends
entirely on their knowledge and use of a wide variety of nature materialities in order to
eat, obtain fibers for building and clothing, plants for dyes and medicines, and extract
poisons or other substances for religious ceremonies, etc. (Fowler and Mooney, 1990:
7).
For my analysis, what is most significant about hunter-gatherers’ interaction
with plants is that, relative to agriculture, it entailed only small spatiotemporal
differences between their use of plants and the materiality of the latter: To eat, gatherers
closely followed the life-cycles of the plants around them, migrating constantly to the
areas where the plants grew; eating the parts of the plant as they matured, including the
leaves and roots; and later in the plants’ development, also the seeds, i.e., the nuts,
berries, grains or fruits (cf. Harlan, 1992: Chapter 2). Plants were gathered and animals
hunted ‘as is’, meaning that there was almost no spatiotemporal difference between the
beginning and end of ‘production’ as there would be later in agriculture with sowing
and harvesting. Whether their activity can even be considered production is
questionable, given the fact that there is so much spatiotemporal overlap with the
reproduction of nature that was used to satisfy virtually all needs, but hardly produced,
i.e., hardly transformed.
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Gatherers harvested roots, tubers, and bulbs such as wild onions; legumes and
seeds such as wild rice; wild avocados, coconuts, nuts and berries of many kinds; wild
squashes, wild tomatoes, wild physalis, and other tens of thousands of plants that were
used for food, medicines and cultural practices (cf. Harlan, 1992: 14ff.). One way of
expressing the high degree of material identity between ‘producing’ through gathering
and plant reproduction is the correlation between the number of plants collected and the
different uses given to the plants. In North America alone, it has been estimated that the
numbers of plants gathered by non-agricultural groups includes slightly over one
thousand different plants (Nabhan and Felger, cited in Fowler and Mooney, 1990: 6).46
At a global scale, estimates are that 30,000 different plants have ever been used for
food, in contrast to the 7,000 species ever cultivated as crops (cf. Khoshbakht and
Hammer, 2008; FAO, 1997: 14, citing Wilson, 1988). While the 30,000 figure refers to
“edible species” (FAO 1997: 14), it seems that the 7,000 figure also includes non-edible
but cultivated species used for non-food purposes—such as medicines, dyes, fabrics,
etc., making the difference even greater. Small and Catling (2008: 4) have more
recently estimated that the number of cultivated species (without specifying food or
other use) to be at only 3,000. The larger differences between the number of plants used
and the much larger number of uses of each plant reflects the fact that the use-value
qualities of the crops were now modified and multiplied by the transforming labor of
peasant farmers.
The very usefulness or productivity of the gathering livelihood was its high
degree of overlap with the myriad material qualities of wild plants. Indeed, the literature
suggests that the strong material overlap had many advantages in terms of the wellbeing of gathering societies. For example, it has been frequently argued that preagricultural or hunting-gathering societies had better health and suffered far less from
famines than the later agricultural societies who relied on far fewer cultivated species
(cf. Stock and Pinhasi, 2011: 3). Some have even characterized this non-agricultural
period as a ‘golden age’ in terms of human-social wellbeing as a result of a more
diverse diet (Bruno, 2009; Lambert, 2009). At the same time, a large material overlap
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Wherever I use the term ‘North America’ I refer to what is today the northernmost part of Mexico, the
United States and Canada. To refer to the rest of present-day Mexico and Central America, I use
‘Mesoamerica’. This distinction makes more sense in terms of the spatial spread of cultivated crops, for
which there are important differences between North- and Mesoamerica.
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did not mean a quasi-identity with nature.47 Hunter-gatherers modified the material
nature around them by encouraging certain kinds of vegetation through periodical fires
(Murphy, 2007a: 30ff.); by flooding forests to attract birds associated with certain
flood-plants; by constructing irrigation systems (Harlan, 1992: 22); by systematically
removing plants that competed with those they gathered (ibid., 67); or by transplanting
wild crops such as tree seedlings or tubers to another location that was preferable to
them (Murphy, 2007a: 30ff.). But even as they constantly interacted with the seeds that
grew better after these floods or the irrigation systems they built, what gathering groups
did not do was to sow seeds. In other words, gatherers did not intervene in how seeds
reproduced.
	
  
Seed	
  Selection	
  and	
  the	
  Materiality	
  of	
  Peasant	
  Seeds	
  
Whether seeds were sown, rather than only gathered, is crucial because sowing
is the key practice that transformed, through spatial and temporal differences, the
materiality of the plant and its living development to a far greater extent. Intervening at
the seed form through the practice of sowing seeds gave the new peasant farmers
material ‘leverage’ in shaping the materiality of nature in time and space. When seeds
were not only gathered but also reproduced, the same spatiotemporal hiatus that allowed
wild seeds to expand across space as they traveled to new environments through winds,
rivers, guts or furs, was also a productive quality that became available to the peasant
farmers. No longer did sunlight, temperature, rainfall, winds and the habits of animals,
alone determine where the seed was taken and when it germinated and continued in its
development. Now, peasant farmers intervened in the material framework of how, when
and where the seed embryo moved in space and eventually took root in a location of
their choosing. Farmers might decide just how long to wait from harvest to sowing; they
could determine which among all seeds of the plants to sow; and whether the seeds
would be taken to a new locality, perhaps far from the area where they had been
harvested. The small size, relative to humans, of (most) seeds (for there are also
coconuts) made this viable, as did the protective capsule that could keep the embryo
protected for longer periods of time and allow it to pass easily among many hands.
47

Throughout the dissertation, I am only capturing identity (or non-identity) in terms of spatial and
temporal dimensions. There may of course be other qualities of nature’s materiality to consider that
cannot be captured by my framework. Theoretically, a total identity would obviate the need for the
categories of ‘nature’ and ‘society’.
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Intervention at the seed form is usually described as the selection of seeds. This
is the standard term used in textbooks on plant genetics (Simmonds, 1979; Copeland
and McDonald, 2001); in books on the history of agricultural crops, regardless of the
authors’ disciplinary background (Harlan, 1979; Kingsbury, 2009; Murphy, 2007a); as
well as in practical books on seed reproduction (cf. Réseau Semences Paysannes, 2009).
‘Selection’ highlights not the process of how a seed is sown, but pertains to the
practices with seeds after harvesting them, the action of selecting which seeds of the
plants will continue to be reproduced (and indirectly, those that will not). The term
refers therefore to the process of choosing certain plants over others. Sometimes,
‘artificial’ selection is the term used for agricultural seeds in contrast to the Darwinian
concept of ‘natural’ selection (cf. Simmonds, 1979: 14ff.).
In the literature on seeds, the term ‘selection’ is used in a way that tends to
strongly emphasize change across time as marked by new life cycles. For example,
selection is described “as the result of conscious decision by the farmer […] to keep the
progeny of this or that parent in preference to others” (Simmonds, 1979: 15; emphasis
added); or it is defined as “preserv[ing] … the most valuable individuals, and us[ing]
them for creating the next generation” (Zohary, 2004: 5; emphasis added). However,
this is incomplete because, as all descriptions of the evolution of crop plants and of the
practices of peasant farmers make clear, the reproduction of plants in the hands of
peasants also entailed the movement of plants from one location to another across
space, allowing them to adapt to new environments (cf. Harlan, 1992: 124f; Heistinger,
2003: 20f.; Nabhan, 2009; Pickersgill, 2007). As I will show in this chapter, the
movement of seeds across space is inseparable from the process of selection and is
essential to understanding the practices that reproduced a particular kind of peasant
materiality.48
Consider, for example, the wild cabbage growing on a rocky coastal hillside
whose seeds were taken for sowing elsewhere rather than only gathering the wild
48

The lack of attention to a change in space is likely related to a contemporary way of relating to the
seed/plant. This view would reflect, especially, the modern notion of heredity (cf. Chapter 4), as a
discrete movement of particular qualities in time across generations, understood independently of
(spatial) dimensions such as the ecosystem (see below) of which the seed is a part, or even other material
dimensions of the plant organism itself. However, as I show below, it is important to also emphasize
various spatial dimensions because they are central to what made the materiality of seeds so productive,
both for peasants and even later for non-peasants. When I use the term ‘selection’ from here on as a
shorthand way of referring to the practice of farmers, in addition to the temporal dimension I also imply
selection to mean a movement in space, and will often emphasize this dimension in particular.
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cabbage to eat. Selection is the process of choosing the seeds from particular wild
cabbages and sowing them again. Peasants select among plants (perhaps on the basis of
how they tasted, how big they were or how well they grew away from the rocky hillside
when put into their garden), from one generation to another across time (cf. Heistinger,
20ff.). But as this description already shows, selection also involved a movement across
space, however small, from the original environment in which the crop grew, to the new
farming environment. Moreover, the process of selection always depended on a
concrete space or environment, i.e., a farmers’ field, plot, garden, etc., and as I discuss
below, reproduction of seeds and the practice of farming was necessarily an intervention
into the entire materiality of an ecosystem and the materiality of other living organisms.
In that sense, there is no change in time without a movement in space. Selection is
therefore not simply a temporally-defined lineage of plants as is so often emphasized by
the plant breeding literature, but a change in the entire materiality of which the
seed/plant is a part. And as I discuss below, it is especially a change that is productive
by taking advantage of material discrepancies in space and time. Through
spatiotemporal changes (in the case of cabbage, its wanderings through the European
continent) the material transformation of the wild cabbage is striking: A stringy, small,
plant developed into the wide variety of crops that include broccoli, cauliflower, many
different types of larger cabbages, kale, romanesco, kohlrabi, Brussels sprouts, savoy,
and Chinese kale (cf. Figure 3.1).
Figure 3.1: Spatial Variation and Peasant Seed
Selection
Romanesco cauliflower, shown on the right, is
one result of peasant selection of the seeds of the
wild cabbage, shown on the left. This is a striking
illustration of Mark Twain’s observation in the
epigraph of the chapter that “cauliflower is
nothing but cabbage with the college education.”
The bottom sketch shows other spatial patterns
that resulted from selection of the original wild
cabbage.
Image sources: Wikipedia; Wikipedia/ Richard
Bartz, creative commons; and Heistinger, 2003.

Such spatiotemporal variation was created by moving seed from one place to
another; by slightly changing the environment in which the seed was now sown; and/or
by selecting among any new forms of plants that a farmer found in her field: Farmers
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could change how early or late a seed would be planted; whether a variety of millet was
sown in higher or lower altitudes; whether pollination at certain times allowed the seeds
of their crops to interbreed with their wild relatives, as is done with maize in
Mesoamerica; whether to grow a crop such as parsley to emphasize its leaves or rather
its root; whether to grow squash for the quality of the seeds to be roasted or pressed for
oil, rather than the fruit flesh; whether to reduce the moisture that rice grew in to shorten
maturation time, and so on. This unfolding of material variation entails selecting the
plants that will continue to reproduce in time; and moving the seeds across space to new
environments that can be meters or kilometers away. The variations in space and time
that farmers can leverage given the seed form seem to be endless. From one season to
another they are rather small differences, but over many short runs their materiality is
transformed considerably, creating tens of thousands of different peasant varieties of
each type of crop, as I discuss below.
The rationale for the type of selection (i.e., choosing the seeds, when to sow
them; and where/how to situate them spatially) can be as varied as the needs of the
people selecting/reproducing seed and the variation in the places they live. For example,
Jack Harlan, considered one of the great experts on cultivated crops in the 20th century,
describes a farmer in Africa who at harvest selects his sorghum seed in the field,
consistently choosing the seed for the following season among ‘crook necked plants’.
To Harlan’s surprise, the reason these oddly twisted heads of grain are chosen is that,
given their shape, the sorghum seed heads are easier to hang from the roof of the
farmer’s house where they are kept until planting in the following season (Harlan,
1992:148).49 There are many localized societal relations that influence how seeds are
selected. When I spoke to a contemporary expert of peasant wheat varieties, he told me
that “selecting seeds is something we do because we know the soil [terroir] where we
farm and because I know who I am farming for. If I farmed elsewhere, I would have to
consider the new terroir in selecting the wheat that I grow” (personal information,
2012). In Mexico a peasant maize farmer said that the maize he selects depends also on
how he expects the weather to be in the following growing season, depending on the
types of animals and insects he observes in the fields (personal information, 2011).

49

Across the world, it is a common practice to store seeds by hanging them from the roof in the house
above the hearth. The smoke and soot from cooking is a deterrent to pests who might harm (eat) the seed.
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Through intervention at the seed form through selection, the distinction between
the processes of societal production and plant reproduction is much clearer than it was
in hunter-gatherers’ practices with plants. There is a clear participation in reproducing
the new material qualities of the plants through the process of selection and movement
across space. Some plant physiologists and agroecologists have even described this as
the living processes of plants being ‘taken over’ by agricultural production labor (cf.
Jordan, 2002: 524f.; Lambers et al., 1995; Matyssek et al., 2012). This definition is
interesting because it draws attention to the fact that, despite the greater differentiation
between social and nature processes at the level of societal nature relations, there is at
the same time a material overlap in the (re)production of the plant, a type of ‘fluidity’
between the living process of the plant and the living labor of the farmer. For example,
as farmers select the seeds of bean plants that have thinner outer coats (rendering the
bean easier to cook and digest), the labor of the peasant farmer takes over or
compensates for the materiality of the old thick seed coat through the materiality of her
labor: This means that the peasant farmer must now avert the insects that have an easier
time preying on the bean due to its thinner outer shell (cf. Nabhan, 1989: xxiiiff.).50 The
process of interweaving the materialities of society and nature can go as far as creating a
plant materiality whose reproduction depends in crucial aspects on particular social
practices. For example, the maize plant cannot spread its seed and therefore reproduce
at all without human intervention to remove the outer leaves, meaning that without
selection for a single life cycle, the plant would disappear. It is in this sense that one of
the best-regarded plant botanists and expert on cultivated crops of the 20th century,
Nicolai Vavilov, described the process of farmer’s selection as creating “cultivated
monstrosities, not vital [i.e., unable to survive] under natural conditions” (Vavilov,
1932: 339).
However, this ‘trade-off’ between the plant’s reproduction and societal
production is not random but follows certain historical patterns, some of which have
been captured by plant scientists through the notion of ‘partitioning’ (Cambui et al.,
2011; Gliessman, 1998: 198). This spatially-suggestive term refers to the fact that when
seed plants are selected for fruits/seeds/grains; or in other cases leaves, tubers, roots or
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In later chapters I return to the relationship between the materiality of human labor and the living
processes of plants. In Chapter 5, I will argue that the relationship just described, through which labor
increases, can also be reversed as a result of contemporary transformations of plants that must no longer
be maintained at each plant cycle.
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bulbs, the plant tends to spatially ‘reallocate’ certain substances to specific parts of the
plant according to recurring spatial patterns. The idea is that because a plant no longer
‘uses up’ its energy in warding off insects or predators through a tall stem, it has more
energy to channel into producing broader leaves or higher amounts of grain, for
example. On the basis of the seed form, then, the farmers could create a great deal of
variation in space and time. At the same time, the particular material patterns created
unfolded largely within the boundaries of historical material ‘corridors’.

The Spatiotemporal Stabilization of Peasant Plant Materiality
The seed form is not only a vessel for the unfolding of a multiplicity of
spatiotemporal forms, but also a vehicle for their stabilization or regularization in time
and space; and for the stabilization of specific societal nature relations more generally,
as I discuss later on in the chapter. Through selection, the new plants acquired certain
recurring spatiotemporal patterns associated with peasant practices. These are processes
that have been described by plant scientists without, however, being interpreted as a
process of material stabilization in the sense of my analysis. In this section I will
describe these patterns at the level of the seeds/plants, before identifying other
regularizations at the level of the agroecosystem (defined below).
One of the most prominent spatial regularizations of plants in the hands of
farmers is the transformation from ‘shattering’ to ‘non-shattering’ seed heads or pods
(Simmonds, 1979: 15f; Murphy, 2007a: 59). In wild plants, the rachis or stem of the
awn of grains like barley, wheat, rye, etc. is relatively weak, and the individual husks
covering the seeds will shatter open and disperse the seed, a process that ensures the
reproduction of the plant from one life cycle to another. By contrast, when the grains of
wild-growing barleys were not only harvested as they were by hunter-gatherers, but
were also re-sown, the selected grains were those that did not shatter but remained on
the plant. The non-shattered grain was easier to harvest if it remained on the plant than
if it was dispersed and no longer protected by the rachis and therefore affected by
moisture, insects, etc. Vis-à-vis the plants in their ‘wild’ form, the non-shattering
grain/pod is a material quality acquired by all peasant seeds/grains, but also legumes
such as peas, soybeans or lentils that are no longer released, but harvested in the pods,
and must be opened or threshed as part of agricultural production to obtain the
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seed/grain (cf. Harlan, 1992: Ch. 6). Another pattern is that selection of plants with
more grain will tend to favor plants with many stem ‘tillers’, rather than a single stem in
crops like rye, barley, or wheat. On the other hand, in the case of some other types of
plants that grow in branched stems, their reproduction by farmers has tended to guide
the shape of plants towards having only a few stems, but with larger,
inflorescences/grains/seeds per plant (such as the fewer, but larger ears of maize; or the
large single head of a sunflower). Vis-à-vis the wild seeds of plants, those that have
been selected by farmers also tend to be larger, since larger seeds tend to correlate with
stronger seedlings (cf. Harlan et al., 1973; Vavilov, 1932: 337ff.).
Through the seed form, the growth and reproduction of the plant is also
‘calibrated’ to the temporality of agricultural production. For example, a typical
characteristic of the vast majority of wild plants is that their seeds do not germinate
simultaneously, but often lie ‘dormant’ for varying lengths of time, a process that tends
to ensure that some seeds will continue their life course when they become situated in
the right environment of light, temperature and nutrients to develop into a plant, mature,
and reproduce again (Baskin and Baskin 2001: 559ff.). By intervening in the life of the
plant through its seed form at a specific moment determined by the farmer, the practice
of selection creates relative synchrony among the plants in this process. This alignment
in time affects not only seed germination but also the entire growth process of the
mature plant, including seed/grain ripening which also becomes increasingly
synchronous relative to the other plants selected by the farmer. This process is again
reinforced with harvesting grain/seed at a specific point in time, meaning that the seeds
harvested and selected for the following life-cycle are those that matured in relative
synchrony. By contrast, in areas where crops do not risk frost they may be harvested
and therefore selected at staggered intervals, so that non-synchronous patterns provide
food throughout the entire growing season (Anderson, 1952: 140f.). In this case it is a
process of regularization in the sense of non-synchrony of the plants relative to one
another.
The practice of selecting seeds even created spatiotemporal regularities in the
mechanisms through which plants reproduce, specifically whether plants reproduced
through self-fertilization or cross-fertilization. The process of fertilization refers to how
the male and female cells come together to form an embryo that will become a seed.
The vast majority of non-cultivated plants are outbreeding plants, meaning that
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fertilization takes place through cross-pollination from another plant, carried through
insects or wind. But in the case of crop species reproduced by farmers, the majority of
plants became self-fertilizing, meaning that a high percentage of male cells come from
the same flower (Kingsbury, 2009: 45; Simmonds, 1979: 23f.). The trend towards selffertilization of peasant plants is an important example of a spatiotemporal regularization
in time and space because the materiality of the plant changes less rapidly: Because the
fertilizing cells come from the same plant, self-fertilizing plants like wheat or rice
change more slowly (i.e., exchange materialities with other plants less frequently) than
others that continue to cross-fertilize, like cabbages or maize (cf. Simmonds, 1979: 24).
It is interesting that, as with many material qualities in nature, cross- and selffertilization are not categorical limits or mutually-exclusive processes, but rather a
continuum that can be stretched in space and time to a certain degree—and therefore
stabilized but also changed and re-stabilized. Thus, self-fertilizing plants do in fact
interbreed, but they do so at a very low rate. For example, in rice, a plant that is
considered self-fertilizing, the rate of cross-fertilization from other flowers may be as
(s)low as between one and five percent of fertilized grains per life cycle (Bray, 1984:
489, citing Grist; Virmani, 1994: 79). Also, whether a plant is self-fertilizing or not
depends on the larger societal nature relations of which the plant is a part. For example,
because peppers were historically pollinated by insects native to the Americas where the
crop was originally cultivated, the lack of these pollinating insects when the seeds of
peppers were taken abroad in the 16th century made the plant into a self-fertilizing one
in Europe. But this has changed again in places like Hungary, where peppers grown in
an open field have found new fertilizing insects (Heistinger, 2003: 32f.). This example
also shows that the spatiotemporal material patterns in seeds are malleable in relation to
societal processes such as selection, but also in relation to the rest of the environment,
as I discuss below.
When crop historians refer to the patterned transformation in seed materiality
just discussed, they often invoke the term ‘domestication’ and even refer to the
ensemble of typical patterns of seeds just described that were acquired via peasant
reproduction (larger seeds; non-shattering pods; the temporal synchrony of germination;
self-fertilization etc.) as a ‘domestication syndrome’ (Pickersgill, 2007; Murphy, 2007a:
59). Domestication evokes the idea that nature has been brought within the realm of the
house or domus, the social sphere. From a ‘social nature’ perspective (cf. Chapter 1),
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the notion of domestication, highlighted by the dramatic patterned changes to the
materiality of plants just described, might seem to be good evidence that nature is now
more social, its materiality ‘produced’, etc. But this would be a misleading conclusion
about seeds in abstraction of their larger societal nature relations. If we look at the
ensemble of societal nature relations, it is evident that reproducing seeds—as opposed
to gathering them—actually permitted a process of societal differentiation from nature,
not a process of greater identity. In comparison to hunter-gathering groups—whose
lives, as discussed, were greatly influenced by the material patterns of the plants (and
animals) around them—intervening at the seed form, or the ‘domestication of plants’,
allowed societal processes to unfold at different temporal patterns from those of nature.
Indeed, the beginning of plant cultivation has been theorized by anthropologists as
marking the ‘beginning’ of many societal relations—e.g., social stratification, a
reconfiguration of gender relations, etc. (Scarre, 2005: 190ff.; Stock and Pinhasi, 2011).
The idea of domestication, i.e., of bringing ‘into the house’ is not wrong, in the sense
that plants’ materiality was calibrated to the spatiotemporal patterns that were structured
by groups of peasant producers. But it does not mean that nature became more ‘social’
in the sense suggested by ‘social nature’ scholars, for as just discussed, this process
actually created a sharper differentiation between the distinct materialities of society
and nature.51
In this process of differentiation, a key factor—or more appropriately, a key
materiality— is the seed form itself. This is already illustrated by hunter-gatherers’
relationship with seeds prior to domestication, since the usefulness of seeds for huntergathering groups also took advantage of the seed material form: The spatiotemporal
break in the materiality of the seeds that were collected afforded a small discrepancy in
time and space between when food was gathered and when the seed was consumed: As
nuts, grains, pulses and fruits. This is a quality that is specific to the spatiotemporal
break of the seed form and is not afforded by the other forms of the plant, i.e., by the
plant at other stages in its life in which the plant materiality is more quickly
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Moreover, given the magnitude of the changes from ‘wild’ to agricultural crops that took place
thousands of years ago, it also makes little sense that ‘social nature’ scholars insist that the ‘socialization’
of nature is only a recent phenomenon dating to recent centuries and accelerating at the present (Smith,
2007: 253; cf. also Nachtigall und Schönbeck, 1994: 3). In Chapter 5 and the Conclusion, I address the
issue of how to grapple with such comparisons in the magnitude or ‘weight’ of material changes across
different periods.
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transformed—in particular in the sense of decay, once it is uprooted.52 Thus, even
among hunter-gathering societal nature relations, the seed form allowed a certain
spatiotemporal discrepancy in terms of when and where the seeds were consumed.
By contrast, upon sowing seeds as part of an agricultural practice, the seed form
afforded the same discrepancy but in a much more versatile manner because it affected
many other societal relations beyond food consumption. The seed form opened up a
discrepancy in time and space or a ‘fulcrum’ upon which to continue ‘building’ greater
differences between nature and society. This is an important point that I come back to in
later chapters, showing a) how the productive transformation of plant materiality, in
various constellations, opens up further differences between society and nature in the
form of new societal relations; and b) how transformation of plants is itself also based
not on greater identity with societal relations, but on new differences.

A ‘Seedless Variety’ of Spatiotemporal Stabilization
I want to highlight the particularity of the seed form from another angle, by
contrasting it with agricultural plants that have not been reproduced by seeds. Having
analyzed the important role that the seed form played in productively stretching material
variation in time and space, it is not surprising that the two most common mechanisms
for creating a high degree of spatiotemporal fixity in peasant farming are based on
bypassing the seed form. An ancient example of this is the reproduction of trees and
vines through grafting. Grafting is a practice through which a cutting from a particular
tree is attached or grafted onto the sappy part or stock of another tree, vine or bush.53
Thus, the vine/tree does not reproduce from a seed but is multiplied as a material
‘replica’ on a new rootstock from which the branch of the original tree regenerates.
With vegetative reproduction, there is no temporal break in the life cycle of the plant,
and annual plants become, in a sense, never-ending perennials. A new cycle begins with
a materiality that (with the exception of mutations) is identical to the materiality of the
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A quick survey of all the foods that keep for some time shows they are often those associated with
seeds. This is clearest for grains (e.g., barleys, maize) or legumes (e.g., peas, lentils), but is also true of
fruits that surround apple seeds, tomato seeds, cucumber seeds, etc., as compared with other plant parts
such as leaves or stems.
53
Goor (1966: 324f. and 1965: 129) indicates that the practice of grafting in the cultivation of olive and
fig trees is very old. It is described in ancient texts such as the Talmud, and in biblical texts, respectively,
though Goor speculates that it may be much older.
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previous generation. For centuries at least, grafting has been the most common way of
reproducing the majority of tree fruits (cherries, olives, pears, lemons…), vines of
grapes, berries, or dry fruits (nuts) such as almonds or pistachios.
A second practice of stabilizing the materiality of the plant that avoids or
bypasses seeds is multiplying the plant through tubers, shoots, roots or cuttings of a
mature plant (Copeland and McDonald, 2001: 18). Vegetative reproduction is very
common in tuberous crops such as potatoes, yams, taro or cassava. But whether plants
can bypass the seed form depends on the specific materiality of a given plant versus
another. In some areas such as the Caribbean (Weatherford, 1988: 87) and parts of
South America (Sauer, 2009: 202ff) this process, rather than seed selection, was a
dominant practice for reproducing plants, in which a number of tubers and plants
growing from shoots like pineapples were at the center of production (Weatherford,
1988: 87; Sauer, 2009: 206ff). However, vegetative reproduction and its degree of
stabilization is not a possibility with many other agricultural plants (wheat, maize, rice,
carrots, tomatoes, etc.).
Reproducing plants by avoiding the seed form has advantages from the point of
view of farming in the sense that it compresses the time needed to produce, by not
allowing the life cycle of the plant to complete/begin anew. For example, by
reproducing an apple through grafting, the farmer need not wait for many years until a
new tree is mature and itself produces seeds/fruits. Bypassing the seed form may also
compress space in the sense that a farmer needs fewer plants to reproduce a crop
variety. For example, maintaining the qualities of a specific variety in plants that
reproduce exclusively via seed and are outbreeders, such as cabbages, is a laborious task
that requires a larger number of plants growing under similar conditions (cf. Kastler,
2005: 4). By contrast, a single banana remains stable as long as it bypasses the seed
form and continues to be reproduced vegetatively through shoots of the banana tree.
Without the materiality of the seed form and the time-space differentiation that it
creates, it may be more appropriate to speak of the multiplication or replication, rather
than the reproduction of these plants.
Whereas selection through the seed form can create a regularization of plant
materiality that takes place gradually over various generations, bypassing the seed form
either through grafting or vegetative reproduction cannot be seen as a comparable
process of regularization. It is rather a spatiotemporal jump that happens abruptly and if
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the plants are again reproduced through seeds, they are likely to show very sudden
changes in time and space.54 For example, a particularly sweet and juicy apple that has
been fixed according to these qualities through grafting, if reproduced again via seed (as
a new tree), will likely result in a sudden change, such as a mealy or sour apple in the
next generation. Also, it cannot be considered stabilization in the same sense because
there is no process of change to define stabilization against, no moving ‘to’ or ‘from’.
Without the seed, it is a materiality that is as if frozen in time and space. A
Mediterranean crop such as wheat or peas was (gradually) adapted to colder climates by
using the seed form to move across space or change the temporal cycles of these plants.
But dates, for example, continue to need a hot and dry climate to flower; and apples will
not set fruit without the cold period of winter (Zohary, 2004: 7) because the latter are
usually not reproduced via seeds.
Again, however, these material patterns are not categorical ‘limits’, since the
seed form can again recreate a flexible materiality. Thus, in cases that spatiotemporal
stability is created by avoiding the seed, peasant agriculture can also go ‘back’ to the
seed form and create variation. For example, in the Andes it is common to allow potato
plants to interbreed in the fields. In this process, Andean peasant farmers have created
enormous variation in the crop by again allowing cross-fertilization to take place
periodically (cf. Ugent, 1970: 1161).

Reproducing	
  Peasant	
  Ecosystems	
  	
  
So far, I have discussed seeds largely in abstraction of the people who farmed
them or the systems of plants that seeds are a part of. This was important for showing
the role of the seed form as the key material leverage in transforming ‘wild’ to
agricultural plants. In this part of the chapter, I argue that agroecosystems, rather than
the seeds or plants themselves, are the relevant scale for understanding the materiality
of crops reproduced by peasants. I use the term ‘peasant’, as has been common in the
literature, to refer to people practicing agriculture in non-capitalist settings. But while
the literature on peasants has often equated non-capitalist with pre-capitalist Europe,
developing many of its assumptions largely based on medieval peasants on that
54

This is probably why Sauer notes that, in cases where vegetative reproduction is practiced but the
plants do not stop producing viable seeds, such as in the case of the Caribbean yucca, peasants often
destroy the seeds (Sauer, 2009: 203).
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continent (cf. Bernstein and Byres, 2001: 8; Dalton, 1979: 386), I use the term both
more broadly and more narrowly. More broadly because I take it to define a practice
that goes as far back as the beginning of agriculture; and also to refer to the
contemporary practices of peasants who reproduce seeds in a different manner than the
practices of scientific plant breeding, as discussed in Chapters 4 and 5. At the same
time, my definition of ‘peasant’ is narrower because it focuses not on the many
dimensions of peasant agriculture as a whole but only on the peasant practice of
reproducing plants/seeds and the particular plant materiality that is the result of that
practice.
The social science and history literatures on peasants is characterized by a
plurality of perspectives that focus variously on historical and contemporary peasants,
the importance of rurality in defining peasant systems, the issue of population density,
and the size of production units, among other concerns. However, the peasant practice
of farming that is crucial to understanding the transformation of material nature in the
hands of peasant farmers has been largely neglected in this literature. As van der Ploeg
notes, “that a peasant was involved in agriculture was taken for granted; but how
peasants were involved, how they practiced agriculture and whether or not this was
distinctive vis à vis other modes of practicing agriculture has hardly been touched upon”
(cf. Van der Ploeg, 2008: 21, emphasis in original). Another way of putting van der
Ploeg’s observation is that the material practice of peasant farming and its
transformation of material nature in agriculture has largely been neglected, a general
tendency of the social science literature on nature and agriculture, as discussed in
Chapter 1.
As discussed in chapter 2, I found almost no primary documents written by
farmers themselves prior to the 19th century. Therefore, to research the materiality of
peasant seeds in the context of the practices of farming, I have drawn on other sources.
On the one hand, I reviewed research by archaeologists, archaeobotanists, plant
historians and anthropologists who have produced information about the characteristics
of peasant agriculture. These scholars have reconstructed the materiality of peasant
plants and also peasant practices on the basis of fossil records, preserved grains of
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pollen, seeds, bones, teeth, working tools, pictographs etc.55 But even more importantly,
I base my analysis on the practice of reproducing seeds from contemporary ethnobotany
and agroecology accounts of peasant communities; as well as on interviews with
contemporary peasant (re)producers of seeds. The latter provide a richer picture
regarding the concrete work of peasants and the relationship between peasant farming
and the physical nature that they reproduce. Although drawing on contemporary peasant
practices may seem questionable methodologically—i.e., one may question whether it is
possible to make generalizations about the use of seeds by peasants several thousand
years ago on the basis of contemporary peasant practices—it is justified for several
reasons.
First, I focus on peasant practices with seeds at a general level, rather than at the
level of many of the historically specific details of agriculture as a whole. The latter are
less important because my research is primarily on the transformation of the materiality
of the seeds, and it is accepted that the materiality of seeds during this long period
largely followed the types of patterns in time and space (non-shattering; synchronous,
etc.), discussed above, that are similar across all peasant settings, despite the many
culturally-specific practices with the seeds/crops (cf. Perfecto et al., 2009: 63f.;
Runnels, 1995; van Andel et al., 1986); despite the area of the world where farming
took place; and despite the long span of several thousand years that peasant farming has
been practiced (cf. Fuller, 2007; Pickersgill, 2007; plant geneticist at UN Food and
Agriculture Organization, Commission of Genetic Resources, 2012, personal
information).56 Notwithstanding the variety of local practices, all of these ethnographic
accounts suggest—although they do not always theorize it directly—that the
reproduction of seeds by farming peasants have an important point in common which is
that the reproduction of seeds is framed by the materiality of the agroecosystem, a term
I borrow from the field of agroecology. The perspective of agroecology is particularly
useful for defining seeds within peasant production. It is a unique approach because it
studies the changing materiality of nature (without using these terms), but not
independently of the practice of farming; that is, it studies “communities of plants and
55

For example, see Goor, 1966 and 1965 on 5000 year-old records of olive and fig tree cultivation;
Webster, 2011, for a review of 7000 years of maize cultivation; Riehl et al., 2013 on 9800 years of the
cultivation of emmer.
56
Moreover, in some cases there exist some written accounts, sometimes several centuries old, that
describe the practices of peasant farmers regarding seeds and that concur with this analysis (cf. Li, 1969;
Nene, 2005, cited in Kingsbury, 2009: 44).
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animals interacting with their physical and chemical environments that have been
modified by people to produce food, fiber, fuel and other products for human
consumption and processing” (Altieri, 2001: 2). In other words, agroecology is one of
the few sciences that studies the materiality of plants in the context of human practices
with plants.
Thus far, I have also discussed the patterns of spatiotemporal regularization of
seeds (non-shattering, synchronous, etc.) largely in abstraction of the larger ecosystem,
that is, in abstraction of the ensemble of societal nature relations that also framed how
the seed was reproduced according to regular patterns in time and space. Analyzing
seed selection in abstraction of the rest put an emphasis on how the spatiotemporal
hiatus embodied by the seed form became a ‘strategic’ point of intervention in the life
of the plant that peasant farmers could use to ‘stretch’ the materiality of plants in time
and space as they (re)produced them. But to present a fuller picture of the characteristic
qualities of peasant seeds as part of specific nature society relations, it is necessary to
look beyond seeds themselves. The materiality of plants is not reproduced in abstraction
of a larger materiality of living and non-living processes and relations, including other
plants, soils, microbes, the animals, etc., in short, the ecosystem. And when farmers
reproduce plants through the selection of seeds, they are also reproducing this entire
(agro)ecosystem.
In the field of agroecology, an ‘agroecosystem’ does not designate a fixed
bounded area or entity such as a field, farm, agricultural village or region (Bellón, 1995:
264; Gliessman, 1998: 26)—categories that have led to much confusion and
disagreement in the literature on peasants (e.g., whether peasants must farm in rural
areas, whether they may also have a livelihood outside of farming, etc.). Rather, an
agroecosystem

actually

designates

a

spatiotemporal

framework

for

production/reproduction of seeds/plants according to the materiality ‘in’ it; and not vice
versa. In other words, it designates a particular spatiotemporal scale.57 The
agroecosystem as a scale is defined by the nature processes and societal practices that
reproduce it, or more generally, by the specific ensemble of societal nature relations
being reproduced there (cf. Gliessman, 1998: 26). This perspective, based on asking,
57

The understanding of an agroecosystem as a scale is part of my analysis and it is not a concept in the
field of agroecology. Agroecology does discuss the distinction between agriculture at different scales (cf.
Altieri, 1995: 41ff.), but scalarity is not explicitly theorized as it has been in the field of geography (cf.
Köhler, 2008b).
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‘what is being reproduced?’ is useful as a historical base for comparison in later
chapters in which the spatiotemporal coordinates and scales at which the materiality is
reproduced change dramatically over a short period.
Reproducing not only a seed but an entire agroecosystem brings into view a
spatiotemporal multidimensionality that can be illustrated by the peasant cultivation of
maize in Mesoamerica, a crop that will play an important role in the following chapters.
In that part of the world, maize has been reproduced for at least 3,500 years (of the
nearly 9,000 years it has been cultivated) in a system known as milpa (Landon, 2008).
Production in this system is characterized at a most basic level by three staple crops that
have remained central since their reproduction thousands of years ago by the indigenous
peoples of Mesoamerica: Maize, beans and squashes. These three staples, in addition to
dozens of other crops, insects and other animals, are (re)produced there as part of
gardens and managed fields in the forest.58 All of the individual plants and animals
reproduced within a milpa system have close relationships with one another; plants and
animals have a place as part of particular cycles in which the crop order is important, or
alternate with cycles of fallowing. Insects such as caterpillars provide food because they
thrive in the context of the plant species that grow there; the wild plants that also grow
there have a complementary purpose in the local diets; the trees provide
microenvironments of good quality earth, intercepting some sunlight and depositing
leaves as organic material back into the soil. In arid environments, agave plants on the
borders of fields keep soil from eroding, and the decomposed leaves of the agave are
reintroduced to give fertility to the soil. Cacti may be planted for the fruits and the
cactus ‘leaves’ are eaten. Grasses in the milpa are a source of fibers for uses such as
house roofing (Alcorn, 1990: 204; Altieri and Trujillo, 1987: 201).
Milpas are associated with maize as the central staple food, but maize as a plant
is not reproduced independently of the other crops, not all of which are the product of
seed selection, but which still reproduce as an ensemble. For example, when milpas are
fallowed, new vegetation can be a source of firewood, or wild species are encouraged to
improve the fertility of the soil to plant fruit trees or another cycle of garden crops (cf.
58

Each of the three staple crops, like many other relationships in the agroecosystem, has specific material
properties that play a role in (re)producing the other plants. Thus, peasant farmers sow beans to climb
upwards on the stalks of the maize, providing maize with important nutrients such as nitrogen through the
symbiotic bacteria coexisting with the leguminous bean are able to ‘fix’ nitrogen that is made available to
the soil in the following season after the bean plant decays. Squashes do not compete for light with maize,
their broad leaves spreading over the soil, retaining its moisture.
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Alcorn, 1990: 205). Thus, selecting maize within the agroecosystem means indirectly
reproducing the other materialities in that time-space. The agroecosystem boundaries
are as wide or as narrow as the interconnections between what is being reproduced.
Milpas are only one example of the multidimensionality that characterizes peasant
crops, as part of peasant agroecosystems. Similar poly-cropping systems exist around
other staple crops, including the rice paddies in which rice grows among ferns, fish,
birds and other edible crops in China; the multicropping agriculture associated with the
cultivation of date palms in the Maghreb region; or the water-based systems
accompanying the cultivation of rice in many Asian regions, including fisheries,
waterfowl, vegetables and grains; or the Caribbean conuco systems consisting of
cassava, various sweet potatoes, racacha, peach palms, malanga, arrowroots, yams and
pineapples.
The predominance of peasant farming as part of such multi-dimensional systems
suggests that looking at seeds independently of this larger materiality is anachronistic,
based on a modern view of seeds as independent of the ecosystem, a perspective
informed largely by modern biology (cf. Chapter 4). It does not correspond, however,
with accounts in ethnobotany or agroecology that show how peasant crops are not
reproduced in isolation of other living organisms and societal relations (cf. Richards,
1985; Alcorn, 1990). At the same time, by focusing on the agroecosystem, I do not
claim that the seed as an independent materiality is not important from a peasant
perspective. The seed exists in a peasant context, but it is not present as an object
independent of the rest of the agroecosystem. The seed form is key to the practice of
reproducing plants as discussed above, but at the same time it is not the actual scale at
which the ensemble of peasant crop materiality is reproduced. Although it is not
theorized explicitly, this is what the scholarship in agroecology or ethnobotany shows
so clearly in comparison to the one-dimensional accounts of seed ‘selection’ given
earlier. Although it is difficult to obtain information about the use of peasant seeds with
respect to agroecosystems centuries and millennia ago, modern peasants’ practices with
seeds also underscore the importance of the agroecosystem: For example, among many
indigenous peasant seed producers in present-day Mexico it is clear that the seeds are
clearly bounded objects and are symbolically important. At the same time, an
indigenous maize farmer from the Mexican state of Oaxaca emphasized that for many
peasant farmers, reproducing seeds is not separable from the larger territorio. Literally,
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territorio can be translated as ‘territory’, or ‘terrain’, but in fact it is used to refer to the
agroecosystem or an ensemble of agroecosystems as just defined, that is, to a web of
social relations and nature processes that are reproduced along with the peasant
seeds/crops (2012, personal information; cf. also Vera Herrera and Villa, 2012).

Material Stabilization at the Scale of the Agroecosystem
Visvanathan has argued that the “innovativeness” (1997: 63ff.) of peasant
agriculture lies in the fact that agroecosystems such as milpas are reproduced by
mimicking the multidimensionality of non-agricultural ecosystems (ibid.: 65; cf. also
Altieri, 2001: 3): Agroecosystems are characterized by multiple ‘layers’ of plant
canopies, symbiotic relationships between plants, animals, insects and fungi growing in
temporal patterns that relate to one another, creating a multidimensionality similar to
that

of

non-farmed

ecosystems

(cf.

Perfecto

et

al.,

2009:

73ff.).

This

multidimensionality is undoubtedly a central aspect that characterizes peasant
agroecosystems and is today often referred to as the ‘resilience’ of peasant agriculture,
i.e., its ability to continue reproducing as an ensemble of living organisms (cf. Walsh,
2003: 46ff.). But there is a difference between a material quality itself and the process
of how it was created/transformed—and in that sense what is its productivity or
‘innovativeness’, as Visvanathan puts it.
Based on the foregoing discussion of the significance of the seed form in
expanding spatiotemporal variability, it is evident that the process of ‘mimicking’ the
multidimensionality of non-farmed ecosystems is only part of what makes these
systems productive. As a spatiotemporal hiatus in the changing materiality of the plant,
the seed form allowed peasant farmers to ‘stretch’ the material spatiotemporal frame of
the plant, through selection and movement within or across agroecosystems at each life
cycle. And in this process, they also stretched and transformed the material constellation
of the agroecosystem as a whole, not just of their crops. The productivity of an
agroecosystem is therefore not only based on a tendency towards identity with the
spatiotemporality of non-farmed or ‘wild’ materiality, but also on the tension between a
material similarity within the agroecosystem and a ‘pull’/discrepancy in time-space
afforded by the specific materiality of the seed.
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The best illustration of this tension is how seeds were developed into a multitude
of relatively stable material forms commonly known as ‘farmers’ varieties’ or
‘landraces’. The concept of landraces points to the relatively stable spatiotemporal
variety of a given crop type (such as maize, sorghum, rice, etc.) specific to a particular
locality or agroecosystem, according to the cultivation practices of the farmers with the
crops; and according to the uses that farmers gave them (cf. Zeven, 1998: 128f.;
Heistinger, 2003: 28). A landrace may be particular to the practices of a farmer in terms
of the agroecosystem in which she produces—for example, there are varieties that are
the product of heavy, moist soils; varieties that are the result of limited sunlight under a
canopy of trees; varieties that are the result of very dry seasons etc. Landraces underline
that selection, as a process for reproducing seeds, is very much tied to a spatial
dimension and to spatial differences. As a Chilean peasant farmer and specialist in bean
varieties explained, this does not mean that an agroecosystem can only produce one
variety of a crop within its ecosystem context. Different landraces may be grown from
one cycle to another, from one year to another, depending on the needs of the people
and of the agroecosystem itself, including whether it is being fallowed or not, etc.
(2011, personal information). Selection is the product of an interaction between existing
materialites that continue to be reproduced (or that stop being reproduced) in time; and
that are moved in space, resulting in one or more landrace variations of crops for a
given agroecosystem.59
Many of the uses associated with landrace varieties pertain to the period after
production/harvest and are the product of selection for particular use qualities. For
example, different maize grains are selected for boiling in stews; for roasting
(‘popping’) the dry seeds; for eating fresh (‘on the cob’); for use in spiritual ceremonies;
for grinding into fresh dough or dry flour; for fermentation into alcoholic beverages, for
dyeing, and so on (cf. Mangelsdorf, 1974, 207f.). But peasant landraces are not
produced ‘for’ or associated with a single, specific purpose. Accounts of landrace use
by agroecologists show that a single landrace variety usually has a variety of uses. For
example, sorghum landraces in Africa “provide multiple products: stems are used as
59

In German the term clarifies more the specificity of farmers’ varieties as creating a certain degree of
stability by speaking of it as samenfeste Sorten, or literally ‘seed-stable varieties’, although the term
Landsorten, or ‘country varieties’, is sometimes also used. Although ‘landraces’ today more commonly
refers to field crops (wheat, potatoes, rye, clover, millets, etc. that are grown over a larger surface), I
follow Zeven and use ‘landraces’ as a more general term for all cultivated peasant crops, including
garden varieties, sometimes called ‘garden races’ (1998: 128).

107

fodder, fuel, or building material; sap is extracted to provide a sweet or a red pigment
for dye; grains are eaten raw, boiled, or ground into a flour; the plants flavor beer,
provide medicine, or are used to make malt” (Merrik, 1990: 4). As I discuss later in the
chapter, landraces have been redefined and used in non-peasant contexts as the bearers
of single material qualities or traits and not as defined by the materiality of an entire
agroecosystem and the ensemble of societal nature relations produced there. As I show
in the next chapter, this understanding of peasant plant materiality is (mis)informed by
more recent redefinitions and practices with plants, especially through the science of
genetics, that has widely permeated how we have come to think about plants in terms of
‘traits’ rather than in terms of the ensemble of relations and processes in an
agroecosystem.
According to this view, landraces are linked to certain uses and these are taken
to be identical with some material quality of the plant (e.g., faster-cooking rice;
sorghum resistant to a given pest). When I spoke with contemporary peasant farmers, it
was common for them to describe the materiality of landraces according to the uses
given to them, but these uses are at the same time tied to a larger materiality from which
they are inseparable. According to a wixarika maize farmer from the state of Jalisco,
Mexico, “the main quality of this variety is that it grows well [que se da bien] in our
agroecosystems [territorio]” (2011, personal information). The difference between uses
and modern traits is that traits are discrete qualities, while uses are in practice never
separate from the materiality of the plant as linked to social ties, to natural processes in
the agroecosystem that are beyond the material contours of the plant organism as
defined today. It is important to emphasize that materiality of peasant crops should be
understood as defined by various practices/uses in relation to other living systems and
societal relations, but not as ‘traits’ or as qualities existing separately from the
agroecosystem.
The agroecosystem sets a framework or spatiotemporal range within which the
materiality of plants can be ‘stretched’. For example, a mild sea-level Mediterranean
environment without long periods of freezing temperatures is unlikely to result in a
winter wheat variety. Or, given a short summer, a dry flour maize of North America
may mature in fifty-five days, while a variety in tropical Colombia, where seasons are
not marked, can take sixteen months to ripen (Fowler and Mooney, 1990: 26). That is
why landraces can only be defined—why they retain their spatiotemporal regularity—
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in a given environment. If they become part of a new agroecosystem they will become a
new landrace. The fact that landraces are particular to a locality is reflected in the names
they are known by, which are descriptive, and reflect a local argot and familiarity. For
example, contemporary peasant landraces in Mexico carry such names as crema, canelo
(referring to the color of the grains), olotillo, olotón (describing the thin and the sturdier
bases of the maize cob, respectively), jilguero (goldfinch), and cuarenteño (producing
maize within forty (cuarenta) days) (cf. also Bellón and Brush, 1994: 201; Brush,
2004: 50; Cabrera, 1978). The fact that the landraces are inseparable from a multiplicity
of intertwined material practices and processes is reflected in the fact that for the 551
species of cultivated plants recorded by crop scientists in northern and central Italy,
farmers have 10,600 vernacular names (Nabhan, 2009: 67).
The very creativity or productivity of the materiality that results from this
tension between ‘imitation’ and difference and how it characterizes an agroecosystem is
reflected not only in farmers’ varieties in relation to particular uses, but also,
interestingly, in relation to ‘dis-uses’: Weeds are the result of the fact that, while the
creation of ecosystems such as milpas partly seeks to imitate the multidimensionality of
local ecosystems, there are also other practices that pull away from this relative identity.
These include the tilling (opening) of the soil, creating a major difference to a nonfarmed environment, as well as the clearing of tree canopies and shrubbery. Weeds can
therefore simply be defined as plants that also thrive in the farmed environments cleared
to grow a particular crop. But because they are not selected or reproduced by farmers at
each cycle, they also retain many of the spatiotemporal patterns that characterize ‘wild’
plants, such as shattering pods, or a lack of synchrony in germinating.
This spatiotemporal discrepancy vis-à-vis farming is what makes weeds
unwanted plants that are persistent and often a nuisance in the sense that they grow
according to other temporal patterns than the crops and compete for space and nutrients
in the field. But often the weedy plants adapt to the temporal cycles of the crop and
even come to resemble them outwardly in shape. The weeds may be so close to the
crops as to interbreed with them, leading to yet new patterns of differentiation (cf.
Sallares, 1991: 345). In milpas, a Mexican farmer explained that weedy plants are
known as quelites, a name that does not carry the negative connotation of ‘weeds’, but
is used to refer to various edible plants of the milpa, thriving as a result of the same
tension between a material similarity and difference, although it might otherwise be
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defined as a weed (2012, personal information). In West Bengal, in rice paddies there
are ca. 120 weedy species that are also considered useful (Kosaka et al., 2006: 49). In
this sense, it is not only farmer’s crops that reproduce according to patterns imitating
and also deviating from the ‘wild’ multidimensionality but—to put it in a way that
Latourians would appreciate—in an agroecosystem the other living organisms also
imitate the new patterns of materiality that were established through farming. Thus, the
weedy oats or sorghums may come to look almost exactly like the plants grown, and
they are even sometimes harvested inadvertently with the crops, and continue to
interbreed.
At this point what is ‘wild’ and what is a crop, what is social, and what is natural
is so fluid that we may want to give up distinguishing between them altogether. But as I
emphasized in Chapters 1 and 2, giving up on an analytical differentiation has the
consequence of not seeing how the reproduction of the agroecosystem takes place: It
takes place by reproducing the living patterns of the plant, but also by creating small
spatiotemporal discrepancies in how the plant reproduces vis-à-vis the ecosystem. As
discussed above, there was greater overlap between the materiality of society and nature
processes in non-farming groups than among farming groups. Weeds do not intermix
completely with farmers’ varieties because the farmers’ practices imitate and yet are not
exactly like those that would favor the weed completely. In selecting the seeds a farmer
will use and in caring for them to retain the qualities she has chosen, a farmer will still
maintain traits that led to relating to one as a crop through practices that affect the
materiality of the plants in a different manner. As put by Harlan, “the system [of
hybridization between crops and weeds] is a remarkably elegant evolutionary
adaptation. Too much crossing [read: imitation] would degrade the crop, and the weed
and cultivated races would merge into one population, possibly resulting in
abandonment of the crop. Too little crossing [read: differentiation] would be ineffective
in keeping ecosystems dynamic” (1992: 124). Again, the reproduction of the
agroecosystem seems to be based on taking advantage of the non-identical moments. To
produce, and not only to reproduce, a peasant system imitates the agroecosystem to
some degree but also differs from it.
The very productivity of peasant seeds lies in the material order embodied in
each of the multifaceted spatiotemporalities of landraces, that is, in a particular
regularization across space and time at the level of the seed/plants. But how this stability
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is reproduced relies always on differences, always on a tendency towards discrepancies
in time, and discrepancies in space— whether small ones, as afforded by a given
agroecosystem, or larger ones, as afforded by movement across ecosystems, as
discussed below. This same point can be illustrated by the transformation of a crop
when it stops being used, that is, when it stops being reproduced as a crop. For example,
a comparison of ancient records of peasant farming in China through various centuries
shows that if the cyclical reproduction of peasant seeds that were once important
stopped because they were no longer deemed useful, the crops often became weeds (Li,
1969: 256). Here, to maintain the productivity that makes a plant a crop and not a weed,
the farmer must continue to ‘exploit’ the spatiotemporal differences between the plant
and its surroundings at each life cycle of the plant. As such, she can arrive at a useful
landrace, a type of spatiotemporal stabilization in space and time (and of course also in
other qualities such as taste, beauty, etc.), but if these differences stop being reproduced,
then peasant crops also cease to continue having the material qualities of landraces and
become similar to non-cultivated plants. Therefore peasant seeds are not fixed
materialities, but depend on farmers’ perpetual use of the spatiotemporal discrepancy
afforded by the seed form in the context of an agroecosystem.

A ‘Bird’s-Eye-View’ of Peasant Seeds and the Notion of ‘Diversity’
Another way of conveying the materiality of landraces is not only to look at
them within a single ecosystem, but to ‘zoom out’ and take a look across ecosystems.
For example, a birds’-eye-view of maize as seen at the time of the colonization of the
mainland of the Americas in the early 16th century showed that maize had traveled long
distances over the ca. 9,000 years that it has been cultivated by peasant farmers, creating
a mosaic of different landraces across the American continent. From present-day
southern Mexico where it was ‘domesticated’ from the weedy teosintle,60 maize spread
slowly over thousands of years, eventually spanning a range from southern present-day
Canada to southern Argentina and Chile and the Caribbean islands (Warman, 1995: 25,
citing Weatherwax, 1954). This migration of maize from one agroecosystem to another
brought a new productivity to each locality. With each life cycle of the plant and the
spatiotemporal break it afforded, farmers chose seeds according to the conditions of the
60

Teosintle is the wild plant from which maize was domesticated. It continues to exist in areas such as
present-day Mexico and can cross-fertilize with maize.
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agroecosystems in which they produced and according to their needs and wants (cf.
Hernández Xolocotzi, 1985). At each locality, the traveling maize took root in a new
spatiotemporal context, becoming a different landrace materiality.
As it spread, landraces became a landscape of different maizes, variable in time
and space in a way that a picture does better justice than a written description, shown in
Figure 3.2. Maize—or rather, the ensemble of maize landraces—became a crop adapted
to high and low altitudes, from sea level to 3,600m; a crop of poor and rocky
mountainous soils, but also of damp coastal regions. Scientific taxonomies of maize
have organized landraces into ca. 300 ‘racial complexes’ either on the basis of
morphology, or more recently based on variations in protein molecules used as
‘molecular markers’ (cf. Chapter 5). Each of these hundreds of races encompasses
thousands of different maize varieties of which more than forty maize races are found
throughout Mesoamerica, and 75% are distributed throughout present-day Mexico
(Bellón and Brush, 1994: 199).
Figure 3.2 Maize and Diversity
The picture on the left shows just a few of the
many peasant landraces of maize that have been
cultivated in the Americas. They are a reflection of
the multidimensionality of local agroecosystems,
including other plants, soils, sunshine, water,
altitude; as well as culinary traditions, cultural
practices and so on. However a ‘bird’s-eye-view’
of this ‘diversity’—very much as visualized in this
photograph of maize from the Andean region to
North America—is a very specific, modern view
of peasant materiality. The notion of ‘diversity’
reflects the global scale of travel across
agroecosystems, as unfolded only from the 16th
century onward. (Image source: Mangelsdorf,
1974: 104)

Looking across ecosystems over vast areas gives a powerful impression of the
use-value productivity associated with landraces: Taken as an ensemble, they create the
sense that there is a maize landrace for every possible use/practice. And the same would
be true when looking across a variety of agroecosystems for the landraces of all crops,
in particular those that have been a dietary staple and have spread over wide regions:
Rice, potatoes, wheats, millets, etc. In current parlance, both academic and nonacademic, this variation is understood as the ‘diversity’ of peasant seeds—a term that
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enjoys a widespread use as a description of peasant seeds, as evidenced by the titles of
many books on farmers’ seeds (e.g., Fowler and Mooney, 1990; International Plant
Genetic Resources Institute, 2000; Guarino et al., 1995, Heistinger et al., 2003;
Andersen, 2008). Following this literature, it would seem fitting to have defined peasant
seeds in this chapter from this bird’s-eye-view that easily conveys the rich material
quality created by landraces and their diversity as a ‘hallmark’ of peasant seed
materiality. But I have avoided this perspective and the term ‘diversity’ until now,
because its use would have been misleading in the sense of an anachronistic
understanding of the materiality of peasant seeds. The anachronistic character of the
bird’s-eye-view of peasant seeds is related to the fact that ‘diversity’ usually refers to a
quality that only exists as such at a global scale, at the scale of the ensemble of peasant
ecosystems and the material ensemble that is the collective product of their work.
The point is a subtle but important difference, because diversity at a global scale
is nevertheless related to what does exist at the local scale, which is a locally-specific
multidimensionality in time and space, i.e., the multidimensionality of crop and animal
landraces, of landscapes and agroecosystems, as just described. In Japan, for example,
ca. 2,000 different species of plants and animals (including fish, insects, trees, crops,
microorganisms) are associated with the agroecosystem of paddy rice production (cf.
Hidaka, 2005: 337). Referring to this as ‘diversity’, as Hidaka does, is not wrong in the
sense that he is describing the multidimensional web of living organisms reproduced in
rice paddies. At the same time, as usually applied to peasant seeds, the term tends to
distort the fact that the notion of diversity relates to something that has only existed
very recently: The ability to ‘take advantage’ not of the material multidimensionality of
each agroecosystem locality, but to take advantage of it as an ensemble of many
agroecosystems.
This sense of diversity can only be perceived by someone moving across many
agroecosystems at once. Thus, it is less a quality being reproduced at the scale of the
agroecosystem, but it only became a real, tangible quality in the period that I turn to in
the next section of this chapter, when seeds began to change hands at a much more rapid
pace and were taken to peasant agroecosystems by non-peasants as well as to nonpeasant systems. In that period, evoking the ensemble of peasant seed materiality as a
global dimension is appropriate because it now existed and it is only through this global
scale that the ensemble of peasant landraces that are referred to using the notion of
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“diversity” actually came into view and into being. Referring to earlier periods as
characterized by peasant seed diversity creates the false impression that this global
materiality across many peasant ecosystems was available to peasants and was part of
the peasant way of producing.61
Evoking the global scale when it did not yet exist, i.e., when there was no social
materiality that created such a scale, has led to a number of problematic analyses of
peasant agriculture. An example is the use of the concept of yield to compare the output
(in volume or mass) in peasant production across time at a global scale, usually as the
global volume of food produced at given points in time against world population (cf.
Evans, 1998a; 1998b: 91). In peasant agriculture, food production did not take place at a
global scale but at the scale of the agroecosystem, meaning that volume produced at a
global scale is in some way meaningless because (re)production of people, animals and
plants did not take place at this scale.
Moreover, the modern concept of yield is also meaningless within the context of
peasant farming. The productivity of peasant farming and landraces cannot be
understood according to a concept that measures weight or volume per area of a single
crop, but is again related to the (re)production of an entire agroecosystem in which food
is provided by an ensemble of different crop materialities at different times (cf.
Teshome et al., 1997). The agroecosystem and landraces are characterized by a very
different kind of use-value productivity as expressed by the statement that landraces are
developed to “produce something despite drought, standing water, insects, hail or
diseases” (Harlan, 1992: 148): They are developed for securing food even in conditions
that do not produce high yields in the modern sense. Thus, peasant crops are productive
in the context of a wider agroecosystem, as part of material regularities across time and
space for a given locality, and in that sense “dependable” to satisfy food needs outside
the concept of yield (ibid.).
Through travel and migrations across agroecosystems, there was certainly
awareness, at least since the time of ancient empires, regarding the output differences
across space of crop varieties of other regions and this has been expressed in a number
61

At the same time, my point should not be taken to mean that peasant systems today would not produce
diversely, especially when contrasted with modern breeding and its very narrow focus on a handful of
species. Rather it is a historical argument about the term, ‘diversity’ whose current use invokes a ‘bird’seye’ view of peasant crops that did not exist until the 16th century, and which, as will become clear in the
next chapter, became the basis for a new way of reproducing plant materiality that has largely done away
with the multidimensionality of peasant plants, despite its dependence on them.
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of ways. But this did not reach a global scale nor could it be viewed as an ensemble
until very recently. Paradoxically, as I will argue later in the chapter, the very
perception of this material quality as an ensemble of peasant landraces was so important
and also productive in non-peasant contexts that the (European colonial) perception of
what we now call diversity can be seen from the 16th century onward as the beginning
of the demise of peasant seed reproduction, underlining once more that global seed
diversity is not a characteristic of peasant relations.

The	
  Productivity	
  of	
  Peasant	
  Seeds	
  as	
  Part	
  of	
  non-‐Peasant	
  Relations	
  
In this part of the chapter I focus on peasant seeds from an angle that considers
how their specific materiality was gradually put to use to the advantage of non-peasant
forms of agriculture such as plantation economies for internationally-traded
commodities. The goal is to show that these non-peasant productive contexts, spanning
a period between the 16th and late 19th century, were still ‘powered’ by the materiality
of peasant seeds— i.e., by selection and movement across space— even in cases in
which agricultural production as a whole was definitely no longer peasant. A major
difference between the peasant agriculture just described and the new agricultural
context is a change in which the production of plants is not only framed by the
agroecosystem, but by a scale that tends towards the global, even as practically, seeds
continue to be (re)produced through selection/the seed form. In agriculture, this global
scale was created by the movement of people, their labor and agricultural products in
the wake of European colonization from the 16th century onwards. The fact that the
particular materiality of peasant seeds came to play such an important role in this new
productive context and its creation of global ties justifies a new look at peasant seed
materiality from a more global perspective, across agroecosystems.
Perceiving the richness associated with the many different qualities of peasant
crops in the sense of the material qualities we describe through the term ‘diversity’
entails the ability to travel across peasant context to appreciate them as an ensemble.62
One of the most important processes for creating this global perspective was what
62

As far as I know, however, the term “diversity” as applied to crops dates from the 20th century.
Although it was already used in the 1930s by the Russian geneticist and plant scientists Nikolai Vavilov
(cf. Vavilov, 1932) who had an incomparable bird’s-eye-view of peasant agroecosystems as a result of his
plant expeditions (see Chapter 4), the sense in which it is used by contemporary scholarship to describe
peasant seeds dates from the 1980s onwards (cf. Filtner, 1999).
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Alfred Crosby (1973) and other scholars after him have referred to as the ‘Columbian
Exchange’. The colonization of the Americas is a remarkable process not only because
it allowed Europeans a bird’s-eye perception of, and access to, an agricultural
materiality that had been unknown by them and that now presented the so called ‘old
world’ with new material use-value qualities associated with the ‘new’ living
materialities. But as the term ‘exchange’ suggests, this was not just a passive bird’s-eye
appreciation of the crop diversity found by Europeans on the American continent, but a
process that brought together different living beings to take advantage of their material
differences—sometimes in a productive, other times in a disruptive or even destructive
manner.
Despite the dramatic encounter of the living materialities that came together at
the time—horses, pigs, wheat, new viruses such as typhoid and influenza that were new
in the western hemisphere; or maize, potatoes, tomatoes, squashes that were unknown in
the east—the Exchange was not the first instance in which seeds had traveled such long
distances. Ancient empires from China to Persia to Greece maintained trade routes in
which the long-distance exchange of seeds was very important. 1482 B.C.E is the
earliest recorded state-led expedition for gathering plants, commanded by the Egyptian
monarch (Fowler and Mooney, 1990: 40). From the third to the first century B.C.E, the
routes of the ancient trade in silk also served as channels for bringing seed crops from
Persia that arrived in the Far East, including alfalfa, grapes, and later cucumber, peas,
spinach, chives, coriander, figs and safflower. From the Far East peaches were taken to
India, and after the time of Alexander the Great (356-323 B.C.E) rice moved westward
from Asia to the Mediterranean (Harlan, 1992: 198f).
But if seeds had traveled great distances for several thousand years, the
Columbian Exchange was probably the first time that seeds had moved so rapidly. The
ancient migrations of seeds across long distances were fundamentally different from the
migrations of seeds to and from the Americas in the temporal rate at which they took
place. Consider, for example, the banana: It began to be reproduced by farmers in New
Guinea and perhaps also the Indonesian islands around 8,000 B.C.E, eventually
traveling to India two thousand years later, and then taking several millennia until
reaching East Africa around the beginning of the first century C.E. In other words, the
movement of this crop from East Asia to East Africa took several thousand years, i.e., a
period of time that is almost as long as the entire history of its cultivation. Rice, which
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was domesticated in both Asia (8,000-9,000 years ago) and Africa (3,500 years ago)
also changed hands and traveled across agroecosystems very slowly (cf. Khush, 1997
cited in Smith, 2008: 54). It may have reached Persia by 1,000 B.C.E, and in the 7th
century was taken by Arab peoples to northern Africa, Spain and Italy (Smith, 2008:
55). The defining quality of slow travel is that it was not just a move from point A to
point B, but that the movement across space left a trail of peasant landraces of rice,
bananas, peaches, etc. in its wake.
The sudden cascade of transatlantic and even transpacific seeds from the time of
European contact with the American continent is partly a reflection of the rapidity with
which distances were shortened through time of travel. But it is probably as much a
reflection of the impact of the new plants and their particular qualities in the new areas
as a result of their material differences relative to what existed in the so-called Old
World. A brief list of crops that are native to the Americas and had a major impact on
the rest of the continents would include maize, potatoes, peanuts, tomatoes, a variety of
peppers, cassava (also known as manioc or tapioca), many varieties of beans, cocoa,
pumpkins, innumerable squashes and sweet potatoes. The list could also be extended
through a list of other plants that had a lesser impact as non-staple crops outside the
Americas, including amaranth, quinoa, guavas, pineapples, avocados, and sunflowers
(Crosby, 1973: 170ff; Harlan, 1992: 76ff.); as well as by crops that had their greatest
impact a few centuries later as plantation crops not only grown in the Americas but also
in colonial Asia and Africa: Sisal or henequen (a non-edible fiber), tobacco, rubber, and
the cinchona tree whose bark contains the alkaloid from which quinine, the anti-malarial
pharmaceutical, was processed.
Some of the major staple crops traveled to be re-embedded within peasant
production, like maize. Maize found its way as far as China as early as 1511, taken there
either by Portuguese sailors, as a grain tax paid by Spain, or as a tribute by non-Chinese
land traders. It was accompanied by other American crops that became important in
China, including the peanut and sweet potato (Ho, 1955: 194; Bray, 1984: 456). Maize
spread quickly, as Chinese peasants took advantage of the particular materiality of
maize to cultivate rocky and dry uplands where rice could not be grown. The higher
productivity of American sweet potatoes in comparison to the native and ancient taro
tuber was promoted by the Chinese state by the mid 16th century (Warman, 1995: 55).
In Europe, maize spread especially in the south of the continent. Its localized and
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pocket-like pattern of movement suggests that it traveled mostly among peasant hands
through parts of (present-day) Spain, Portugal, northern Italy, Greece, Rumania and
Hungary (Brockway, 1979: 39). In large parts of Africa, particularly in the south and
southeast of the continent, maize also had a great impact as a peasant staple crop, along
with other American crops including cassava, peanuts, and different types of squashes.
In many instances, maize displaced the original African sorghums and millets, and as in
the case of China, it also occupied parts of Africa where the native African rice varieties
could not grow (McCann, 2005: 28).63
Although the new seed staples from the Americas were often integrated into
systems of peasant farming, it is difficult to see them as leaving one peasant system and
(only) entering another, given the important role they played in the context of the
strengthening of capitalist relations in Europe. This is best illustrated not by maize,
however, but by the potato.64 When it was brought to Europe from South America, the
Andean tuber was initially only cultivated in the south of the continent where there was
sufficient sunlight for these first varieties, but selection eventually allowed cultivation
in higher latitudes (Sanderson, 2005: 64). In Ireland, in particular, the potatoes were
quickly taken up by impoverished peasants, becoming a staple by 1650, and thereafter
spreading in similar contexts in England and parts of continental northern Europe. But
the particular materiality of the potato— such as its ability to grow in soils unfavorable
63

Maize cultivation became so rooted in Africa that today, in African countries such as Lesotho, Malawi
and Zambia, per capita maize consumption even surpasses consumption in countries with strong maize
cultures, including Guatemala, Mexico and Peru (McCann, 2005: 9). The (fast) travels of maize around
the world without contact with the peoples who originally cultivated the crop resulted in great confusion
regarding its name. In the United States maize is most commonly referred to today as “corn”. In the
English language, the name ‘Indian corn’ was used by settlers to North America to distinguish the main
grain of the indigenous peoples of North America from ‘British corn’, which referred in general to all
other types of grain of common use in Europe. A 16th century text by Dutch botanist Dodoens tries to
dissipate the tremendous confusion surrounding the grain, its qualities and origin, noting that “they do
[k]now this grayne frumentum turcicum [Turkish grain] and frumentum Asiaticum [Asian grain], in
frenche blé de turquie, or blé sarazin [blé sarrasin is in modern French the name for buckwheat, a plant
that is not at all related to wheat]. In high Douche Turkie [sic] korn: in base Almaigne Torckschcoren
[sic]: in Englishe Turkish Corne or Indian Wheate” (Dodoens, 1578: 464). Despite all the attributions to
maize as being Turkish, Fussell notes that during the Ottoman Empire, maize was called kukuruz,
meaning ‘barbarism’ to distinguish ‘civilized’ wheat from the Balkan and Hungarian subjects who ate
maize, and that the Portuguese confusion of maize and millets has resulted in the Portuguese word milho
(1992: 18). In China, maize has many names that indicate its foreign status, but at least do not add to the
confusion regarding its origin: yü mai, ‘tribute wheat’; yü mi, ‘jade wheat’; jü shu shu, ‘wrapped grain’,
among others (Bray, 1984: 455).
64
Potatoes have been cultivated for at least four thousand years in the Andean region. Similar to maize,
there were ca. 3,000 landrace varieties of potatoes in existence by the time of the Spanish conquest in the
early decades of the 16th century (modern taxonomies, that are not necessarily commensurate with
landraces, consider that there were 1,700 different species (cf. Sanderson, 2005: 63)). The potato was the
nutritional staple of several empires throughout millennia in the region. It was dried, dehydrated and
frozen. It could also be stored in this form for up to six years (Weatherford, 1988: 63f.).
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to other crops; to provide more calories in the same space of land than European grains;
and to ripen in three to four months, as opposed to the European grains needing almost
twice that long, was also noticed by non-peasants (cf. Evans, 1998a: 78f.). Thus, despite
or together with the widespread contempt that targeted this tuber of the European
poor,65 it also began to be viewed more favorably by national economists like Adam
Smith who observed that:
The food produced by a field of potatoes is not inferior in
quantity to that produced by a field of rice, and much superior to
what is produced by a field of wheat. […] An acre of potatoes is
cultivated with less expense than an acre of wheat; […] Should
this root ever become in any part of Europe, […] the common
and favourite vegetable food of the people […] the same quantity
of cultivated land would maintain a much greater number of
people, and the laborers being generally fed with potatoes, a
greater surplus would remain after replacing all the stock and
maintaining all the labor employed in cultivation. A greater share
of this surplus, too, would belong to the landlord. Population
would increase, and rents would rise much beyond what they are
at present (Smith, 1776: Chapter 11: n.p.).

With this logic, in the case that European populations did not immediately appreciate
the economic logic of the tuber as did Smith, the productivity of the potato began to be
imposed as state policy. In Mainz, for example, the archbishop outlawed the
construction of new household ovens, providing villages with a single communal oven,
and levying taxes on their use, as well as on the milling of (wheat, rye) flour— all in
order to break the dependence on traditional grains in favor of the Andean tuber
(Weatherford, 1988: 66f.). In France, potatoes were also encouraged under directed
state policy under Louis XVI, and in Prussia under Friedrich II (cf. Standage, 2009). In
Ireland the potato is considered by some scholars to have been instrumental to
increasing populations from 3.2 to 8.2 million between 1754 and 1845, despite the fact
that 1.75 million Irish emigrated during the same period (Weatherford, 1988: 70). 66

65

Reflecting the stigma against the potato, the tuber was strongly frowned upon in Diderot’s
Encyclopédie of 1765 where it is noted that the root is eaten by peasants in France in various regions
despite the fact that “this root, no matter how prepared, is tasteless and mealy. It could not be counted
among favorable foods; but it provides plentiful and rather healthy nourishment for men who only ask for
sustenance. One is right to reproach the potato of causing winds; but what are winds in the vigorous
organs of peasants and workers?” (Diderot, 1765).
66
More recently, economists have given credit to the widespread cultivation of the potato in Europe for
an increase of 25% in the population of the continent between 1700 and 1900 and a 27-34% increase in
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The productivity of the potato illustrates an important point regarding nature’s
non-identical materiality as a productive force. Maize in China and potatoes in Europe
were a productive materiality because they created differences in societal nature
relations in 17th and 18th century Europe, or in 16th and 17th century China. When the
new materiality of the potato was introduced, its use-value qualities were based on a
material difference relative to the existing constellation of societal nature relations and
in particular the materiality of the plants that were then commonly used in Europe (e.g.
the potato grew faster than rye in a smaller area, etc.). 67 To state that the productivity of
potatoes is a result of material differences vis-à-vis other crops may seem redundant or
obvious in this example. But I point it out because as the materiality of nature has been
transformed not only through seed selection and movement across space, but also by
transforming the living processes of the plants through more complex breeding
techniques (discussed in Chapters 4 and 5), with the conclusion drawn by social science
scholars being that the source of this productivity is only on the dimension of the
technology or breeding technique i.e., or on the social dimension (cf. Chapter 1).
In later chapters I will show that these contemporary techniques and
technologies in fact depend largely on taking advantage of material differences in space
and time that are reproduced by the living processes of the crops themselves but are
stretched slightly using those living processes as a productive force—here, the material
difference between wheat and potatoes, and in other contexts, the differences in the
rates of self-fertilization, for example (cf. Chapter 4). All reproduction techniques
developed in the 20th century entail —as does peasant selection— systematic social
practices. But as I will show, all the transformations of nature, including the most
sophisticated modern molecular engineering, are based to a large extent on harnessing
or re-organizing the spatiotemporality of the plant as a productive force, and are by no
means primarily the result of a socialization of nature. In this case, the productivity
the rate of urbanization (Nunn and Qian, 2011: 597f.). Brockway also contends that together, maize,
peanuts and sweet potatoes have been credited for an ‘explosion’ in Chinese populations in 16th and 17th
century China, growing from 62 to 150 million between 1540 and 1640 (1979: 39).
67
In Europe from the Middle Ages onward and probably until the end of the 19th century, it was common
to express production output as a ratio of grain harvested to seed sown (cf. Evans, 1980: 389). According
to Dalton (1979: 389, FN 9), during the 16th-18th centuries “meagre” seed ratios of 1:3 or 1:4 were not
uncommon in field crops such as rye and wheat, meaning that as much as one-third of arable land had to
be used to raise seed for the following season. In this context, in the 16th century, maize was favorably
noticed in Europe as “the lazy man’s grain” for its impressively high ratio of “at least three hundred-fold
and often much more” for each grain sown (Evans, 1980: 389), while the best ratios for European grains
in the first half of the sixteenth century were, for each grain sown, 9.7 grains harvested for wheat, 9.1 for
rye, 7.4 for barley and 5.4 for oats (Warman, 1995: 27f).
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entails taking advantage of the seed’s material form to amplify/accelerate the
spatiotemporal discrepancies between a crop and its existing societal nature relations,
i.e., in this case to exploit this material difference by moving the potatoes from the
Andean region to Europe and practicing selection. It is a process of rearranging of
societal nature relations in which the materiality of nature, its own historical materiality,
plays a key role.
The movement of crops not only went from west to east, but also vice versa.
And especially (but not exclusively) in that direction, the (re)production of material
differences brought about are not always fittingly described as productive, but as
destructive forces. One of the most dramatic illustrations of the productivitydestructivity created by material differences are not plants but animals and
microorganisms: Although not a product of conscious selection, exploiting material
differences among their host organisms, unicellular or viral organisms like typhus,
smallpox, measles, and influenza were responsible for the deaths of millions of people
on the American continent. Likewise, the horses and pigs, cattle and sheep that were
introduced, had a similar toll on the populations of native animals such as the Andean
llamas. In the decades after the conquest, horses roamed in hundreds of thousands, as
did similar numbers of cattle. Where the cattle overgrazed the land, they left such vast
areas devoid of vegetation that they sometimes starved, upon which new weeds from
Europe moved in, including ‘Old World’ weeds that “had not had such an opportunity
[to expand] since the invention of agriculture” (Crosby, 1986: 150f.). Describing the
layers of productivity and destructivity caused by living organisms taking advantage of
material discrepancies in space and time could go on indefinitely.
In the examples just given, the movement of the seeds from one region to
another may have no longer been initiated through peasant relations, but upon reaching
their destination the seeds were still used—i.e., cultivated and again reproduced— by
peasants—even if the peasant production of potatoes had the effect of freeing up a
greater proportion of labor to work in cities and raising rents on land, conditions that
over the long run led to a process of de-peasantization, and therefore to a demise of the
reproduction of peasant plant materialities. However, especially from the end of the 18th
and into the 20th century, seeds from the Americas continued to be moved from one area
to another and selected, but no longer by peasants or for peasants’ use. Instead, the
peasant seeds began to be moved across European colonies in Asia, the Americas and
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Africa to be grown in plantation economies, a context that is worthwhile looking at
separately. In plantation economies, seeds were moved in the interest of producing an
international commodity. Later in this chapter, I will discuss the difficulties that peasant
seeds eventually posed to industrial agricultural commodity production from the
beginning of the late 19th century onward and describe how they motivated a search to
transform the materiality of plants in order to create plants more appropriate to that type
of production. For this reason it is interesting to focus briefly on a period in which the
materiality of peasant crops did not yet present a problem, but was rather a boon to a
first wave of international agricultural commodity production.

The Productivity of Peasant Seeds outside Local Agroecosystems
Plantation economies are production systems with a distinctly different
production logic to that of peasant agriculture. The environment surrounding the plant
in plantation economies can hardly be considered an agroecosystem in the sense of a
high degree of spatiotemporal variation. Because plantations are based on economies of
scale, the multidimensionality of the agroecosystem is more of a nuisance than an
advantage from the point of view of the productivity of the plantation system: In a
peasant agroecosystem there are too many material qualities that contradict the goal of
producing a single plant substance for the world market, such as sugar. Nevertheless,
into the late 19th century and even into the early 20th century, the materiality of peasant
seeds was a major factor in successfully running the new transnational plantation
enterprises given the fact that they created material use values that were otherwise
inaccessible (such as rubber) or were a cheaper replacement for other materials (indigo
in the place of woad, for example).
While the key material quality was supplied by some part of nature as it had
been (re)produced in peasant systems, in these monoculture environments a new
production logic sought to rationalize the environment in which the plant grew. For
example, in 18th Century Prussia, this rationalization came as an answer to the problem
of declining wood mass from the king’s forests (Lowood, 1990). As part of the new
forestry science that emerged in this period, the “mathematician’s forest” became “not
populated by the creations of undisciplined nature, but by the Normalbaum” or standard
tree (Lowood, 1990: 329). The Normalbaum was an attempt to simplify the
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spatiotemporal multidimensionality of forest ecosystems and agroecosystems, “all those
trees, bushes, and plants holding little or no potential for state revenue” (Scott, 1998:
12). These included the particular materiality reproduced by the ancient peasant use of
the forest: Foliage for fodder and thatch; fruits as food and fodder; twigs and branches
used as bedding, fencing, utensils, tools, toys; the medicinal properties of leaves of
trees, bushes and weeds; bark for boiling and dyeing; sap for resins; the habitat for
species that were hunted; berries, nuts, mushrooms that were gathered; underbrush used
for pasturage; branches for making charcoal; the forest as a place for worship and
refuge; and of course agroforestry systems of food crops that grew in the forests (ibid.).
While in the peasant forest, trees were not reproduced as crops through the seed
form, selection took place more indirectly through the peasant use—or nowadays one
might say ‘management’—of all the various plants and animals that interacted in the
forest depending on which seedlings were encouraged to grow and others removed,
etc.68 The Prussian state’s focus on yield sought a simplification of the agroecosystem
of forests to “always deliver the greatest possible constant volume of wood” (Lowood,
1990, citing Hartig, 1825). Mathematicians first worked on principles to specify the
volume of saleable wood contained in a Normalbaum of a given size-class from which
tables were developed that showed wood output based on conditions of ‘normal’ tree
growth. An important step included eliminating the materialities of multiple types of
trees, including their dissimilar times to maturation and qualities of wood, and replacing
them with a single variety, typically the Norway spruce, which became the “bread-and
butter-tree” of commercial forestry (Scott, 1998: 19). Agroforestry—growing crops
along with trees in forest systems had no place in the new schemes for producing larger
wood volumes. Monocultures of trees planted in rows made it “easier for state foresters
to count, manipulate and assess” the new ‘forest’ consisting of linear alleys (Scott,
1998: 15) that facilitated planting, managing, felling, and, in short, reproducing the one,
standardized wooden materiality of the Normalbaum.
Outside Europe, too, a similar rationalization was sought in colonial plantation
enterprises. But this new form of production profited— in both senses of the word—not
only from the new rationalization of agroecosystems and the materiality of peasant

68

The degree to which the materiality of trees was transformed through this was much smaller than that
of annual plant crops via seed selection. The ‘selection’ of the trees in this sense is probably comparable
to hunter-gatherers’ interaction with plants as discussed earlier.
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seeds, but also from the material qualities of the coerced labor of former peasants.69 In
fact, coerced labor in the Americas and the new movement of seeds appear as synergetic
forces: Very quickly after the colonization of the Americas, maize was brought to
Africa. Relative to the native African millets, the new, fast-growing American grain was
productive not only for local peasant farmers but also for the slave trade. Since maize
matured quickly and could be preserved easily in dry form, it became the principal form
of sustenance for West African slaves during their transfer to various parts of the
Americas. Sometimes beans, also of American origin, supplemented the maize grains
during the transatlantic journey. Slave ships carried 12 tons of maize for a journey of 45
days transporting 250 slaves (Warman 1995: 74ff; cf. also Crosby, 1973: 186). Here,
peasant seeds are used to create a new type of plantation agriculture that would
negatively affect peasants and peasant production, and therefore also in the long term
the reproduction of the materiality of peasant crops. For example, according to an expert
on peasant seeds in Mozambique, slave labor in the local plantations of sisal and cotton
from the 18th century onward led to a significant loss of knowledge regarding traditional
peasant seeds at that time (personal information, 2012).
Transcontinental flows of coerced labor and seeds crisscrossed the globe,
creating a new kind of destructive productivity: Seeds of crops such as cocoa, rubber,
cinchona and sisal were taken to Asia to be grown by former peasants coerced to work
as indentured labor on plantations in India and Indonesia. Indian peasants were recruited
by the hundreds of thousands to emigrate from India to places such as Guiana and the
British Caribbean, as well as Mauritius and Fiji, working as indentured plantation labor
under contract to farm the new American seeds (Brockway, 1979: 28f.). In the North
American colonies, former rice-growing peasants in West Africa were explicitly
enslaved based on their knowledge of producing this ‘Old-World’ crop that had thus far
failed among European settlers (cf. Faust, 1983). This comparison of the movement of
living organisms, both people and plants, is interesting because it suggests again that the
usefulness/productivity of living materiality is a result of a tension between similarities
and differences and is not only a quality of how plants were made productive but also of
how other living materialities are inserted in a productive context more generally. For
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In Prussian scientific forestry, peasants were perhaps not used as coerced labor in the demise of the
forest agroecosystem but they were also affected by the rationalization of the Forest. According to Scott,
“The monocropped forest was a disaster for peasants who were now deprived of all the grazing, food, raw
materials, and medicines that the earlier forest ecology had afforded” (Scott, 1990: 19).
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what was being exploited with slaves was also a difference in the material quality of
labor—either because there was insufficient labor in the Americas or because the
enslaved African peasants had other knowledge and skills for producing African crops
in the Americas. As part of this inextricable mixture of society and nature processes, the
global movement of labor power must also be seen as a nature materiality different from
its social form, i.e., as different qualities of (the living process of) human labor.70
Despite the significant change in the mode and scale of production of industrial
versus peasant crops— sometimes spanning thousands of hectares in the mid 19th
century and therefore creating an environment far removed from a peasant
agroecosystem— the material productivity of these systems was still based on a peasant
plant materiality, even though it was also countered by the fact that the plants were no
longer being reproduced as part of agroecosystems: It consisted in ‘exploiting’ or
stretching time-space divergences by selecting and moving seeds from one place to
another. One might even see this period as a grand-scale exploitation of everything that
this ancient peasant way of reproducing seeds through selection and movement in
space—but now abstracted out of the peasant agroecosystem—could possibly offer. The
colonial enterprise of plantation economies often consisted in taking seeds from one
location (such as the coffee, cocoa or vanilla seeds from Latin American countries like
El Salvador or Nicaragua by German botanist-smugglers in the late 19th century);
sending the seeds back to Europe, where institutions such as botanical gardens (in this
example, the new state-sponsored botanic garden in Berlin) would record, classify, regerminate, and redistribute the seeds for re-shipping to be cultivated in the plantations
of their colonial territories on a large scale (in German colonial territories such as
Cameroon, Togo, German South-West Africa and parts of East Africa) (cf. Flitner,
1995: 33ff.). Similarly, Britain came to control the trade in cheap tea by identifying the
source of the tea bush in China and smuggling out the tea seeds and plants. Following
this move across space to India, they were selected for optimal production in mass
plantations by enterprises such as the East India Tea Company.
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This use-value quality or materiality of labor is also the basis for Marxian value theory that assumes
that the materiality of labor is not only useful in its ability to produce new use-value qualities, but also in
its particular ability to physically produce more value than is needed for the material reproduction of the
human body. The point is not an essentialist claim about labor, but just the opposite. The material
differences between living power (in human labor, as well as in plants) can be exploited by taking
advantage of material differences, including the different qualities of labor, and not as a process of greater
identity to a given social form, as would be suggested by the social nature scholars reviewed in Chapter 1.
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Stretching Beyond the Seed Form of Plants
An interesting point, regardless of the crop or the land of origin, is that
expeditions like the ones just described collected seeds, but also a large number of
growing plants. I was surprised to discover this, for it would seem that the
spatiotemporal hiatus of the seed form would be practical from the point of view of the
large-scale seed looting that was taking place, an ideal form for the botanical booty to
be sent back to Europe and then onward to its final plantation destination. But in fact,
for the purposes that they were taken, seeds were not always the most practical material
vessels, underlining a growing tension between peasant plant materiality and the
agricultural commodities; and foreshadowing some of the limits that peasant seeds
posed from the point of view of the development of non-peasant agricultural economies.
To understand why the “plant-hunters” (Tyler-Whilttle, 1970) pursued not only
seeds but also living plants as their ‘prey’, the movement of seeds must be put into
context. Although it would seem that the movement of seeds simply followed the
ancient pattern of peasant migrations and ancient trade through which seeds were
moved from one location to another, the change in temporal scale, in particular,
mattered significantly. Consider again the speed of the movement of new crops in
comparison to older plant migrations. For example, sugarcane was cultivated since ca.
8,000 B.C.E by peasants in present-day New Guinea, traveling over thousands of years
through India and Southeast Asia and reaching Persia by the 6th century C.E. From there
it went on to Egypt and Syria, and reached Cyprus in the 10th century and Sicily in the
11th century (Mintz, 1985: 19; Braudel, cited in Brockway, 1979: 47). By contrast, by
the time of the colonization of the Americas, plants were traveling at far greater speeds
relative to the long distances that they crossed: For example, the transfer of 100,000
Chinchona seeds from Ecuador to India— where they were cultivated for the antimalarial substance derived from the bark of the tree— took only three months in an
expedition in 1860 (Brockway, 1979: 113f.). In the context of the colonial plantation
economies, the migration of seeds broke radically with peasant temporal scales. Again,
in earlier migrations, to say that a seed went from India to Europe, for instance, does not
mean that the same seed that left India arrived in Europe. As discussed earlier, when
seeds traveled with peasants, the plants changed slowly and adapted to new
agroecosystems along the way, leaving a trail of many landraces in their wake. But
when seeds were now being moved at very fast speeds, a cocoa seed that left Mexico
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and traveled, via Berlin, to Togo (cf. Flitner, 1995: 34ff.), the seed that arrived in the
Gulf of Guinea was the very same seed that had left the Gulf of Mexico. Comparable to
a contemporary case of human jet lag, the new seeds of the 18th century had no time to
adapt to a completely new space. Their materiality was frequently ‘over-stretched’ with
the result that the seeds could not always be coaxed to germinate. For this reason,
colonial seed entrepreneurs were sometimes more successful in reproducing the first
plants based on other plant forms— from seedlings, or in some cases from plant shoots
or bulbils.71
Moreover, in contrast to the seed of the lotus plant, which, as noted above, could
still germinate after hundreds of years, plant-gatherers realized that the seeds of the
precious rubber plants taken from Brazil to be grown on Asian plantations such as India,
Ceylon or Malaya only remained alive for a period of a few months and were therefore
not always ‘viable’ long enough to make the journey to Asia via Europe. Brockway
notes that of 2,000 rubber seeds sent from the Amazon region to Kew botanic gardens
in London, only one dozen seeds (or less than one percent) germinated, and other
shipments failed to germinate altogether. For this reason, the botanists were out to
gather not only the seeds, but also any other elements that would be likely to ensure
their reproduction in their final destination. Ideally, therefore, they collected everything:
As large amounts of seeds as possible, but also cuttings, seedlings and even entire
young plants, as difficult as these were to keep alive across the overseas journeys.72 And
to ensure that the precious booty would be of practical value, the botanical hunters in
this period of ‘classical biopiracy’73 were not only after the living organisms but also
after as much as possible of their socio-cultural context, that is, the social material
dimensions of the agroecosystem: Plant hunters were required to keep journals and
71

Bulbils are small bulbs that form on some plants between some leaves and stems. The plants that
produce these can be reproduced by taking the bulbils and planting them directly.
72
The transport of young plants was, however, revolutionized with the invention of the ‘Wardian case’
from the 1830s onwards. The cases were a sort of portable greenhouse made out of glass or some other
non-porous material into which the seedlings could be put. They remained unopened until the arrival of
the plants at their destination. This invention significantly improved the numbers of plants that arrived in
Europe or in the European colonies. The relatively unchanging greenhouse environment avoided
experiencing such brusque changes in temperature, humidity, damage by animals or people as the plants
traveled by land and then on the long sea voyages (Tyler-Whittle, 1970: 122ff.).
73
The term ‘biopiracy’ is a neologism coined to refer to the current search for plants by researchers or
entrepreneurs interested in new and unknown material dimensions of the plants (cf. Wullweber, 2004;
BUKO Kampagne Gegen Biopiraterie, 2005). Yet there are many similarities with earlier ‘plant hunting’
as just described, including for example, the interest in the knowledge of peasant or indigenous peoples
who use the plants and also often a commercial interest. To speak of ‘classical’ biopiracy is to underline
the continuity of the process (cf. also Chapter 5).
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write letters with descriptions of what they found; the exact conditions and practices
under which they were cultivated and what they were used for. This written information
was to be sent back (often in duplicate mailings, in case the correspondence was lost) at
regular intervals to the institution financing the plant piracy (cf. Tyler-Whittle, 1970:
186). The colonial plant looters also sent back dried plants that had been mounted and
pressed onto papers, providing important information for the study of the plant. Based
on this information about the societal nature relations of the agroecosystem that had
historically reproduced these plants, plantation botanists in the colonies tried to recreate
diverse elements of the original agroecosystem in the new plantation environments.
It is clear that the productivity of the plants was, on the one hand, dependent on
everything that would have made a plant such as cocoa, a peasant plant until that point:
Reproduction and transformation via seed selection and the movement across space
over 1,500 years of peasant seed exchanges. At the same time, its productivity was
being stretched to a historical limit in two interrelated ways. First, as argued earlier, a
peasant plant materiality does not exist—meaning: historically, it did not exist—outside
the context of the agroecosystem: its climate; the multidimensionality of its living and
non-living environment; the practices of the farmers reproducing them; and the slow
movement across space. Therefore, a contradictory tension was created in that the seeds
were being used for qualities that were the result of their historical peasant reproduction
in agroecosystems, but they were no longer being reproduced according to these
historical conditions. Just the opposite, in plantations, seeds were reproduced to be
useful in the spatiotemporally ‘flattened’ plantation environment. The goal in the
plantation was to reproduce cocoa butter or latex rather than the multidimensional
agroecosystem of plants, animals, soil, temperature and place-specific relations and
processes, of which cocoa or the rubber tree were but one material dimension.
Second, in addition to abstracting from the agroecosystem, peasant seeds started
to be sought out not only for (re)producing cocoa or vanilla per se, i.e., for reproducing
materialities that had hitherto been unavailable in Europe, but to find new and
differentiated qualities of these plants (Flitner, 1995: 31). Attention centered therefore
not only on finding the crops, but upon using the spatiotemporal specificity of landraces
as another source of productivity to diversify the materialities being commercialized. In
an interesting passage from an 1890 congress in Vienna, two agronomists, Maximilian
von Proskowetz and Franz Schindler, gave a talk with the following title: “What
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relations of value exist between landraces of agricultural crops and the so-called
breeding races [Züchtungsrassen]?” Voicing their concerns that the possible qualities of
landraces were not being used to their full potential for the development of new or
advantageous ‘breeding races’, they demanded
The investigation of the efficiency, the use- and breeding value
of landraces through exact trials in various places (…), [the
creation of] experimental stations for breeding agricultural plants
whose individual traits and attributes [Eigenschaften und
Merkmale] should be researched and evaluated according to
scientific goals (…) (Schindler, 1890, cited in Flitner, 1995: 39f.,
emphasis added).
The procurement of plants and their productivity was now seen as linked to particular
qualities of the plants and their standardization, rather than the materiality of the new
agricultural commodity as an entire plant. In the rest of this chapter, I will show how
this interest in and use of peasant landraces as sources of such ‘traits and attributes’
developed. I will look more closely at the production dimension rather than the
reproduction of plant transformation, contextualizing it within a specific period of
capitalist production at the end of the 19th century. To do so, I will engage again with
the Regulation approach presented in Chapter 1, as well as with a related approach
known as Food Regimes.

Building	
  a	
  World	
  Power	
  on	
  the	
  ‘Desirable	
  Qualities’	
  of	
  Peasant	
  Landraces	
  
As discussed in Chapter 1, the Regulation perspective offers an analytical
framework for contextualizing some of the recent institutional regularities in capitalist
societal relations. By describing regularities in the production process, the Regulation
approach can be useful in contextualizing how the peasant crop materiality described in
this chapter is situated as part of specific productive processes such as agricultural
plantations, but also within the larger productive relations of a specific period.
However, because Regulation scholarship itself has not dealt with agriculture in depth, I
turn to a related analytical perspective known as ‘Food Regimes’. Based on similar
theoretical premises as Regulation, it has the advantage of focusing directly on the role
of agriculture and on food production and consumption.74
74

Food Regimes is close to Regulation in identifying stable food regimes interlinked by other periods of
instability. Agricultural production and consumption is viewed in relation to (as it shapes and is shaped
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With the goal of defining the role that agriculture has played in specific phases
of capitalist relations, in 1989 Harriet Friedmann and Philip McMichael wrote a seminal
paper that gave rise to an approach known as ‘Food Regimes’. Food Regimes contrasted
with the then dominant approach to understanding the role of agriculture within the
‘Rural Sociology’ of the 1970s and 80s, and its focus on the farm as a productive unit. It
also differed from the Eco-Marxist approaches and their more general, macro-level
perspective (both discussed in Chapter 1). Friedmann and McMichael proposed that
historically-defined Food Regimes framed and were framed by agricultural production
as part of capitalist relations, linking “international relations of food production and
consumption to forms of accumulation broadly distinguishing periods of capitalist
transformation since 1870” (Friedmann and McMichael, 1989: 95). With periodizations
very close to those of Regulation Theory, Food Regime scholars identified two central
Regimes in which the production and consumption of food play an important role in the
stabilization of particular capitalist relations.75 Strongly echoing the concept of
institutional regulation, “a food regime comprise[s] of a series of key relationships,
often enshrined in rule-making and enforcing institutions (including imperial/national
policy, trade policy, institutional forms of land-use/farming, company regulation,
commodity complexes, labour relations, consumption relations in the industrial core)”
(Campbell and Dixon, 2009: 263).
What is useful about this approach from the perspective of the dissertation is that
these broad societal relations are “expressed through patterns of circulation [and
production] of food” (McMichael, 2009: 140), suggesting a framework for
understanding the (non-identical) dimensions of food (plant) reproduction. In other
words, it creates a way of capturing food that grew in a particular way; and that is
inserted into production considering not only on valorization processes but also material
qualities such as hardiness to withstand transportation, or its ability to adapt to the new
soils and climates where the crops were now produced. As I will discuss, however, even
as Food Regimes at times touches on the material dimension of food—for example, by
by) particular forms of accumulation (cf. Friedman and McMichael, 1989: 95; Campbell and Dixon,
2009: 263). Some scholars working within the regulation framework on agriculture have related directly
to Food Regimes in the past, both in the United States (cf. Kenney et al., 1989) as well as the francophone
Regulation scholarship (cf. Allaire, 1996).
75
The first Regime spans a period from ca. 1870-1914. In Chapter 4, I will also discuss the Second
Regime, from ca. 1945-1975. Some Food Regime scholars have identified a third Regime, but there is no
consensus around this (cf. Friedmann, 2009: 335). I will address the issue of a third regime from the
perspective of my research in Chapter 5.
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identifying the production of durable versus non-durable foods; or by highlighting the
substitution of processed carbohydrates and oils to replace what was reproduced directly
by the plant or animal— its analysis remains squarely within the political economy
tradition, with its main focus primarily on valorization processes rather than on material
aspects of agriculture: Food as a commodity; agriculture as an input for the creation of
industrial goods; food as a cheap or expensive foodstuff that lowers or raises the cost of
labor, etc. Nevertheless, the attention to the transformation of food, rather than the
abstract process of value creation in agriculture provides a good point of departure for
reflecting on the non-identical dimension of these processes, that is, on the plant (or
animal) material reproduction of that same food, qua plant, in relation to production in a
concrete historical period.
In this section of the chapter, I rely on the premises of Regulation/Food Regimes
to contextualize a new approach to farmers’ landraces in the United States during the
First Food Regime. The First Regime frames a period between 1870 and the First World
War during which European imports of particular agricultural staples underwrote new
capital relations in that continent and the growth of new food markets, reorganizing the
older production and consumption constellations based on European colonial trade
monopolies (Friedmann and McMichael, 1989; Friedmann, 1978). As I discuss how the
materiality of peasant seeds was inserted into the productive relations of this period, I
will also show that some of Food Regimes’ central assumptions about this period of
production in fact hinge on material qualities of the crops in question that have not been
recognized as part of the Regime, but are critical to its central characteristics.
Specifically, I argue that how agricultural plants were reproduced was essential to
production during the First Regime, by continuing to ‘stretch’ the peasant materiality of
crops by focusing on specific ‘traits and attributes’ of landraces as a globally-available
ensemble.
A new relationship between agricultural production and capital accumulation
during the First Regime grew out of a reorganization of European economies and their
colonial relations. Europe still depended on the “complementary” import of colonial
“tropical products” as the “raw materials for industry” including cotton, timber, rubber,
indigo, jute, copper, tin; and mass-diet (but non-staple) products for the working
classes, including tropical vegetable oils, tea, coffee, sugar and bananas (Friedmann and
McMichael, 1989: 97f). But towards the latter third of the 19th century, the import of
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two new foodstuffs came to play an essential role: Meat and wheat, not from traditional
European colonies, but from the independent nation-states settled by emigrating
Europeans: The United States, Australia, Canada and Argentina (McMichael, 2009:
141). In the following, I focus only on wheat, discussing how it was reproduced in the
second half of the 19th century in the United States. By contrast to the Food Regime
analysis of wheat, however, I draw attention to this grain not as an international
commodity, but to its non-identical dimension: Wheat (landraces) as peasant crops
whose multidimensional materiality was reproduced in ways that allowed the crop to be
produced in the manner recognized by Friedmann and McMichael.
Wheat has been identified as an economically-important crop in this period not
only by Food Regimes scholars, but also by historians who have even expressed wages
during the late 19th century and early 20th century not as money values, but as kilograms
of wheat (cf. van Zanden, 1991). According to Food Regimes analysis, wheat was
central in that, by the end of the 19th century, it was being produced cheaply, affecting
the wage relation among European workers by lowering the cost of (reproducing their
material) labor. Food Regimes scholars identify several factors that made wheat
production cheap: The first is the vast areas of new land on which wheat production was
expanded—the center, center-south and western plains of the United States and
southwestern Canada; Northern Argentina; and South and Western Australia. As a
result of the amount of land added, the world cultivation of the crop increased by 50
percent between 1840 and 1880, with the United States and Australia accounting for
half of the expansion (cf. also Fowler, 2000: 623f; Danbom, 1979: 39). Second, as
Friedmann had argued in an earlier study of 19th century wheat production, growing this
crop in the settler countries was competitive, because the crop was farmed at decreasing
labor costs as a result of new planting, harvesting, binding and threshing machinery that
greatly decreased the amount of labor necessary to farm such vast areas. This
mechanization made it possible to farm using only the labor power of family farms,
typically “a man and his son” (Friedmann, 1978: 567). Finally, wheat was cheap
because there were new steamships and railways that cut the cost of transportation of
agricultural goods around the globe (Friedmann and McMichael, 1989: 100). Given this
productive context, although the productivity per area of wheat farming (the volume or
mass produced per area of land) was three times lower than in England, the new wheat
flooded international markets, significantly decreasing the price of the staple European
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grain (Friedmann, 1978: 551), and therefore the bread—or more likely the porridge—
eaten by European workers.
What is not considered by Food Regimes scholars, however, is the materiality of
wheat in this process. It is assumed that wheat—perhaps like the many industrial goods
manufactured in Europe at the time that were exported to the United States—could
simply be transplanted and unproblematically produced anywhere in the new settler
lands. They do not consider that, as a living organism, wheat first had to be adapted,
materially ‘recalibrated’, to growing in the new ecosystems. Growing wheat so rapidly,
on such a large scale and in such widely diverse regions where the grain had never been
cultivated was only made possible through what Olmstead and Rhode have described as
a series of “biological innovations”—or in my terms, transformations in how the wheat
plants were reproduced — “a relentless campaign to discover and develop new wheat
varieties… to allow the wheat frontier to expand” (Olmstead and Rhode, 2004: 44).
In the following, I make three points. First, I describe some of the
transformations to the wheat plant that were necessary for it to be grown not only
‘cheaply’, but to be physically grown at all in the new areas, arguing that these material
aspects of plants are part of the key underpinnings of the First Regime. Second, I show
how these transformations were approached by searching for particular, targeted
qualities among peasant wheat landraces, consisting in an approach to peasant crops that
continued to rely on their materiality, while at the same time searching to standardize
them in the context of industrial relations. Finally, in the last section of this chapter I
show how the qualities of landraces even began to be approached in isolation from the
landrace itself, targeting particular plant individuals as part of a search for a new way of
reproducing plant materiality beyond the boundaries of peasant seeds.

Reproducing ‘Cheap Wheat’
Around 1840, wheat production in the United States was concentrated between
Ohio and northern New York. But over the next six decades, wheat farming was
brought west of Ohio, including areas that became the states of Nebraska, Kansas, the
Dakotas, Washington, Montana, California and Texas (Olmstead and Rhode, 2004: 57).
Adapting wheat to these new regions was not a straightforward task, especially given
the extreme and harsh environments in which wheat had never before been cultivated,
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as well as the vast differences among ecosystems in each of these regions. In 1900,
Mark Carleton, a wheat specialist for the United States Department of Agriculture
(USDA) wrote an extensive report on wheat cultivation in these new areas and how it
had been achieved in previous decades.
This and other documents written by Carleton himself, but also later studies
(Reitz, 1954: 253ff. Olmstead and Rhode, 2002) show that without the necessary
adaptation of the wheat plants to these very difficult environments, not only would
wheat not have become the key international commodity that Food Regimes scholars
have identified; but indeed “vast areas of the Great Plains [of the United States] would
not have been able to sustain commercial wheat production” at all (Olmstead and
Rhode, 2004: 45). Moreover, adaptation was not a straightforward task given the
spatiotemporal diversity of environments in the new areas where wheat was found.
Carleton observes that the United States comprises of at least eight very different
‘districts’ with topological qualities that affect how wheat was grown. “In fact”, he
writes, “in some cases [the districts] are as different from each other as though they lay
in different continents” (Carelton, 1900: 9). The eight districts are shown in a map
Carleton includes in his report, reproduced in Figure 3.3.

Figure 3.3: Wheat Reproduction in the United States at the Turn of the 20th Century
The plate on the left shows the expansion of wheat cultivation in the United States between 1939 and
1900. From the 1840s onward, wheat production expanded from the easternmost part of the country to
include the seven other areas shown on the map, including the west coast. Peasant seed reproduction—
now carried out by professional breeders like Carleton—was crucial for the reproduction of wheat as a
basic staple in the First Food Regime. It transformed wheat landraces from the world over into “varieties
of the United States” as indicated on the map. The plate on the right also stems from Carlton’s 1900
report. It shows machinery for harvesting and threshing using the power of over 30 horses.
Image sources: Carleton, 1900: title page; figure 1.
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A first important transformation of the plant to make wheat cultivation possible
was recalibration of the temporal ‘axis’ of the plant, that is, the number of days a variety
needed from sowing until maturation. Hastening the time until harvest was important to
wheat production because the shorter temporal cycle of the plant (harvesting one to two
weeks earlier; or planting in the fall, for example) rendered the plants, “in most seasons,
more likely to escape damage by rust” (Carleton, 1900: 11). Rust, a fungus that looks
like a brownish ‘rusting’ of the plant stems or leaves—in addition to midges, chinch
bugs, and flies—were diseases that often devastated entire field crops in the new areas
(ibid., 12), representing a major obstacle to farming there (Hitchcock and Carleton,
1893). Thus, finding wheat with the specific quality of maturing more quickly or
adapting it to become a winter variety was necessary for reproducing of wheat in the
new ‘districts’ identified by Carleton.76
In addition to avoiding pests, shifting the temporality of the plants to mature
earlier also allowed the crops to adapt to other conditions, especially to the new, very
dry or very cold environments, further north and west than ever previously grown in the
American continent (Carleton, 1900: 14). These differences of a few days in the
temporal cycles of the plants made all the difference in expanding the wheat farming
frontiers in the United States and Canada. As Reitz has shown, over the course of
several decades, the centers of wheat production rapidly jumped further westward,
starting in the state of Pennsylvania in ca. 1839, and reaching out westward close to
4,000 km across the plains of the west by the early 1900s (Reitz, 1954: 253, Figure 2;
cf. also Olmstead and Rhode, 2004: 60, Figure 2.1).
Moving the wheat frontier—that is, transforming plants to grow here—was still
based on the peasant technique of seed selection and movement across space. However,
this ancient technique had a new ‘twist’ to it: As discussed above, the ages-old peasant
transfer of seeds, the 16th-century Columbian Exchange and even the transfer of crops
for use in plantations in the centuries thereafter entailed collecting seeds and, once the
seeds had reached their new destination, adapting them gradually via selection to the
new environments. By contrast, now a process of worldwide surveying of the wheats of
the world was set in motion to identify the particular “traits and attributes”—as defined
by the Austrian breeders quoted earlier—with qualities to optimize good growth in the
76

Winter wheats are plants that have been selected to be sown in the fall. They germinate in the winter,
but further development ceases until there is sufficient warmth in the spring. Winter wheat has the
advantage that it ripens in the summer months and therefore earlier than spring wheat varieties.
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new regions they were taken to. For example, the famous wheat type known as ‘Red
Fife’ stood out as a variety with the particular ‘attribute’ of being ready for harvesting
ca. 10 days earlier than other varieties and was therefore taken up widely by wheat
farmers, moving out the wheat-growing frontier of the Great Plains from the 1850s
onward (Ball, 1930: 55; Carleton, 1920: 7).77 Later, Red Fife was replaced by a popular
variety known as ‘Marquis’ that “further cut the ripening period by seven to ten days,
thereby providing significant rust protection” (Olmstead and Rhode, 2004: 48). Like
Red Fife, there were many other wheats with a combination of the right ‘traits and
attributes’ being identified and quickly tested in new areas by breeders like Carleton:
Gold Coin, Red Wonder, Early Red Clawson, Purple Straw, Everett’s High Grade, etc.
(Carleton, 1900).
The point is that Carleton’s work entailed not so much adapting a crop through a
longer process of selection as was done by earlier colonial enterprises for many of the
plantation crops, but surveying for landraces that were already more or less appropriate
for growing in a certain region and were “sources of desirable qualities”—the subject of
an entire section in his report (1900: 25ff.; 27). These included specific qualities such as
“early maturity”, “excellence of gluten content for bread making”, “yielding power”,
“resistance to drought”, (1900: 28); “excellence… for making macaroni”, “stiff straw”
(ibid.: 30); “resistance to orange leaf rust” (ibid.: 32), among others. For exporting
wheat, Carleton notes that in addition to the above, the harder wheats are more
appropriate (ibid., 22; 40). Although the report does not use the term ‘landraces’ in
connection with these qualities, as do the Austrian breeders quoted earlier, the wheat he
describes is evaluated in the same sense: Particular varieties of the many peasant
varieties of the grain as the source of specific qualities useful in some aspect of
production, either on the field or post-harvest.
As “sources of desirable qualities”, Carleton looked not only to what was
already being grown in the United States, but his horizon became the entire
“distribution [of wheat] throughout the world” (ibid.: 25ff)—the global diversity of
farmers’ wheat landraces. In a later book, Carleton identifies the new successful wheats
as products of this geographic distribution and the ability to access the right qualities
needed from this broad spectrum. For example, Red Fife could be traced back to
77

There are many wheat varieties with ‘red’ in their names. It is because the hulled grains are reddish
with a brownish covering that make them different from other ‘white’ wheat varieties.
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Danzig, Poland, and beyond there most likely to Russia, but came to the American
continent via Scotland and Ontario, Canada (Carleton, 1920: 7). The names of the
varieties do not always accurately reflect their origin, but it is clear that they did span
vast areas: The hardy winter types known as ‘Turkey’ were brought to Kansas from the
black sea region, but in this case from Crimea in the 1860s (cf. Carleton, 1920: 159;
163). This highly popular type allowed sowing in higher latitudes and was also prized
for the better quality of the flour itself (ibid.: 164).78 In the Pacific Northwest the wheats
introduced came from Chile and the so-called ‘bluestem’ varieties came from Australia.
Carleton himself also traveled to Russia, returning with very ‘desirable qualities’
indeed, such that in the following years over half of the wheat sown in large areas such
as Kansas was of a single variety called ‘Kharkov’, well adapted to very cold and dry
climates (Olmstead and Rhode, 2004: 81; cf. Isern, 2000).
Another difference to note is a new approach to plants, illustrated by the role of
the crop “breeder” like Mark Carleton himself (cf. Carleton, 1900: 65ff.). ‘Breeder’ by
now described a seed-reproducing professional, working systematically with
agricultural varieties of plants or animals to ‘improve’ them in some manner. Breeding
was upheld by the new notion that it was not necessarily farmers themselves that ought
to reproduce seeds but rather that this could or even should become a task for a
professional (cf. Chapter 4). Carleton tested over 1,000 different varieties of wheat (cf.
Ball, 1930: 63; Olmstead and Rhode, 2004: 48)—a number far higher than individual
farmers would ever be able to select as part of their farming practice. In this new
context, the role played by farmers vis-à-vis the breeder was reconceived as one of
consumers and no longer as (re)producers of agricultural plants. In 1912, the
Department of Agriculture wrote about a program run by the railroad companies in
previous years,79 in which breeders were to help farmers understand how to modernize
production: The report describes that the farmer
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Carleton’s attention to the cooking qualities of the wheats is a reflection of the fact that wheat growing
was not only for the business of producing ‘cheap’ wheat of quantity and not quality for the international
markets, as Food Regimes scholars have suggested, but that there was a growing milling industry in the
United States for which processing the different types of grains and flours mattered increasingly (see
below).
79
In the United States from 1904 onwards the railroads participated in ‘educational’ or ‘demonstration’
trains to teach common farmers new ideas on such topics as “dairying, orchards, fertility of the soil, seed
selection, insect pests, plant diseases, marketing, and domestic economy” as well as the importance of
“good roads” and dealing with pests (US Department of Agriculture, 1912: 27). Educational trains crisscrossed the country giving lectures to farmers. They brought crop specimens and commercial fertilizers
and samples of the most profitable breeds of livestock (Scott, 1962:6). In 1910, one of these trains, called
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is paid for the use of an acre, is furnished with the seed, and
possibly some special implement, as a subsoil plow, and is given
the crop. He, on the other hand, is required to follow the
directions given by the railroad's representative. Under such
conditions the farmer himself becomes an observer, and if the
experiment is successful he may apply the new methods in his
own work. His neighbors, it is claimed by some advocates of this
plan, are apt to consider seriously the results of the experiment,
since it was performed by one of their number and on a farm
similar to their own (US Department of Agriculture, 1912,
emphasis added).
Moreover, in addition to private enterprises such as the railroad companies or
the Agricultural Societies (see below), the state took an active role in plant reproduction:
Carleton’s 1900 report was written in his position as ‘cerealist’, at USDA, an aspect that
is not unimportant from the perspective of Friedmann and McMichael’s account of the
First Regime: Carleton’s work reflects the importance that the state began to give to the
reproduction of crops—not only to the most important commodity cereals like wheat
(and, towards the end of the century especially, maize), but to the reproduction of staple
food crops in general. This included establishing new research institutions such as a
network of Agricultural Experiment Stations in 1887; as well as funding for the work of
breeding successful crops, systematically replacing a task that had until now been
exclusively carried out by farmers. It is important to note that the new professional
breeders had no new practice for reproducing seeds other than selection and movement
in space. But they did this systematically and thanks to the resources organized by the
state, they could do this on a large—regional, or in the case of Carleton, national—
scale.
The state-led effort to reproduce the materiality of crops in 19th-century United
States began in 1839 with the appropriation of one thousand dollars (the equivalent of 9
million USD in current dollars) by the United States Patent Office “for the collection of
agricultural statistics for other agricultural purposes” of which an important part became
the official collection of seeds across the globe, and its redistribution to its farmers
(Ball, 1930: 54). The state-led collection of seeds eventually also provided a first
generation of professional breeders like Carleton with copious amounts of seeds for
carrying out systematic testing and screening for ‘desirable qualities’. Already since
the ‘Gasoline Special’ –because it ran on gasoline –was visited by over 5,000 farmers who purchased at
least 2,000 quarts of maize seed, although “demand was far greater than the supply” (ibid., 11).
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1819 the Treasury Department had informally expanded the duties of naval and
consular officials, charging them with the task of bringing seeds, animals and plants
back to the country (Klose, 1950: 26): African maize with a good reputation as a cattle
feed; lima beans from Peru; peas, beans, wheat, barley and vegetables from Japan, to
name just a few (ibid.: 30; 28). From the 1840s onwards, therefore, collecting seeds and
redistributing them became a branch of international politics and an important duty for
the navy, and, as such, a new aspect of state building.
Within a few years, seed collection went beyond an unfunded task requested of
both diplomacy and war making abroad, to a targeted policy with many funded plant
expeditions. Seeds were flowing into the United States from Mauritius, South Africa,
Japan, China, Java, Panama, Turkey and Egypt, among many others (Klose, 1950:
Chapter 3). Taking advantage of this materiality—and its diversity in sense true to the
modern notion of diversity—was becoming essential to the economy and should
therefore also be seen as a new aspect of food relations in the framework of Friedmann
and McMichael.80 The lack of Food Regimes scholars’ attention to this aspect as part of
the First Regime is significant, especially given their general attention to the rise of the
United States as a key actor in the global food reproduction system (1989: 98), and the
country’s importance in defining agricultural relations in later regimes as well.81
This state-led collection of seeds is different from the type of collections
described earlier by private enterprises such as the East India Tea Company or Kew
Gardens in London. Earlier gathering efforts had frequently been a ‘joint venture’ of
public and private institutions, usually for the production of industrial inputs (e.g.,
rubber, sisal). As Food Regimes scholars themselves note, the core food staples such as
wheat and meat that would become the ‘mass diets’ of European workers in the First
80

As discussed above, the collection and redistribution of seeds is even older and was already important
in colonial times and after independence. But it had not become a state-led or large-scale endeavor.
Despite the fact that wealthy landowners like Thomas Jefferson were interested in importing seeds for
their farming enterprises, these were not tasks he carried out as a state actor, but in his role as agricultural
entrepreneur: Jefferson collaborated actively with private institutions such as the Agricultural Societies—
the first of which was founded in 1785—for the explicit purpose of testing the seeds introduced to the
country. Kloppenburg notes that many of the societies were interested in commercial crops such as
indigo, cotton or sugar cane (1988: 53), a type of production that coincides with a colonial international
specialization that went prior to the First Food Regime (Friedmann and McMichael, 1989: 100). The
interest in food staples such as wheat by the state as an institution seems to be a targeted policy only later
in the 19th century.
81
In Food Regimes the United States is a key protagonist in the first and second regimes, as well as in the
transition between each. This role is related to the hegemonic economic and political position of the
country, including its power to compete with international commodities and to impose agricultural and
food consumption policy throughout the globe (cf. Friedmann and McMichael, 1989: 111).

139

Regime were not yet part of these internationally-produced commodities (Friedmann
and McMichael, 1989: 98, citing Hobsbawm). By contrast, by the end of the 19th
century, the United States was redistributing the seeds en masse, and counting on
farmers to reproduce the materiality of this global’ diversity of peasant seeds at an
unprecedented scale for the production of staple food crops. According to the US
Yearbook of Agriculture in 1888,
During the past two years the Department of Agriculture has
made an earnest effort to disseminate as widely as possible such
varieties of wheat and other grains as were deemed to be
specially adapted to particular localities, and has received
numerous reports from the growers, indicating that many of them
are likely to prove very valuable (645).
It is the aim of the Department to distribute enough seed to
thoroughly test each valuable variety of wheat, corn, barley, oats,
or other cereal in every Congressional district in which it is
probable that they can be successfully grown. The increased
production per acre, and the greater weight per bushel of a
superior quality that has resulted from the distribution by the
Department, would, if the facts could be aggregated, convince
the most skeptical of its value to the country at large (ibid.).
This state-organized coordination led to a thorough transformation of the materiality of
agricultural plants in the United States. Given the fact that the list of crops “of economic
importance” that originated in North America is very modest, seed collection and
redistribution for selection by farmers has been described by other scholars as “a
biological sine qua non upon which rests the whole complex edifice of American
industrial society” (Kloppenburg, 1988: 50).82 Distribution targeted farmers through
their congressional representatives, such that by 1847 sixty thousand seed packages
82

In his book on 20th century plant breeders in the United States Kloppenburg notes that the economically
important crops that are native to North America are very few in number. He lists sunflowers—which are
actually native to Mexico (cf. Lentz et al., 2009)—cranberries, blueberries and Jerusalem artichokes
(Kloppenburg, 1988: 50), also known as topinambur. During the early colonial period, and after many
crop failures, establishing agriculture had depended on seed imports. In the first decades of the 17th
century, seeds came via trade such as the Dutch West India Company that delivered cash crops such as
tobacco, hemp and flax; food crops such as wheat, rye, pears, apples, currants, woad, licorice, barley,
oats, beans, peas, potatoes, hops, lettuce, spinach, radishes, onions, cherries were sent through expeditions
(cf. Klose, 1950: 5). Later on, wealthy landowners like George Washington imported seed on a regular
basis from abroad, including tropical crops such as breadfruit as food for the slaves he owned (ibid.: 16).
European colonial settlements in what is now the United States not only transformed, but to a great extent
completely replaced the agricultural materiality that existed prior to this period. This is an important
difference to Spanish colonial settlements in Mesoamerica and further south. Very likely it is also a
reflection of the extent to which cultural and productive practices were lost because of the isolation and
extermination of the indigenous peoples of North America to an extent that was greater than
Mesoamerica, where remaining indigenous populations were also less segregated.
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were being sent to farmers annually, increasing to over ten million packages after 1890,
and peaking at 22 million seed packages at the turn of the century (Klose, 1950: 39).
Since each of these packets contained 5 different types of seeds, Kloppenburg estimates
that in reality over one billion packets were sent yearly during the last decade of the 19th
century (1988: 63).
All of the above underlines that the production of the key agricultural
commodities of the First Food Regime—but also more generally of the agriculture of a
country that came to have a hegemonic position in the production and distribution of
food at a global scale from the late 19th century onward, was not unrelated to how the
materiality of these crops was reproduced. The age-old practice of moving seeds across
space and practicing selection was organized here at unprecedented scales, both
temporal and spatial: The speed of distribution; the breadth of places of origins of the
seed; the volumes of seeds being exchanged. But the specific characteristic that is new
of production in this period was the focus on particular, ‘desirable’ qualities of
landraces, and of course, the ability to access them systematically thanks to the new,
state-led, titanic seed-collecting and redistribution process. Moreover, beyond the
creation of commodities like wheat, these ‘useful qualities’ of landraces were taken as
sources of the qualities to be standardized as part of industrial production more
generally.
To conclude this chapter, I describe this process, showing how the materiality
of landraces was itself standardized by working with ‘one-of-a-kind’ plant individuals
and creating a material quality that becomes more difficult to still define as a peasant
one, despite the fact that reproduction is still based in selection and movement in space.
These pages are important to the dissertation as a whole as a useful point of comparison.
They describe how the search for a new materiality of nature was part of a larger
‘project’ in which many societal groups sought to transform societal nature relations as
a whole, underlining a transition to a new material quality of agriculture from a different
angle than the following chapter. That chapter will also show that development but
almost exclusively from the perspective of a specifically scientific strategy to the
transformation of agricultural plants. The following description will also be a useful
point of reference when I address the contemporary transformation of nature relations in
the context of molecular engineering at the end of chapter 5 and the Conclusion
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discussing the extent to which contemporary transformations can be said to constitute,
or not, a new Food Regime.

A	
  Wide	
  Search	
  for	
  a	
  new	
  Materiality	
  of	
  Crop	
  Plants	
  	
  
At the start of the 19th century, agriculture in the United States was largely a
local affair practiced by peasant farmers. In the 1820s, even the most economically
developed regions of the country were largely agriculturally self-sufficient with only a
quarter of the products of farms being brought to markets. Staple foods (as opposed to
cash crops like cotton, tobacco, wheat, etc.) were, even in the most economically
developed parts of the country, the product of a local, peasant agriculture. For example,
in 1859 a circular from the Massachusetts Board of Agriculture began promoting “the
advantages of establishing regular fairs or market-days throughout the state”
(Massachusetts Board of Agriculture, 1859: 2) with the goal of standardizing the
localized agricultural products, prices, as well as competition among producers:
“[T]hese market days or fairs would tend to concentrate New England farming upon
fewer products [...]. As it is now, our farm products are too varied; we raise a little of
every thing, and not enough of any one thing to make it profitable […] (ibid.: 11).
However, by the end of that century, the successful state-supported distribution
of seeds and the transporting of agricultural goods through railways had created a very
different agricultural landscape. In the country as a whole, market-produce acreage rose
steeply to 80 percent and by 1900, refrigerated railroad cars connected many cities and
created new markets for moving fresh produce and fruit across the country (Fowler,
2000: 623). The materiality provided by peasant seeds was being taken advantage of to
the fullest extent for the production of increasingly industrial food staple commodities.
The imported and adapted seeds provided not only the inputs for national industries
such as grain milling— considered “the nation’s leading industry” between 1850 and
1880, and ranking fourth nationally in value added by manufacture in both 1850 and
1860” (Page and Walker, 1991: 294)— but also demand for the new capital-intensive
industries such as the construction of railroads to transport the crop commodities, and
the new machinery used on the farm (Page and Walker, 1991; USDA Yearbook, 1940:
220).
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But in this process it was not only abstract produce, grains and fruit that
transgressed the local scale but the product of agroecosystems, i.e. landraces. Landrace
varieties of crops “began to lose their connection with their home region as… farmers
wrote to each other about new finds, displayed them with pride at meetings of
agricultural societies or sold them to dealers in seed” (Kingsbury, 2009: 103).83 These
two interrelated processes—agricultural societies and a fledgling business in seeds
themselves—were each a reflection and a motor in widening the scale of crop
reproduction at a supra-local or even regional level. To this, a third process in
transforming the use of landraces must be added, which is that in the United States, but
also in other countries like Germany, the creation of supra-local seed relations was
encouraged by state efforts to rationalize the use of seeds: Tracking information about
what crops were being grown; how well they were doing in specific regions; and
especially, encouraging and financially-supporting systematic research for ‘improving’
the crops to be bred by professionals like Carleton, rather than selected by farmers (cf.
Wieland, 2006; Klemm, 1979).
According to Kingsbury, in England the seed trade simply took advantage of
bridging regional differences at the same time as growers of seeds specialized in one
crop. For example, London became a center for the production of leeks, Battersea for
cabbages, Deptford for onion seed and so on (2009: 103). Specialization in seed/crop
reproduction was also taking place in the United States, aided by the professional work
of breeders: Peaches and oranges in Florida; Strawberries in Arkansas; fruit trees in
Massachusetts and Indiana; Maize in Iowa, and so on (Paul and Kimmelman, 1998:
288; 292). But the fact that farmers would begin to systematically purchase rather than
reproduce their seeds is itself an indication that standardized or uniform seed qualities
were now sought out that would be adequate for the type of grain demanded by large
industries such as milling, transportation or canning to produce a homogeneous product,
rather than crops with variable qualities specific to a locality.
83

Agricultural Societies can be described as interest groups for improving agriculture from the
perspective of reorganizing and standardizing production to make agriculture more profitable. They
emerged not only in the United States but also in Europe, gaining in strength and numbers throughout the
19th century. Given the economic importance of agriculture at national level, the societies included
agglomerations of politicians, wealthy landowners, entrepreneurs and increasingly also the industries that
processed or transported the agricultural products. According to a 1940 study of the US Department of
Agriculture, the very creation of the Department in 1862 was “principally” a result of lobbying by these
groups (cf. Kloppenburg, 1988: 58, citing Gaus et al., 1940). By 1868 there were ca. 1,400 such societies
that sponsored agricultural fairs through which certain ‘standards’ of agricultural crops and animals were
promoted (Fowler, 2000: 623).
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In the last decade of the 19th century, the US Yearbooks of Agriculture make
increasing references to the ideal of standardization, uniformity and rationalization of
agriculture: From the production of standards in crops, including olives, grapes and
lumber (1896: 387; 538; 404); to the standardization of animal products such as milk
and butter (1895: 356; 1897: 15ff). Uniformity is also a frequent subject in Carleton’s
wheat report, for example noting the gluten content of a certain variety with regard to its
consistency as a quality in baking or milling (Carleton, 1900). Standardized qualities
even appear in that Yearbook as a new aesthetic value: “The uniform and even character
of [Kentucky blue grass] is exhibited in striking contrast with [white clover grass],
which is uneven, irregular, and far less pleasing to the eye” (1897: 360). This
assessment is accompanied by illustrations for readers to compare and appreciate the
regular patterns.
Standards were also encouraged by promoting farmers’ recognition of particular
crop varieties according to consistent standards. In 1897 the Yearbook of Agriculture
noted that
[u]nfortunately, there is but little uniformity among seedsmen
and growers in their ideas of the limits of different types, so that
a Gold Wax Bean, for example, offered by one seedsman, while
possessing the general features of the variety sold under that
name by other members of the trade, may depart widely from the
original form in certain particulars, until we may have almost as
many kinds of Gold Wax Bean as there are growers of this
variety (USDA Yearbook, 1897: 442.).
One attempt at remedying this situation was to educate farmers and consumers to
recognize and demand standard qualities. This effort is reflected in the prizes awarded
as part of agricultural fairs in various Canadian provinces which are very different in the
1860s and 1870s than in the turn of the 20th century: For example, the prizes granted in
the town of Newmarket in 1881 list simply “blue peas, two bushels”; “white beans, one
peck”; “Black barley, best two bushels”. There are very similar criteria for the prizes
granted in Montreal in 1863 and in Carlisle in 1847 (North York Agricultural Society,
1881; N.A., 1863; County of Bonaventure Agricultural Society, 1847). By contrast, in
1907 at the 20th Annual Exhibition at Ottawa, the criteria are markedly different. They
include carrots that are “long” and with “pointed roots”; “plums, largest”; and for every
category, particular varieties are listed, including the “moneymaker”, “round white
type”, “Early Pride”, “Early Thoroughbred” or the “rose type” potato (as opposed to
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simply ‘potato’ in the earlier categories); “mammoth” squash and the “largest and best”
onions. A new prize category in various counties appears to have been given for
“correctly nam[ing]” certain varieties—again, a way of drawing attention to the
importance of the standardization of particular varieties characterized by commonly
recognizable qualities (Central Canada Exhibition Association, 1907). In 1896 a US
newspaper reported on the scorecard of a recent “corn show”, with points given for
qualities such as “shape and uniformity”, “purity of color”, and “perfection and
uniformity of grain” (Maine Farmer, 1896). Other typical characteristics were a certain
ideal length of the ear, a certain circumference, and “a general ‘fancy’ appearance’” (cf.
Fitzgerald, 1990: 12).
In addition to stability in space and time, another quality was especially
important to industrial processing. An increase in output volume of agricultural
products, in particular grains, was an urgency for nearly every thinkable industry: In the
United States, this went from ‘corn-belt’ industries such as hogs that were fattened with
corn and processed for oil, and, given the availability of railroad transport, “for every
possible edible part” (Fussell, 1992: 73); to the railroads themselves that were also
keenly interested in increasing agricultural production to transport it; to processors like
the milling industry, increasingly able to transform maize starches into consumer and
industrial products (cf. Chapter 4); to the new business of grain trading. Especially in
the case of a grain like wheat or maize, the ‘desirable quality’ of quantity was of great
importance. After the US stock-market ‘Panic’ of 1857, US grain merchants urged
farmers to sign forward contracts for the delivery of grains, creating complex primary
and secondary markets for selling and reselling. These boomed after the Civil War and
were followed by trading in hay or poultry as well as processed agricultural products:
Butter, cottonseed oil, plywood, molasses, etc. (Kaufmann, 2010: 29f).
In a report for 1909, the US Secretary of Agriculture wrote, “the most striking
fact in the world's agriculture is the value of the corn crop of 1909 in this country. It is
about $1,720,000,000. […] The gold and silver coin and bullion of the United States are
not of greater value. This corn came up from the soil and out of the air in one hundred
and twenty days— $14,000,000 a day for one crop, nearly enough for two dreadnoughts
[battleships] daily, for peace or war” (US Secretary of Agriculture, 1909). But
increasing the output of maize confounded breeders: One year after the foregoing
statement was made, at the American Breeders’ Association annual meeting a presenter
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still bemoaned that “the acre of yield … of our most valuable cereal, maize, has for the
last fifty years remained nearly stationary, notwithstanding the efforts of the National
and State governments, agricultural colleges and farmers’ institutes to promote, through
press and platform, more scientific methods in the art of corn production” (Steward,
1909: 245).
Given the goal of increasing yield to the high levels demanded of this
‘industrializing’ crop, the ‘useful quality’ of yield becomes a significant quality.84 But it
was also often a goal that was difficult to attain. For example, using the ‘pedigree’
selection method (described below), maize breeders in the 1890s had succeeded in
increasing the protein content in the maize kernel from 10.9 to 12.3%; and oil content
from 4.7 to 6.1% (Fitzgerald, 1990: 20f.; cf. also East, 1906: 7). However, this
procedure turned the materiality of the plant into a slippery substance, since it was only
possible to ‘hold on’ to one quality at the cost of losing another: Increasing the protein
and oil content was ‘paid’ for by a quantitative decrease in yield. This discouraged
entrepreneurs who had originally been interested in what the maize breeders were doing
(Rasmussen, 1972: 341; Crabb, 1948: 25ff.). The issue is not, per se, that the landrace
varieties could not have been reproduced in larger quantities. The search for landraces
that would have a higher tolerance to insects and other problems or that would grow in
colder climates definitely aided in increasing the output of crops as did the expansion of
the crops’ frontiers. At the same time, the quality of quantity was in constant demand
and there was a strong perception that current ‘improvement’ of certain economically
important crops should attempt to modify the inner workings of the plant in a different
manner.
Thus, whether the goal was a general standardization of the crops or a higher
output volume, there were efforts to translate these ideals onto the dimension of plant
reproduction. What was new about these strategies around this time is the approach to
landraces as ‘one-of-a-kind’ seeds. Seeds that were cultivated regionally, rather than
locally, or that were successfully commercialized in an effort to create standardization
were one-of-a-kind in the sense that the focus came to be on exceptional individuals
within a landrace that displayed the qualities of individual plants, rather than of a
‘population’ as modern breeders might say. For example, many of the most famous
seeds that are remembered for having transformed wheat production such as ‘Red Fife’
84

I will discuss the issue of yield more extensively in the following chapter.
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were in fact individual plants that caught someone’s eye for displaying exceptional
qualities within a landrace (cf. Chapter 4). Red Fife was the result of “a single wheat
plant grown by [David Fife, an Ontario farmer] in 1842” (Olmstead and Rhode, 2004:
62 emphasis added). A report printed in the Farmers’ Bulletin, published by the
Experiment Stations of the US Department of Agriculture in 1908 underlines this also,
noting that “many of our best varieties or races of wheat” have been the result of “the
selection of chance varieties or sports and the propagation from them of improved
varieties” (US Department of Agriculture, 1908: 6). The report continues,
while the sports or mutations of wheat plants are very rare, the
farmers watching for such superior plants and testing them are
even less numerous and therefore most of these valuable hints of
nature are lost. Every farmer should study different varieties of
individual plants until he can recognize exceptional plants as to
size of head, yield, quality and size of grain, number of stools,
length of straw and other desirable qualities (ibid.)
It goes on to cite that popular wheat varieties such as ‘Fultz’, ‘Pride of Butte’, and
‘Gold Coin’ were also the result of “accidental seedling variations” of individual plants
within a larger population (ibid.). This was reinforced by the fact that once landraces
with the corresponding ‘desirable qualities’ were found, they were not so much
reproduced but rather multiplied—i.e., plant selection was becoming about replicating
that single, outstanding quality to be standardized rather than reproducing a
multidimensional plant materiality as was the case with peasant landraces in a given
agroecosystem. Selection was still being practiced but at the same time the materiality
that was being obtained was no longer clearly recognizable as a peasant one.
The selection process was itself so abstracted or standardized that some novel
variations on selection methods at the time, such as Louis de Vilmorin’s ‘pedigree
method’ of the late 1850s in France were characterized precisely by working with plant
individuals to multiply them, rather than developing ‘populations’ of plants (cf.
Bonneuil, 2008: 96).85 Of course, in all of these cases, if farmers bought or otherwise
85

Louis Vilmorin was an early French commercial breeder who used the technique successfully to
increase the sugar content in sugar beets in the mid 19th century (Bonneuil and Thomas, 2009: 34). The
technique involved keeping track of the individual plant from which the grain was sown, and thus its
‘pedigree’ (Fitzgerald, 1990: 19)—i.e., still ‘selecting’ but from a single individual plant—meaning
selecting out the deviants that do not fit based on an ideal-type standard. In the 1890s maize breeders used
this technique in the United States to increase two particular qualities deemed potentially important to the
livestock industry, the oil and protein contained in the grain used as cattle feed (Crabb, 1948: 27).
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obtained any of these varieties, they still practiced selection in their own fields, that is,
they continued to reproduce a population of plants that were gradually adapted to local
conditions. Multiplying was therefore only approximate because when Red Fife was
brought to a new locality, it became a different variety. And yet, what made Red Fife a
recognizable, supra-local entity was the fact that the major ‘desirable qualities’ for
which it was sought—such as early maturity and resistance to rust—were the qualities
that were again propagated (selected for) in each case. The raison d’être of Red Fife in
the new context of industrializing agriculture was not its multidimensional materiality
as a landrace but the multiplication of its discrete qualities to be generalized across
space (across many localities) and time (multiplied consistently from one life cycle to
another). This tendency was even stronger as some farmers began to purchase seeds
from seed dealers on a regular basis to retain the qualities for which the seed was bred.
Moreover, there are several other tensions in this process that pulled away from
the locality of landraces as something that could still be considered a peasant crop
materiality. One of them is the scale of the areas being farmed. As a contemporary
wheat farmer of traditional peasant varieties explains, given large farming extensions
farmers can no longer meaningfully select their seed. Seed may be pooled, but there is
no longer a true process of selection comparable to what peasant farmers can do on a
smaller scale (2011, personal information). This would have certainly been true of
farms as large as 600 acres, the average size of wheat farms in the United States in the
late 19th century (cf. Friedmann, 1978: 551). Were such one-of-a-kind varieties to be
multiplied on a massive scale still meaningfully related to the materiality produced over
thousands of years in peasant agroecosystems? Today, when compared to the modern
scientific-industrial crops (cf. Chapters 4 and 5), these 19th century varieties are labeled
as landraces, sometimes also called ‘heirloom’ varieties of seeds in seed catalogues
catering to hobby gardeners (cf. also Zeven, 1998). But in the sense of my analysis,
these 19th century seeds are much more of an intermediary entity between true peasant
seeds in the sense of their historical materiality produced in agroecosystems, and
modern plant reproduction that is largely based on the multiplication of individuals, a
point to which I will return in the following chapter.86
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In practice, any seed—whether called ‘heirloom’, ‘peasant’ or whatever else—is a living being and is
part of the living societal nature relations that accompany it at that point in time. It is impossible to hold a
seed to a peasant materiality thousands of years old if those historical conditions, its nature and social
materialities are no longer being reproduced. Thus, any peasant seeds that remain today are the product of
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The one-of-a-kind materiality reproduced for a market rather than for the
multidimensionality of an agroecosystem in this period can also be illustrated through
the creation of food commodities that embodied the ideal of standardization better than
the wheats, maizes, peas or oats that always tended to localize to some degree, unless
seed was being bought on a yearly basis. As discussed earlier in this chapter, vegetative
reproduction rather than reproduction via seeds was a way of achieving an instant
material fixity in time and space, using grafting or vegetative propagation through
cuttings or tubers to bypass the variability in space and time made possible by the seed
form. The quintessential example of the one-of-a-kind specimens of the 19th century
was the work of US horticulturalist, Luther Burbank (1849-1926), an experimenter with
plants who produced many commercially successful varieties of fruits, in particular. The
nurserymen who bought Burbank’s creations could truly multiply them through grafting
as a material ‘copy’ of the original.87 Burbank was himself a special recipient in the
state-led massive redistribution of seeds collected abroad as the basis on which he
experimented. He is credited with ca. 800 varieties of popular crops that could be
reproduced with a high degree of fidelity from one life cycle to another, including the
Russet potato, the white blackberry and the Santa Rosa plum, among many others
(Smith, 2009). Burbank’s plant creations and the construction of a popular national
figure around the person of Burbank himself also added to the supra-locality of crop
reproduction, i.e., to the idea that not a region might be known for (its many varieties
of) strawberries, but that an individual plant, could be grown everywhere—or
anywhere.
Given the treatment of landraces in ways that sought to abstract from the
materiality of peasant crops as much as possible, attention eventually focused more
explicitly on how the materiality of seeds might be re-dimensioned or recalibrated
outside the constraints of peasant reproduction practices. Attention focused on how
seeds could be expected to behave predictably based on criteria that were not materially
available or accessible via the seed form. For example, in 1897, the US Yearbook of
Agriculture included a new section called ‘additional notes on seed testing’ (441),
the contemporary practices of peasants but these may or may not reflect the historical materiality
produced by peasants described in this chapter, depending on how they are reproduced.
87
The nursery business of multiplying plants was a profitable one. As Fowler notes, “Stark Brothers [a
nursery]… could purchase the rights to the original Delicious apple tree for a few thousand dollars in
1893, and over the course of the next century sell over 15,000,000 ‘copies’ of it” (2000: 625). To prevent
others from taking grafting wood from a particular tree, the trees would often be fenced in (ibid.: 629)—a
quite literal process of enclosure.
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considering that the practice of testing was now of greater importance “than ever before
in the history of American agriculture” (ibid.). Testing refers to growing out a small
sample of the seeds selected and extrapolating to the ability of all seeds of that harvest
to germinate well, and ‘vigorously’ (ibid., 442). The discussion on testing includes
carefully illustrated descriptions of how farmers and breeders could construct their own
test “apparatus”, a “germinating chamber” for a number of different crops, from salsify
to watermelon (USDA Yearbook, 1897: 443). Germination tests are interesting in that
they are a technique that attempts to go beyond the seed form and the practice of
selection: While selection was based on the previous life cycle of the plant, germination
tests looked ahead to the following cycle. Although the actual process of seed
reproduction continues to take place at the seed form, the new breeders are looking at
other dimensions of the materiality of the plant to further fine-tune the process.88
The search to transform the materiality of crops beyond the seed form was not,
however, only in the spirit of a better calibration of what could be done through
selection, but it should be seen as a search to create a new materiality. At this time,
statements such as the following suggest a search for new material qualities and point
toward the desire not to transform plants in some way that was perceived as being more
direct than selection:
Every plant must be regarded as capable of attaining a certain
ideal development, and if it does not do this something is wrong
either with it or the surroundings in which it is forced to grow. It
will be seen, therefore, that there is an important field in studying
the conditions under which our crops attain their highest
development and in pointing out the principles which will enable
the grower to not only modify his conditions to suit the plants,
but to modify the plants to suit the conditions (USDA Yearbook,
1897: 106, emphasis added).

88

In addition, by this time, some breeders and entrepreneurial farmers were actually going beyond the
seed form, by crossing plants, i.e., deliberately cross fertilizing prior to the creation of the seed. As I
describe in the following chapter, cross-fertilization entailed a new practical relationship with plants,
usually associated with the establishment of scientific breeding, particularly through the science of
genetics. However, some cross-fertilization was already being carried out by specialized breeders such as
Carleton, or entrepreneurial farmers such as Wilhelm Rimpau in Germany who produced a famous
variety of wheat known as Rimpaus früher Bastard (‘Rimpau’s Early Hybrid’), a variety of wheat that
became widely popular even into the early 20th century (cf. Wieland, 2006: 321).
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Similar statements follow in years thereafter, such as the following by Wilet Hays,
Assistant Secretary of Agriculture and the founder of the American Breeders’
Association:
As science, inventive genius, constructive skill, business
organization and great market demands at home and abroad have
pushed forward things mechanical, so should ways be found of
improving these living things which serve as machines for
transforming the substance of soil and air and the force of the
sun’s rays into valuable commodities (Hays, 1905: 197).
Although the new intervention or practice that would result in improving the ‘living
machines’ was unknown, there was a clear expression of a desire to transform the
materiality of crop plants into something new and different from the local specificity of
peasant landraces. But advances in the rationalization of the plant—including increasing
the output volumes on a larger scale, or increasing the standardization and uniformity of
the plants to the degree that was desired by industry and the state—continued to be
ambiguous. There is a sense of ambivalence between enthusiasm and a lack of clarity as
to how to transform the materiality of peasant seeds along the lines just described. For
example, a book published in 1899 praises the maize plant as a “self-building food
factory… governed by advanced business methods” (Sargent, 1899: 31; also cited in
Fussell, 1992: 68) that make the plant an efficient and therefore economically
interesting crop in agricultural production. However, the author’s tone changes as he
goes on to note that “it is true that much of the inner working of these various parts we
can only guess at, for the plant is like a factory with the discouraging sign ‘no
admittance’” (ibid.). Gaining ‘admittance’ to the materiality of the plant to transform
and standardize it to the degree that was envisioned would eventually no longer be
developed through intervention at the seed form through selection and movement in
space. Instead, in the late 19th and early 20th century, a distinctly different strategy for
reproducing plants developed that radically transformed the materiality of the crops,
tackling the ‘inner workings’ of the plant through the science of genetics.
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4. Calibrating a ‘Passepartout’ Organism: The Transformation of
Plant Materiality through Classical Genetics

Heredity, one might say, results from the attempt to
gain control over the flow of time through the
construction of an (ideally) atemporal structure
Müller-Wille and Rheinberger, 2004: 3

	
  
Introduction	
  	
  
In the long history of agriculture, it is certainly possible that farmers may have at
one time or another reproduced their crops by taking the pollen from one flower to
fertilize another. However, it is unlikely that this was a common practice until very
recently. Deliberate fertilization entails a very different way of relating to plants than
seed selection.89 In this chapter, I discuss how the search for a new plant materiality
described at the end of Chapter 3 eventually resulted in a new way of reproducing crops
via the science of classical genetics whose central, transformative practice is the crossand self-fertilization of plants.
Genetics is the result of a long process of scientific inquiry that sought to
understand, but also to practically transform the materiality of plants beyond the seed
form. To become a widespread practice and achieve a lasting transformation of societal
nature relations, however, it became part of a wider societal project, described at the end
of Chapter 3, as many actors sought to reach beyond the ‘constraints’ of the peasant
materiality by focusing on plants’ discrete, ‘desirable qualities.’ As I will show in this
chapter, genetics radicalized this perspective, making it a viable practice through a
strategy based on abstracting from the agroecosystem and even from the plant to
89

Although there is more historical information about animal cross-breeding since antiquity, it is more
difficult to come by such information about plants. The historiography of agriculture in antiquity shows
that what was being practiced was selection, not cross-fertilization (cf. Sallares, 1991; Bray 1984: 489).
However, a frequently cited example of cross-fertilization is that of the date palm. According to Roberts,
in ancient Assyria and Babylonia the date palm was deliberately cross-pollinated because, unlike many
plants whose sexual organs are side by side on the same flower, the male and female date palms made the
sexes of the plants obvious and therefore analogous to sexual reproduction in animals (1929: 4f.). Roberts
quotes the Arabic writer Kazwini (1283 C.E.) as having written that the date palm “is created out of the
same substance as Adam, and is the only tree that is artificially fertilized”, suggesting that it was seen as
an exception and that reproduction by crossing was not suspected in other plants (ibid.: 11).
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redefine it as a set of discrete traits that could be stabilized in time and rearranged in
space through the practice of deliberately fertilizing particular plants.
I describe these developments through the example of a breeding technique
known as ‘f1-hybrids’ as developed in maize. I begin with a longer account of the
scholarly developments accompanying the scientific study of plants as far back as the
18th century. This discussion is important in illustrating how plant materiality was
redefined in a very different way than that described in the last chapter. I then turn to
hybrid maize, but rather than focusing on the institutional context that led to its
development in the United States as has been done by other studies of f1-hybrids in the
social sciences (Berlan and Lewontin, 1986; Kloppenburg, 1988; Fitzgerald, 1990), I
focus closely on the strategies and practices that transformed the materiality of the
plant, especially how it was stabilized in space and time.
In the last third of the chapter I then look at this stabilization in the context of
productive processes during the Fordist period, arguing that analyses of transformations
in food and agricultural relations in other scholarship are incomplete without
considering how the materiality of plants in this period was ‘recalibrated,’ underlining
again that reproduction and production cannot be seen as independent of one another. In
the context of production we generally tend to see plants as a ‘raw material’ that is
shaped by societal practices/technologies/relations. By contrast, my emphasis here will
be on showing how the living qualities of nature, and as such their ability to transform,
is central to an adequate understanding how societal nature relations of production were
constituted in this period.

Crossing	
  Plants:	
  The	
  ‘Most	
  Confused	
  Knot’	
  
The particular ‘ancestry’ of the f1-hybrid crosses traces back to the European
enlightenment, when plants in general (not necessarily agricultural crops) became
objects of study, at first not with the goal of transforming agriculture, but as part of a
scholarly tradition trying to understand the materiality of plants in a systematic fashion.
During the 17th, 18th and into part of the 19th centuries, the study of plants was
approached through observation and classification, making inferences about the plants
based on outward patterns such as the shapes of the leaves and flowers, or the patterns
left by fossils, speculating upon possible relationships between the organism and its
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surrounding environment. This approach characterized the study of living beings in
general and was known as natural history, a “sweeping view of natural products—
minerals, plants, and animals, these being contrasted with [hu]man artifice” (Coleman,
1977: 2). Natural historians or ‘naturalists’ usually specialized in either Botany or
Zoology. Their work consisted in observation (as opposed to measurement or
experimenting) of living—and perhaps in most cases, no longer living—specimens. The
medicine faculties of universities played an important role as institutional bases for their
work,90 as did later the natural history museums and botanical gardens that housed the
many thousands of plants brought to Europe through almost four centuries of the
transcontinental flow of seeds, described in Chapter 3.
Deviating from this tradition, one of the earliest systematic scholarly inquiries
into the question of plant reproduction was made by Joseph Kölreuter (1733-1806), a
professor of natural history in Karlsruhe. In a world in which the careers of natural
historians consisted largely of collecting and making qualitative descriptions, Kölreuter
scrutinized the shape, color and size of pollen grains of over 1000 different plants
(Olby, 1966: 21). But he also carried out cross-species fertilizations between 138 of
them, which was remarkable and atypical for his time. He experimented with the
reproductive life of plants, which, unlike that of birds of mammals, was rather
mysterious to him and his contemporaries. An important debate for enlightenment
scholars was even whether plants had a sexual life at all; or whether, for example, a new
generation was the result of ‘preformation’.91 Kölreuter also took measurements and
was interested in systematizing his results quantitatively despite working within a field
in which mathematics were considered “irreconcilable with the study of final causes”,

90

Among the duties of medicine professors was to lecture on the medicinal qualities of plants, because
these were the principal source of remedies. Frequently, the professorship of the faculty of medicine also
oversaw a garden of herbs for the faculty. “Over the centuries the chair of materia medica evolved into a
post which, for all practical purposes was one devoted to the study of plants exclusively, that is, to
botany” (Coleman, 1977: 4).
91
Theories of preformation held that an organism was found in a ‘preformed’ state, in the body of the
parent, such as the tiny embryonic spaces of the egg or sperm cells. For an overview of many
reproductive theories in the West since antiquity cf. Orel, 1996, Ch.2. According to a German plant
physiologist in 1893, the sexuality of plants had been established scientifically in 1691 by a professor of
medicine, R.J. Camerarius in Tübingen, who observed that for plants to reproduce, the pollen and pistil of
the flowers of plants must physically interact (Pfeffer, 1893). Plant sexuality was later confirmed by the
Swedish botanist Linnaeus by deliberately crossing two plants in 1729 (Carlson, 2004: 42f). But it
appears that despite various confirmations of this kind, the matter was not considered as settled. In 1822,
the Berlin Academy of Sciences was still seeking out research that might shed light on the question as to
whether plants reproduce sexually (Orel, 1996: 11).
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and in which study was typically based solely on observations that were “qualitative and
finalist” (Larson, 1990: 288).
On the one hand, Kölreuter was fascinated by the potential to transform nature
via cross-fertilization. In the last of the four reports published between 1761 and 1766,
he expressed a vision of a transformation of nature through plant hybridization that
echoes that of Prussian scientific forestry discussed in Chapter 3 (without however
referring to that specific project):
I would wish that I, or another person, might one day be so
fortunate to produce hybrids of trees, which with respect to the
use of their wood might have a great economic effect. Perhaps,
among other good properties such trees might have those that, if
their natural time for growth were 100 years, they could achieve
it in half of the time. At least I do not see why they should
behave differently than other hybrid plants (Kölreuter, 1766: 45).
Kölreuter’s fantasy is interesting insofar as it presents, in a nutshell, the qualities that
would become the central focus in transforming the materiality of plants during the two
and half centuries to come: On the one hand, increasing the material substance or mass
produced by the plants, in this case wood; and on the other, more precisely calibrating
particular qualities as a plant grows, matures and reproduces again, as described below.
At the same time, Kölreuter’s experimental spirit was tempered by his unease
when interpreting the results of his fertilization experiments. Cross-fertilizing a plant
met strong resistance, often on religious grounds that promoted an understanding of
societal nature relations as “a timeless set of truths, presumably given at the Creation”
(Coleman, 1977: 9) that would be brought into disorder by human practices.92 For
example, Kölreuter writes, “I cannot admire enough the wise arrangements of the great
Creator, who […] completely prevented against worrisome disorders and confusions”
by preventing certain plants from being crossed with one another (Kölreuter, 1766:
37ff.). For Kölreuter, proof of the unintended result of cross-fertilization was the fact
that crosses of different species were most often infertile. This was interpreted as
evidence of attempt against a natural order, in the sense that nature does not bring

92

Deichmann notes that even late into the 19th century scholars like Darwin (1809-1882) continued to
interpret the great deal of variation in cultivated plants (i.e., variation across landraces) as related to the
“unnatural conditions” of the environmental changes caused by farming and gardening (2010: 90f).
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“disorder”, and that hybrids are therefore something exceptional, products of human
artifice (Müller-Wille 2003: 52).
Thus, although Kölreuter’s plant hybridizations and the Prussian scientific
forestry described in Chapter 3 are contemporary projects, there is a patent difference
between the 18th century enthusiasm to radically alter the landscape of forests, and the
misgivings that scholarly experimenters like Kölreuter had about actually crossfertilizing plants, i.e., about manipulating plants at the level of individual organisms
rather than of ecosystems. But Kölreuter’s perception was not only a reflection of a
prevalent attitude but of a practical relationship with nature. Among Kölreuter and his
contemporaries, there was a lack of experience with intervening into a plant’s
reproductive process through deliberate fertilization, rather than via seeds. This central
tension is related to the fact that the reproduction of plants entailed, as Boyd et al. have
awkwardly but plastically put it in another context, circulating “through nature… as
opposed to around it” (2001: 565). It is the difference between ‘managing’ plant
organisms in relation to one another and their environment; and shifting the coordinates
of plant reproduction in the sense of how an individual organism is reproduced. An
example of ‘circulating around nature’ would be Prussian Scientific Forestry (described
in Chapter 3) but not peasant seed selection, which, as seen on Chapter 3 was a
transformation that circulated ‘through’ the plants, to use Boyd et al.’s language. Yet
selection was perceived by someone like Kölreuter as less intrusive because peasant
selection did not focus on individual plants but on ecosystems.
The reserved attitude vis-à-vis recalibrating individual plants reflects the fact
that the ‘how’ of plant fertilization was a process that was barely understood. It was
therefore seen as more ‘intrusive’ in the sense of destabilizing a natural order, based on
a particular historical and practical relationship that had not manipulated organisms in
this manner. Thus, despite the very tangible and not seldom rather violent introgression
into societal nature relations at the scale of the ecosystem—represented dramatically
through the phenomenon of Waldsterben or death of the forest (Scott, 1996: 20), coined
to describe the worst results of Prussian scientific forestry discussed in Chapter 3—
manipulating the fertilization process was apparently perceived as qualitatively more
intrusive of a natural order that could not, or ought not, be transformed. The
manipulation of the materiality of nature at the scale of entire landscapes such as the
forest contrasts with what seems, from a contemporary perspective, as a quaint attitude
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when it came to deliberately crossing one species of tobacco with another, as Kölreuter
was doing. Peasant selection and cross-fertilization are of course simply two different
practices for transforming the materiality of plants—one on the basis of the seed form
and the other on the basis of fertilization, or manipulating the ‘farina’ (literally ‘flour’,
in reference to the pollen) of flowers, as Kölreuter called it.
Kölreuter’s experiments did not influence how plants were reproduced in
farmers’ fields or by gardeners. According to Larson, the number of people who
understood his work was limited to a handful of individuals (1990: 268). Given his
experimental approach, his results were in general not even appreciated by
contemporary scholars whose attention was focused on describing and classifying
plants. Kölreuter’s systematic approach only became of interest to scientists in the 19th
century (cf. Pfeffer, 1893), when experimenting became a new and central aspect of the
new science(s) of biology (cf. Lutz, 2002). By then, conservative attitudes were
changing—if not among scientists, then among groups more practically interested in
modifying agricultural plants. Many of these were not scholars like Kölreuter, but are
usually described as ‘country gentlemen’ or ‘educated farmers’ with time and resources
to dedicate to crossing as a type of entrepreneurially-inspired hobby.
One example is Andrew Knight (1759-1838), a Scot who co-founded the Royal
Agricultural society of London where he debated the results of his cross-fertilizations
with fruits to obtain hardier varieties of pears, currants, apples, etc.93 Knight was also
interested in finding out more about how plants reproduce, and experimented to see if,
for example, two different grains of pollen would have a different effect than pollination
with a single grain (Roberts, 1929: 88). In a letter published by the Philosophical
Transactions of the Royal Society of London in 1799 he reported his success in
breeding peas, but not wheat. In the case of the latter,
the structure of the blossom of this plant (unlike that of the pea)
freely admits the ingress of adventitious farina [pollen], and is
thence very liable to sport [produce changes] in varieties. Some
of those I obtained were excellent; others very bad; and none of
them permanent. By separating the best varieties, a most
abundant crop was produced; but its quality was not quite equal

93

Here, Knight is not cross-fertilizing across species like Kölreuter, but simply taking two different
agricultural plants of the same type and cross-pollinating them. Knight also notes that making crosses
between species (which he refers to as ‘mules’) are not intended by nature (Knight, 1799: 204)
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to the quantity and all the discarded varieties again made their
appearance” (Knight, 1799: 200f., emphasis added).
The above comment suggests that the practice of crossing was itself less and less
mysterious and the process of fertilization was becoming clearer. For example, Knight’s
letter reports on his experimentation with the ‘farina’ of various plants, speculating on
how the shape of the blossoms might suggest whether plants cross- or self-fertilize
(1799: 204). At the same time, however, there is no clarity regarding how to cross
plants in a stable or ‘permanent’ manner—an aspect that was important to the goal of
standardization that characterized the 19th century, both in scholarly research as well as
in the realm of production, as discussed in Chapter 3. Knight shows frustration with the
lack of knowledge of controlling the reproduction of useful plants in this sense.
Therefore, he also pleads for a more systematic study of plant “improvement”, a term
that is still widely used today in modern plant breeding:
I cannot dismiss the subject [end the letter], without expressing
my regret, that those who have made the science of botany their
study, should have considered the improvement of those
vegetables which, in their cultivated state, afford the largest
portion of subsistence to mankind, and other animals, as little
connected with the subject of their pursuit. […] But when the
extent of the benefit which would arise to the plants, which, with
the same extent of soil and labor, would afford even a small
increase of produce, is considered, this subject appears of no
inconsiderable importance. […] [A] single bushel of improved
wheat or peas may in ten years be made to afford seed enough to
supply the whole island. And a single apple, or other fruit-tree,
may within the same time be extended to every garden in it.”
(Knight, 1799: 204).
Knight’s concerns were echoed elsewhere in Europe. In 1820 the Horticultural
Society of London published a paper from a corresponding member near Leipzig, who
also pressed for the need to understand the ‘laws of hybridization’ in order to
successfully combine, in a single fruit, traits such as size, shape, color and flavor (Orel,
1996: 23). What is interesting in this letter is that like Knight, it expressed a new vision
of a clearly different materiality of agricultural crops, with an interest in what might be
described as a single, ‘multi-purpose’ plant that would embody many useful traits at
once. The author of the paper, G. Hempel, notes that in order to apply this to plants it
will be necessary to first gain a firm grip of the “laws of hybridization”. His emphasis
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on clarifying the presumed laws of hybridization reflected the recognition that the
different material qualities of crops could be practically combined by crossing them,
but also underlines that 100 years after Kölreuter’s assessment that hybridization was
the “most complicated of all knots” (Kölreuter, cited in Olby, 1966: 27), this knot
remained unresolved. If the ‘laws’ governing hybridization were understood one day,
Hempel wrote, hybridization would make the creation of entirely new varieties
possible, speculating that these could have a “much higher yield than farmers could at
present imagine” (Hempel, 1820, cited in Orel, 1996: 23).
By the second half of the 19th century, crosses had also become a relatively
common practice among some farmers in Western Europe and the United States, the
two global centers in the industrialization of agriculture.94 By intervening in the process
of fertilization, farmers who deliberately cross-fertilized their crops were manipulating
the plant organism at a point in time and space prior to the formation of a seed. This
does not mean that among these farmers crossing replaced selection as a way of
reproducing their crops from year to year, but that cross-fertilizing was seen as a type of
accessible experimentation to go beyond the constraints of selection, whose goal was to
produce favorable new qualities that would then continue to be reproduced via
selection. The crosses made by maize farmers in the United States are a good example
of this, reflecting the fact that it was easier to cross maize by planting two varieties side
by side and allowing the wind to carry the pollen, than to cross other major grains like
wheat, barley or rye.95 In that country, the widely-popular agricultural fairs made
regional heroes of farmers who contributed with new maize varieties by selecting but
also by crossing two distinctly different kinds of maize— frequently ‘gourdseed’, a type
of soft-starch maize common in the south; with hard-starched ‘flint’ types.
The crosses are interesting because it is clear that what made them valuable at
the time were qualities that rendered them something other than the peasant landraces
94

By ‘farmers’, I do not mean farming intellectuals like Knight, but simply individuals or communities
who made their livelihood from agriculture and were not systematically experimenting with the goal of
transforming how plants could be reproduced.
95
While there are some 19th century examples of crosses of other cereals such as wheat, the process was
far less accessible than crossing maize, given the very small flower structure of the spikelets of the ‘oldworld’ grains, each with various flowers whose tiny anthers had to be removed to avoid self-fertilization
and then crossed using very small tweezers to cross-fertilize each single flower in the grain panicle (cf.
Roberts, 1929: 113f.). Wheat crosses were therefore not as common a practice among farmers as were
crosses in maize. The maize crosses took place in the United States rather than Europe, given the
significance of maize there at the end of the 19th century (cf. Chapter 3) and the large number of farmers
cultivating maize there.
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that were described in Chapter 3. In particular, many crosses gained their fame because
they grew well beyond the local level (Troyer, 1999). In other words, part of their
usefulness was the fact that they transgressed the spatiotemporal locality of landraces, a
quality that was also encouraged by an industrializing context seeking greater
standardization (cf. Chapter 3). As US maize experts Wallace and Brown would later
note, “when Reid’s Yellow Dent [the name of one of these popular regional maize
varieties] swept the Corn Belt from 1890 to 1920, it destroyed thousands of [farmers’
landraces]” that had dominated prior to that time (Wallace and Brown, 1956: 136).
The crosses were also different from landraces in the sense that they broke with
the spatiotemporal continuity that characterizes peasant varieties. While landraces
change gradually across time and space, the obvious goal of crossing was to abruptly
create something materially distinct from the rest. In this sense, crossing reinforced a
trend described at the end of the last chapter, as some farmers, breeders and
horticulturalists had begun to view landraces as a source of discrete ‘desirable
qualities’, as US wheat breeder Mark Carleton had put it. Crossing did not guarantee a
specific result, but when crosses yielded something uniquely useful and with favorable
qualities such as hardiness, high yield or early maturity, fame came to the particular
individual farmer responsible for the cross: ‘Leaming Corn’ was named after Ohio
farmer Jacob Leaming (Troyer, 1999: 621); Reid’s Yellow Dent named after Robert
and James Reid of Illinois; ‘Lancaster Sure Crop’ developed by the Hershey family in
Lancaster, Pennsylvania; etc. (Troyer, 1999: 618). Linking an individual farmer with a
particular variety is a significant departure from traditional peasant landrace varieties
that had probably never been associated with individuals and did not carry peasant
farmers’ names. The fact that the new varieties ‘swept the corn belt’, as Wallace and
Brown put it, is evidence of their popularity and success in creating a useful new
material prototype. At the same time, these late 19th century crosses were the product of
luck; they were neither predictable nor repeatable. In that sense, there was as yet no
systematic approach to undoing that ‘most complicated of all knots.’ They were in the
best sense of the word, themselves a type of ‘hybrid’ between peasant landraces and a
more rationalized materiality that was just taking shape.
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From	
  Natural	
  History	
  to	
  an	
  Abstraction	
  of	
  Time	
  
As is well known, such a systematic approach was most clearly put forth by
Gregor Mendel as the result of his work in hybridizing plants which he began in 1856
and published a decade later. Although Mendel’s work was exceptional for introducing
a radically new, experimental, quantified and systematic approach to manipulating the
reproduction of living organisms, his work was part of broader changes: On the one
hand, a widespread search to rationalize agriculture at the level of the plants, reflected
in the type of experimentation carried out by farmers like Knight or the maize crosses
just described; and on the other, a transformation in the scholarly study of living
organisms that took place with the advent of the new, 19th century science of biology
(cf. Roberts, 1929; Olby, 1966).
The advent of biology at the turn of the 19th century signaled a gradual change
from a concern with the form of organisms, exemplified by the natural history approach
to a new concern with organism function, i.e., with discretely-defined living processes
or ‘functions’ of an organism. For the eminent French naturalist, Jean-Baptiste Lamarck
(1744-1829), history had been at the center of explanation, considering that “there exists
throughout the universe […] an astonishing activity which no cause can diminish and
everything which exists seems constantly subject to necessary change” (Lamarck,
quoted in Coleman, 1977: 68). By contrast, by the end of the century, rather than seek
more detail regarding the process of change itself, there was a new emphasis on
analyzing a single, living ‘function’ by experimenting. In this context, the disinterest in
Kölreuter’s work during his own lifetime was supplanted by its enthusiastic
rediscovery. German plant physiologist, Wilhelm Pfeffer re-edited Kölreuter’s work,
hailing it as “epochal”, as “against the unfounded discussion in botany of past times”
(Pfeffer, 1893: 264).
Experimenting abstracted from the complexity of a living being’s relationship to
other organisms, to its environment, and to its material history, creating a ‘snapshot’
view of some particular function in which what mattered was a discrete transformation,
independent of the relative space it occupied, and as if in abstraction of time, i.e., of the
organism’s life-cycle and its history. Mendel’s own 1865 paper, Experiments in Plant
Hybridization best exemplifies this approach. The first thing to notice about Mendel’s
paper is how he approached the garden peas he worked with. Less than 100 years
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earlier, the eminent 18th-century botanist Carl Linnaeus (1797-1778) had still argued
that “‘to understand the nature of plants correctly’”, one must “follow ‘the various
routes through the vast provinces of the kingdom of plants’ and observe the budding,
the annual succession, the development, the habitats, the flowering, and the ecology of
the plants” (Linnaeus, 1788, cited in Müller-Wille, 2007: 797). By contrast, Mendel’s
paper is neither concerned with the history of the pea plants on which he experiments;
nor with their ecosystem; nor with the possible variations among different types of pea
plants in nature. It might even be said of Mendel’s experiments that the plant itself does
not matter. The only aspects of interest are particular characters (Charaktere, the term
used in the original paper in German) or discrete ‘trait’ qualities of the plant.
Mendel’s character traits were conceived not as gradual transitions or historical
processes—as characteristic of the work of Mendel’s contemporary, Charles Darwin—
but as discrete qualities that allowed “a sharp and certain separation” within a character
type (Mendel, 1865: 4), i.e., an abstraction from the great complexity of the plant. The
characters defined by Mendel were unambiguous, ‘either-or’ traits that he describes as
the “difference between” yellow or green; wrinkled or smooth etc. (Mendel, 1865: 4f.).
Even when the qualities on which he focused did not clearly follow a binary logic, he
redefined them in this way: Position of flower near stem or at its end; stem length of 67ft. or 1-2 ft. (ibid.). Given that defining living organisms in terms of traits is very
common today, and has even become part of a commonsense way of referring to plants,
it is important to underline that these are not traits ‘of’ the plant, but (re)definitions of
the plant by Mendel. Plants themselves do not ‘have’ traits nor were peasant plants
defined in this way. This is an important point that may at first be hard to appreciate,
because peasant plants are also defined in terms of use-values. Yet these use-values, as
underlined in Chapter 3, are indissociable from the materiality of the whole plant and
ecosystem. For Mendel, by contrast, traits are a way of achieving an abstraction, a way
of redefining the practical relationship to the materiality of nature.
On the one hand, this definition strongly echoes the type of new approach to
plants discussed towards the end of Chapter 3, in which farmers’ landraces were taken
to be bearers of what US wheat breeder Mark Carleton referred to as ‘desirable
qualities’. On the other, it was part of a new experimental strategy in which the new
definition of plants, consisting of a compilation of discrete traits, allowed treating the
multidimensionality of living, changing processes of the plant as if variable in only one
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dimension. Any other characteristics of the plants were ignored or abstracted.
Experimentally or practically, it is clear that the character traits are not in and of
themselves a discrete or concrete materiality that Mendel could truly manipulate
separately from the rest of the plant, for the position of the flower does not exist
independently of the other flowers, of the roots, i.e., of the entire pea plant, not to speak
of the plant’s environment. But this is exactly what Mendel’s experimental and
analytical approach assumed, treating all of these qualities of the organism as snapshots
devoid of time, as if an absolute space. The traits, not the plants, were at the center of
the experimental manipulation.
Mendel started out with various individual plants that each expressed one of the
two possibilities for the seven traits he wanted to study, such as pea shape, color, length,
etc. (Mendel, 1865: 3ff.). For each of the traits he inbred or self-fertilized the plants for
many generations, starting with a single plant as ‘parent’ for each particular pair trait
(e.g., one plant for green seed color; another plant for yellow seed color, etc.). The logic
of inbreeding i.e., always taking the pollen of that plant to fertilize itself, is that after
various generations, the plants no longer changed along this one dimension. If Mendel
was breeding for a smooth seed shape and he observed a wrinkled pea, it would be
discarded. The practice of inbreeding is noteworthy, because it put the materiality of the
organism into a recurring spatiotemporal loop: When the pea plants were self-fertilized
and their offspring taken as the parent plant in the next generation, its materiality was
not so much reproduced as it was ‘recycled’ again and again. This created a lineage of
plants that remained stable in space along a particular characteristic—in this case,
smooth peas—as if in the absence of time. Through this process of inbreeding, a new
kind of spatiotemporal break was created, not in the sense that the development of the
plant truly stops—as it does in the seed form—but in the sense that from one generation
to another, its development is prevented from taking on new material qualities. The
effect is similar to the pause created by the seed form, and yet it is no longer related to
the materiality of the seed. Inbreeding can be seen as a ‘next best’ strategy to coax an
organism in a perpetual state of transformation to somehow ‘hold still’, even if the
break is not a true hiatus in time and space as it is in the seed form.
Once Mendel had achieved the seven ‘constant forms’ (Mendel, 1865: 12f.), he
crossed or hybridized the inbred pea plants between the forms. At first he crossed only
within one trait (e.g., crossing two plants with contrasting the seed-color; contrasting

163

stem length, and so on). The point was to see what kinds of patterns he could discern;
how often the result was green or yellow seeds; how often short or long stems. Given
his background in mathematics (Deichmann, 2010: 101), the patterns that Mendel found
were expressed in terms of probability of the traits reappearing. He abstracted the
entire materiality of the plant—every possible dimension— into a fixed and finite frame
of seed color, stem length, surface of seed, etc., with only two possible outcomes per
character trait.
It remains, therefore, purely a matter of chance which of the two
sorts of pollen will become united with each separate egg cell.
According, however, to the law of probability, it will always
happen, on the average of many cases, that each pollen form A
and a [a and A are used by Mendel to represent the two forms of
a given character] will unite equally often with each egg cell
form A and a […] (1865: 24).
Mendel is aware of some quality in the materiality of the pollen and eggs that he
refers to as the cause of the traits that he is interested in, but he does not know and does
not attempt to speculate on what this may be. And yet he treats this unknown materiality
as if an absolute space: “two kinds of pollen”, whose materiality is only relevant as an
absolute, snapshot view (green/yellow, round/wrinkled). By making crosses and
obtaining results for thousands of plants over seven years, he was able to discern the
ratios of how these patterns occurred, interweaving in and out of generations of plants.
He observed the famous ‘distribution of the characters’ in the ratio of 3:1 depending on
whether the traits are ‘dominant’ or ‘recessive’ (Mendel, 1865: 6; 9; 11). He could also
predict the expression of traits: “The expression recessive has been chosen because the
characters thereby designated withdraw or entirely disappear in the hybrids, but
nevertheless reappear unchanged in their progeny” (ibid., 7). In the second generation of
crosses he found the pattern that half of the seeds will again segregate into the 3:1 ratio,
while the other half are stabilized, i.e., “became constant forms” (ibid.: 13, emphasis
added).
The character traits were a way of predicting and re-ordering by blending out the
material complexity of the rest of the organism. With his experimental design, it is as if
Mendel put the plant through a grid, filtering out the many elements that were not of
interest, obtaining a new, more streamlined materiality. He did not have to understand
what kind of material processes were going on behind the two ‘sorts’ of pollen and egg
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cells that he presumed, it was simply an abstraction based on treating these as absolute
traits that worked in practice. Also, he did not have to account for the materiality of the
plant organism in its environment, which is hardly even mentioned in Mendel’s paper.96
The materiality of plants that was indissociable from an agroecosystem for peasant
farmers—or for naturalists indissociable from their ‘natural history’—was now
redefined as a finite number of discrete traits.

Reproduction as a Science
Mendel’s experimental redefinition of plant materiality did not garner significant
attention during his lifetime. It was only after other biologists were themselves carrying
out hybridization experiments at the turn of the 20th century that, Mendel’s published,
but largely ignored, paper was ‘rediscovered’ (Olby, 1966: Chapter 6). At this point and
given some advances in cytology (the study of cells) a handful of scientists developed
Mendel’s findings into the basics of the theory of classical ‘genetics’, a term coined in
1906 by English biologist William Bateson. The study of cells was important in giving
shape to the theory because it complemented Mendel’s highly abstract approach with a
very basic understanding of the material processes underlying the transformation of
living processes across generations (Olby, 1966: 136).97 For example, the two forms of
the character traits (termed ‘alleles’) were postulated to correspond to two forms of the
zygote (or fertilized germ cell), either as being materially similar with respect to a
character trait (‘homozygous’) or different (‘heterozygous’).
However, a fascinating aspect of the theory and practice of classical genetics
that was coming together is that it was not based on more than a very rough sketch of
the material process of reproduction in terms of the transformation that took place
within the cell. An unspecified entity termed a ‘gene’ (1909) replaced the underlying
‘element’ alluding to the underlying process of inheritance. Its ‘action’, as geneticists
96

There is one passage noting that the plants were grown in the same soil (1865: 5), and another at the
end of the paper where he notes how he repeated his experiments with other plants, among them two
types of beans, noting the importance of “unchanging environments” for “stability” (ibid.: 31). But the
environment is not described at all in the paper, it is simply abstracted, as is the rest of the plant.
97
While Mendel’s analysis dealt with the reproduction of qualities such as pea color and plant height, the
study of cells brought these traits in connection with some transformation within the cell itself, such as
the observation that the germ cells only contained one pair of chromosomes (cf. Olby, 1966: 136). This
understanding of plant reproduction at the level of the cell did not however, play an important role in the
practice of classical genetics as it does in molecular genetics. I will therefore only discuss it more in depth
in Chapter 5.
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put it, was assumed to account for the traits. The fact that cells and chromosomes were
involved was known, but it was not known how they worked, or what kind of substance
they consisted of, nor was this necessarily of interest to most geneticists. This is
revealing in terms of a practical science that treated living organisms as if composed of
absolute and discrete qualities but without directly controlling the materiality at the
cellular level identified as being at work ‘behind’ them.
This concept of a genetic space, abstracted from time in both a relational and
historical sense, is what characterized the new way of conceiving and controlling living
organisms. The geniality of the new genetics approach in terms of defining a new
practical relationship to plants was that they established the conceptual and practical
tools to distinguish between the materiality as manipulated (the phenotype, the
ubiquitous ‘traits’); and a different materiality that could be assumed to exist in the
reproductive cells (genotype and gene) but whose composition remained undetermined
and not even necessarily important from the point of view of successfully controlling a
given hereditary expression. As Wilhelm Johannsen, the Danish plant breeder and
geneticist who coined the term ‘gene’ wrote, “the simple concept [of the gene] should
find expression, that through something in the gametes [sex cells] some trait
[Eigenschaft] of the developing organism is or can be caused or conditioned. [However]
no hypothesis about the essence of this ‘something’ is to be proposed or supported”
(Johannsen, 1912: 124).
Johannsen’s assertion crystallizes the view of life and living organisms from a
new concept of life, that of heredity. Historians and philosophers of science have argued
that prior to the late 18th century, the modern notion of ‘heredity’, of the “transmission
of characters and dispositions in organic reproduction” did not exist. This is difficult to
imagine today, given the ubiquity of this concept of life as specific changes across time,
permeating not only the life sciences (Müller-Wille and Rheinsberger, 2004) but also
many of our everyday notions of living organisms in Western culture more generally, as
exemplified by the commonsense notion that we inherit distinct trait qualities from our
ancestors. In the late 19th century and early 20th century, this view gradually came to
dominate against other scholarly approaches to nature, such as those of Darwin who still
worked from a more multidimensional concept of the materiality of nature, or other
theories that were based on the concept of ‘vital forces’. Reflecting the new approach,
Johannsen claimed that reproduction should now be studied in its own right and not as a
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subfield of the historical evolution of plant and animal species: “Evolution [i.e.,
historical change] needs a theory of heredity; but not vice versa” (Johannsen, cited in
Roll-Hansen, 2008: 44, emphasis added). In contrast to history, heredity meant focusing
on a particular entity or ‘function’; the transfer of a set of discrete qualities, such as
Mendel’s binary characters, from one generation to another defined in abstraction of
other living processes in the organism and its environment.98 As historians of science,
Müller-Wille and Rheinsberger put it in terms very fitting to the dissertation,
“[h]eredity, one might say, results from the attempt to gain control over the flow of time
through the construction of an (ideally) atemporal structure” (2004: 3), i.e., through an
absolute space.
In the following I look at the new science only from the perspective of what I
propose are the two central transformative practices through which plants were
manipulated: Inbreeding or self-fertilization; and crossing. While crossing is often the
more ‘obvious’ technique in the sense that it allows the combination of various
discretely-defined traits, inbreeding is perhaps even more noteworthy and interesting
from the perspective of the dissertation as a whole: As discussed above, inbreeding
recreated a spatiotemporal circularity comparable to the paucity embodied in the seed
form in peasant farming, suggesting that perhaps an important part of successful
strategies in transforming the materiality of plants is based on trying to approximate an
absolute space.99
To summarize all the practices in plant breeding as consisting in self-fertilization
and crossing might appear as a stark simplification of classical genetics given the many
auxiliary techniques involving different types of plants to be crossed and inbred in
98

It is also interesting that the earliest theorists of genetics were more aware of the non-discrete
materiality of nature, i.e., of the fact that they were redefining plant materiality through the notion of
traits. Historian of genetics Raphael Falk notes that “For Mendel and for Wilhelm Johannsen—who
introduced the genotype and gene concepts—the hereditary factors were only a priori helpful instrumental
variables, while for R.A. Fisher [the statistician who first showed that in some traits, accounting for many
factors could remain consistent with Mendel’s observations] they [the hereditary factors or genes] were
experimental material constructs…” (Falk, 2009: 6). For these early geneticists, the concept of traits as a
strategy was much more obvious than it is today for both scientists and non-scientists who are more likely
to see traits as an aspect proper of a plant rather than a historically particular definition of its materiality.
99
By contrast, historians, social scientists and philosophers of science have written about genetics from
the perspective of a history of ideas (Olby 1966; Bonneuil, 2008); from the perspective of defining its
conceptual framework philosophically (Falk, 2009; 2000; Max Planck Institut für
Wissenschaftsgeschichte, 2005; Fox Keller, 2000); from the perspective of the development of its central
institutions such as public breeding programs; foundations; industry, etc. (Kloppenburg, 1988; Fitzgerald,
1990; Bonneuil and Thomas, 2009); or from the perspective of sociocultural implications of the new
cultural paradigms as reflected in new paradigms such as “‘types’, ‘permanency’, ‘stability’ and ‘purity’”
(Bonneuil, 2008: 81; cf. also Max Plank Institute for the History of Science, 2003; 2005).
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various combinations; or the frequent use of complex statistical methods to make
predictions or to ‘translate’ between qualitative traits such as those described and
quantitative ones, among others (cf. Simmonds, 1979; Welsh, 1981). Nevertheless,
crossing and inbreeding are the two basic practices of breeders; based on ‘taking
advantage’ of historical material process in nature—the process of fertilization—and
‘stretching’ it in time and space: Focusing on the practices alone also highlights how it
is similar to peasant practices, intervening at a particular dimension of the plant to
‘stretch’ the material coordinates of the plant. In classical genetics, it entails a ‘stretch’
in the sense of augmenting the process of self- and cross-fertilization beyond the
spatiotemporal frequency in which they have occurred historically. I now describe this
process as it became formalized as the science of genetics, and then how it transformed
the materiality of agricultural crops via the concrete example of what are known as ‘f1hybrids’ in maize.

Control	
  by	
  Repeating	
  Temporality	
  
The notion of breeding in ‘pure lines’ formalized the process of inbreeding
Mendel had carried out on his pea plants as a breeding technique of its own. It entailed
pollinating a plant with its own pollen and then continuously “‘purifying’ its offspring
by selecting out all deviant individuals from each generation of offspring” for whatever
trait was of interest (Müller-Wille, 2007: 801). Wilhelm Johannsen argued that
inbreeding created constancy in a trait and purity in the ‘genotype’ or material structure
of the plant. Once the genotype was ‘pure’ or materially stable, then continuing to selffertilize the bean plants he worked with resulted in only minimal variations in a given
phenotype such as the size of the beans. To describe the new material qualities and the
control involved, Johannsen alluded to the legitimacy of the ‘exact’ and predictable
sciences like chemistry, declaring that “a special genotypical [sic] constitution always
reacts in the same manner under identical conditions as all chemical or physical
structures must do [sic]” (Johannsen, 1911: 146). Plants that were bred in pure lines
could now be controlled with the certainty of the science of chemistry: “chemical
compounds have no compromising ante-act, H2O is always H2O, and reacts always in
the same manner, whatsoever may be the ‘history’ of its formation or the earlier state of
its elements” (ibid., 139). The ideal to be achieved: Life outside of time.
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The ability to attain greater material stability when manipulating plants through
the process of fertilization set a new ideal standard among breeders and horticultural
entrepreneurs. Unlike pollination to cross two plants, however, there seem to be few
examples of deliberate inbreeding by farmers as a precursor to inbreeding as a scientific
practice. The reason for this is likely related to what inbreeding effected materially:
Self-fertilization is a procedure applicable to a single plant, for a single trait. In practice,
even highly rationalized farmers were not after any single quality. For example,
selecting for a trait such as large bean size might very well contradict selecting for
another trait such as high protein content. As Mark Carleton, the late 19th century US
wheat breeder noted of rust resistance, a very important quality in his choice of
landraces to test in the United States, “the most perfect rust resistance is of no
consequence if other essential qualities are absent” (Carleton, 1900: 7). Therefore,
inbreeding was only now evolving along with the societal context that sought a new
degree of purity or stability for very specific purposes.
One example is industrial settings in which stability was paramount in achieving
a standardized product. For example, to create an industrial product of stable quality on
a large scale such as beer, breeding the living organisms yeast and barley ‘in pure lines’
made a considerable difference. In 1905 Johannsen himself was hired by the Carlsberg
Brewery Laboratory to breed high quality strains of barley stable in nitrogen content in
order to stabilize the quality of malt produced. By self-fertilizing an original plant and
selecting out any deviations from the single trait of interest (stable protein content in
this case), Johannsen claimed that “the variation of plant form therefore was reduced to
variation of a single, measurable chemical variable” (Müller-Wille, 2007: 800). The
same was done with a line of yeast, developed from a single yeast cell, resulting in a
pure line known as ‘Carlsberg bottom yeast No. 1’.
The potential to control the materiality of organisms in stable and precise terms
was seen very enthusiastically, creating the impression of a newfound exactitude in how
plants could be manipulated. “Unraveling the problems of heredity has now become a
matter for simple statistical research”, argued British geneticist William Bateson in
1902. He underlined that the ‘problems of heredity’ were not only of interest to the
scientific community, making it clear that the knowledge created in genetics should be
valued for its many practical applications:
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Now when we come to the question of the significance of
[Mendel’s work] to the breeder or to the hybridist, it will be
found that the significance is exceedingly great. I am afraid of
saying that we have already reached a point when the practical
man who is doing these things [deliberately fertilizing plants]
with a definite, economic object or commercial object in view
can take the facts and use them for his definite advantage. But
we do for the first time get a clear sight of some of the
fundamentals on which he will in future work, and it cannot be
now very many years, if the investigations go on at the present
rate, before the breeder will be in a position not so very different
from that in which the chemist is: — when he will be able to do
what he wants to do, instead of merely what happens to turn up
(Bateson, 1902: 2, emphasis added).
Its strength on the side of practical control, the tools of genetics breeding attracted
above all horticultural entrepreneurs, breeders’ associations, and the like (cf. Paul and
Kimmelman, 1988; Wieland, 2006; Bonneuil, 2006).100 This is particularly the case in
the United States where, as briefly described in Chapter 3, a large network of
agricultural research institutions had been reshaped with a clear commitment to a
science-based agriculture since the 1880s. In the context of the 19th-century search to
transform the materiality of agricultural plants described at the end of the previous
chapter, Mendelism became like the ideal of scientific Prussian forestry at the level of
the organism: It cleared the underbrush of all the small details that got in the way— not
of a rationalized forest— but of a rationalized plant.

Inbreeding and Maize
A decade later, and reflecting the new popularity of Mendelism in the United
States, two maize breeders who would become the developers of the f1-hybrid method,
Shull and East, were experimenting and publishing papers on what Shull termed a
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At the 1902 International Conference on Plant Breeding and Hybridization it was not primarily
scholars, but plant and animal breeders, including many who worked for the USDA, who had “taken
more readily as a group” to the theoretical discussion of the work of genetics that was beginning to unfold
(Allen, cited in Paul and Kimmelman, 1988: 283; 285). Nine years later, at the sixth International
Conference of Genetics, of those in attendance, 83 percent were plant or animal breeders, only 13 percent
biologists (Bonneuil and Thomas, 2009: 38f). At the same time, this does not mean that Mendelism was
hegemonic among all plant and animal breeders in their practices. For example, Bonneuil (2006) and
Theunissen’s (2008) research on Mendelism on genetics in France and cattle breeding in the Netherlands
shows that breeders did not necessarily see the new transformative science as a panacea—either because
breeders came up against practical problems that genetics could not help to solve, or because inbreeding
was harmful to the animals.

170

“pure-line method of corn breeding” (Shull, 1909). However, with maize, there was
confusion as to whether breeders could take the advice of those advocating the stability
of the ‘pure-line method’ of reproducing agricultural plants: Breeding in pure lines
immediately showed advantages in the sense of achieving a spatiotemporal stabilization
in plants that were ‘naturally’ self-fertilizing, like Mendel’s peas and Johannsen’s
beans, as well as in most straw cereals such as wheat or barley. But the particular
materiality of the maize plant is very different from these other crops. When maize
breeders tried to inbreed to stabilize a given quality, they noticed that the plants grew
small and weak, becoming easily susceptible to various diseases and resulting in
“smaller, weaker stalks, fewer and smaller ears, and a much greater susceptibility to the
attacks of the corn-smut” (Shull, 1908: 297; cf. also Hayes and East, 1911: 11). The
ears of maize might also fail to form at all, something that East began to warn against,
referring to the “evil effects of close-breeding and inbreeding” (East, 1906: 14).
At the 1902 meeting of the Horticultural Society of New York there was also a
great deal of debate and puzzlement at the practice of inbreeding, with differing
experiences having been made on animals, self-fertilizing and cross-fertilizing plants
evaluated against Mendel’s experiments (Cook et al., 1902: 69-70). At this point, the
new field of genetics was not hegemonic and there were also competing theoretical
grounds to reject inbreeding. In 1903 Charles Hartley of the Bureau of Plant Industry
expressed worries about self-fertilizing maize, asking, “Is the slight amount of
inbreeding or self-fertilization that naturally takes place in a corn field detrimental to the
seed that may be selected from that field?” (Hartley, 1903: 37). In other words, he
wondered whether the difficulty of ‘improving’ farmers’ varieties might be the fact that
in a field of maize there may be some instances of self-pollination taking place. The
discussion at the meetings shows that inbreeding in maize made no sense to the several
of the participants and was generally discouraged. According to another breeder a few
years later, “there is absolutely no question that we breed degeneracy in our corn field
by inbreeding” (Steward, 1909: 248, emphasis in original).
To understand why inbreeding was so problematic for maize but not peas, wheat
and other crops, the specific material qualities of how the maize plant has historically
reproduced in space and time must be considered. The striking outward difference in the
reproductive structures of maize as compared to other grains is reflected in a 1578
translation of a slightly older text first published in Dutch by the Botanist Rembert
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Dodoens, A Nieve Herball or Historie of Plantes, in which he notes the unusual outward
materiality of the ‘new world’ plant, unknown in any of the ‘European’ grains:
This corne is a marvelous strange plante nothing resembling any
other kinde of grayne; for it bringeth foorth his seede cleane
contraire from the place were as the flowers growe, which is
agaynst the nature and kindes of all other plantes, which bring
foorth their fruite there, where as they have borne their flower
[…]. At the highest of the stalkes growe idle and barren eares
which bring foorth nothing but the flowers blossomes […]
(Dodoens, 1578: 463).
Each of these ‘barren eares’ are probably described as such because maize is unusual as
a plant with separate flowers for male and female cells on the same plant (Smith, 1995:
27). Thus, the ‘barren eares’ are in fact the male, pollen-producing, flowers or ‘tassels’.
The female flowers, located in pairs along the cobs-to-be on the sides of the plant, send
out a style or ‘silk’ from the husk that will receive the falling pollen. The point is that
the pollen may come from the same plant, but more often it will come from one of the
18 million pollen cells produced by a nearby plant and carried by the wind (Fussel,
1992: 62). Thus, unlike other plants that are self-fertilizing given that both sexes are on
the same flower, the combination of materialities that come together to form each of the
hundreds of grains in every maize plant is therefore spatiotemporally unique, and
unlikely to repeat as in self-fertilizing plants. As discussed in Chapter 3, cross- and selffertilization are not categorical or exclusive material frontiers. But while an ‘inbreeding’
plant like rice might cross-fertilize with other rice plants at a rate of about 5%,
outbreeding plants like maize do this close to 100% of the time (cf. Virmani, 1994: 79).
Given a plant materiality that had for thousands of years reproduced with a great deal of
variation in space and time, inbreeding went strongly against this material history and
was in that sense detrimental to the plant.
Although East’s warning to farmers against the ‘evil effects’ of inbreeding
shows that he is clearly aware that self-fertilization is harmful to maize (1906: 14),
scientific breeders like he and Shull at the same time understood inbreeding as a
positive manipulation in the sense of a tool for stabilizing the materiality of this unruly
and rapidly-changing plant. Thus, three years after his warning to farmers, East began to
argue in favor of inbreeding, explaining his position as a distinction between “heredity”
and “development”. His new position is that inbreeding does not cause a general
deterioration to heredity defined by the transmission of “characters”. It is only in terms
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of ‘development” that there is “a partial loss of power” (1909: 177). This is a good
example of how the emerging science redefined the materiality of nature as heredity—a
discrete process that can be viewed in abstraction of the whole materiality or
‘development’ of the plant. Inbreeding in maize is also a first example of an aspect that
will reappear again in the discussion of how plants were transformed through genetics
in this and the next chapter: Using living processes that are disruptive or destructive to
the historical materiality of plants as a (re)productive force in transforming it. The
visible outward difference in size after various generations of maize inbreeding is
shown in figure 4.1
Figure 4.1: Stability through Inbreeding
This image was taken from the US Yearbook of
agriculture in 1936. It shows a “reduction in
vigor as a result of seven generations of
inbreeding.” Its source in the Connecticut
experiment station where East did breeding work
in earlier years. The maize inbreds show a
notable difference in size as well as health.
However, after the fifth generation the
photograph shows how the plans attain the
spatiotemporal stability that breeders were after.
Image source: USDA, 1936: 477

In the context of this new scientific logic, Shull and East saw the materiality of
peasant maize, i.e., what “Indians have done for thousands of years”, as depending
“upon the chance hybrid combinations that the winds happen to present” (Shull, 1908,
cited in Crabb, 1948: 57). However, based on the characterization of peasant plants
discussed in Chapter 3, it is difficult to agree with Shull’s assessment that the peasant
production of maize was something left to whatever ‘the winds happen to present’.
Peasant maize selection in Mesoamerica is notorious for the importance of keeping
landraces ‘pure’ (cf. Bellón, 1994; 1995; Hernández Xolocotzi, 1985; Anderson, 1947;
1952). As described by a 20th century botanist specializing in maize,
[In the Peruvian highlands, peasant]… selection has become an
art. I have seen […] the harvest of the fields of Kculli, the black
corn used for dying and for coloring […] laid out in the sun to
dry with not a single color deviant in sight. These have already
been removed from the drying area and set off in a pile to one
side. The pile of off-type ears is usually remarkably small and
testifies to the effectiveness of previous generations of rigid
selection. In the [maize] [land]race Cuzco seven types differing
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in endosperm texture or pericarp color are maintained in states of
relative purity (Mangelsdorf, 1974: 208, emphases added).
Thus, the issue is not in fact that peasant maize was disorderly, but that ‘pure’ is defined
within the peasant context—meaning that it is also heterogeneous on other dimensions:
Adaptable to the diverse needs of people and to the changes on the land, including new
weather patterns, new soils, changing tastes and culinary patterns, preferences in
planting, migrations, and so on. By contrast, to Shull and the new scientific breeders,
‘purity’ meant a spatiotemporal stability in the sense of predictable and unchanging
qualities, as if in the absence of time.101
From Shull and East’s perspective, the important qualities were that within each
row of maize replanted from a single self-fertilized seed, “the variability was slight” and
each line of inbreds brought out various uniform traits (Shull, 1908: 297). Shull
concluded that he had isolated pure lines of maize similar to the “biotypes” described by
Johannsen in beans, an “elementary form group” (Shull, 1908: 298). According to East
and his colleague Jones, “[t]he great variability of a cross-fertilized species gives way to
the more uniform and stable condition characteristic of naturally self-fertilized
organisms” (1919: 98, emphasis added). East claimed that “inbreeding tears aside the
mask” of the maize plant, whose traits are “stripped of all pretense, shown in all their
weakness” (East and Hayes, 1912: 38). It makes sense that East saw inbreeding in this
light, bringing into relief material qualities that are difficult to appreciate in the
spatiotemporal complexity of a landrace— or perhaps more accurately, that do not
really exist in such a form within landraces. Later breeders have described inbreeding in
a similar way, such as when mid-20th century maize breeders Wallace and Brown tried
to inbreed popular 19th century maize varieties to “find out what was in these three
varieties—how much gourdseed and how much flint” (Wallace and Brown, 1956: 80).
However, in terms of my analysis, East does not, except perhaps in a metaphorical
sense, reveal a hidden quality. Instead, he is attempting to re-draw the spatiotemporal
coordinates of the materiality of the maize plant.
101

Theunissen (2008) discusses the divergence between 19th century Dutch dairy breeders’ and
Mendelian scientific breeders’ definitions of “purity” at the turn of the 20th century. In that context, purity
for the Mendelian scientists amounted to the stability of a discrete trait over time, as it does for Shull. But
for traditional cattle breeders “purity” meant knowing the animals’ herd-history, i.e., the bull who sired a
herd. Dutch cattle breeders were accused of breeding merely for “fancy” rather than for the rational
strategy of breeding for higher milk yields. Yet in this case, too, breeders were wary of inbreeding
because of their experience with a time when too much rationalization to produce higher milk yields had
indeed turned cows into “milking machines” (ibid., 645) at the cost of the animals’ health.
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The	
  Baroque	
  Materiality	
  of	
  Hybrids:	
  Stable	
  and	
  Ephemeral	
  
Once Shull and East had achieved their pure lines of inbred maize, they crossed
them. The point of crossing was to combine the now stable qualities into a single plant,
an echo of the vision of Hempel or Knight in the early years of the 19th century. Shull’s
1908 paper shows that he understood crossing as allowing breeders to “separate[e] and
re-combin[e] in some definite manner the elementary species” (Shull, 1908: 300); or in
Mendel’s own terms, recombine the ‘constant forms’.102 But simply inbreeding and
crossing the stable plants does not yet create the particular materiality of an f1-hybrid.
F1-hybrids are the result of unique crosses produced only by certain combinations of
plants. In this section I describe what this particularity consisted of; and also show that
the usefulness of f1-hybrids—and of the plants reproduced by genetics breeding more
generally—was not only the result of achieving spatiotemporal stability, but was at the
same time based on creating a very ‘fragile’ or ephemeral materiality.
By crossing the two inbred lines their ‘purity’ was undone, but the plants were,
as Mendel might have conceived it, a combination of (only) two ‘sorts of pollen’ along
many characters, and therefore still relatively homogeneous. In 1923, Henry Wallace,
then US Secretary of Agriculture, noted that “the uniform appearance of the hybrid
fields […] makes a fine display from the highway” (Wallace and Bressman, 1923: 28),
an observation still echoed in a breeding textbook today noting that a field of hybrid
maize is “impressive because the plants tend to be uniform. Plant height, tasseling [the
timing of pollen production and the amount produced], silking [when the styles leading
to the female egg cells appear], and pollen-shedding are uniform, giving the field good
eye appeal” (Copeland and McDonald, 2001: 246). Whether or not one agrees with this
particular aesthetic, the spatiotemporal uniformity between a field of f1-hybrids and a
peasant landrace is strikingly different, as shown in Figure 4.2 below. As compared to
an open-pollinated field, it is a highly controlled materiality, a grandly orchestrated
army of greenness that sprouts from the ground and develops in temporal unison,
usually brings forth a single ear of grain, placed at the same height, grows and ripens at
the same time, and so on. In maize, an outbreeding and therefore rapidly changing plant,
this kind of spatiotemporal stability had never before been achieved. Thus Wallace’s
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The traits he and East worked with as part of these experiments were distinctive ‘either/or’ Mendelian
traits that Shull referred to as “contrasted pairs” (Shull, 1908: 297). These included sweet or flint (i.e.,
sugary or starchy) kernels of maize; slender or stocky stalks; stalks of either 6 ¼ feet or 8 ½ feet in
height; and 10 or 14 rows of grains on the ear, among others (cf. Shull, 1908: 297).
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further comment that the uniform appearance of hybrid maize “does not accord with the
average farmer’s idea of what good corn should look like” suggesting that until then,
farmers were accustomed to and liked the heterogeneity of land races (Wallace and
Bressman, 1923: 28).

Figure 4.2 Hybrid and Peasant Maize Fields
The images show the contrast between the stark spatiotemporal regularity of maize hybrids and the
heterogeneity of a peasant Guatemalan milpa.
Image sources: http://oregonstate.edu/instruct/css/330/six/; Wikipedia/Hanneforth, 2002.

While crossing two inbred lines allowed the discrete plant qualities to be
combined predictably, the plants being crossed still suffered from the harmful process
of inbreeding, rendering a stable specimen that nevertheless remained small, weak,
sickly, and usually failed to produce a significant amount of grain. Yet in their early
experiments of crossing inbred lines, Shull and East observed that, in some instances,
particular combinations of inbred lines restored some ‘vigor’ to the plants, meaning that
the offspring of the cross had visibly regained in strength: The size of the plants was
again as large or larger than the original plants prior to inbreeding, they were
particularly hardy and disease-resistant or produced higher amounts of grain, an
increase “of the order of the sum of the yields of inbreds” (Simmonds, 1979: 89). This
was of course very important if the breeders were going to do anything practical with
the maize plants. Successfully crossing the inbred lines to combine traits from one plant
to another would have remained a scholarly exercise had the traits been transferred
predictably but the result of that cross had produced small, weak plants. Yet, this ‘vigor’
was only obtained in very few of the crosses and was not a quality that breeders could
predict in advance. It was in this sense a sinuous path to the ideal plant materiality, a
‘baroque’ materiality.
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Despite East’s claims that the use of Mendelian science “in corn breeding is very
simple, and its study should prevent many fallacious proceedings and render the work
of corn improvement more methodical” (East, cited in Fitzgerald, 1990: 34f.), the
phenomenon of increased ‘vigor’ was indeed not something that the breeders could
foresee at all. The procedures of inbreeding and crossing were taken up enthusiastically
because they were, in many cases, concrete tools that lent accuracy and predictability to
the manipulation of plants. But on many dimensions scientific breeders did not confront
the imperviousness of transforming the multidimensional materiality of plants with
many more tools than the 19th century experimenters from whom they distanced
themselves. Early scientific maize breeders complained that popular institutions—
notably the Corn Shows and State Fairs—produced poor standards for what they now
considered good maize based on the new ideas of stability and scientific predictability.
For example, farmers were encouraged to reproduce misleading visual qualities such as
the popular and erroneous notion that larger maize cobs correlated with higher ‘yields’
or grain mass per harvested area (Fitzgerald, 1990: 142ff.). Yet scientists themselves
faced a similar situation at a different level: They now knew that ear size and yield do
not correlate, but as contemporary breeding textbooks still note, “the most important
trait for inbred lines, its contribution to yield… cannot be visually determined” but must
be tested, that is, crossed, and the offspring plant grown in order to find out which
combinations are good ones” (Poehlman and Sleper, 1995a: 203; cf. also Simmonds,
1979: 156).
With just 100 inbred lines, which seem to be in the range of those being tested
by Shull, East and their contemporaries (cf. Fitzgerald, 1990: 140), the number of
different possible crosses that would have to be tested was 4950 (Poehlman and Sleper,
1995a: 208). With the double-cross technique that was eventually used to produce
commercial hybrids,103 the numbers for finding a good variety are staggering: With the
same 100 lines there are 11.75 million possible crosses (Jenkins, cited in Kloppenburg,
1988: 103), and again, only a very small ratio of these crosses would actually produce
the ‘hybrid vigor’ effect. Those that did, however went on to replace, in just a few
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Crossing the two lines of inbreds only once resulted in some plants recovering from the ‘inbreeding
depression’ but did not produce as many grains as a so-called ‘double-cross’. The latter produced higher
amounts of grain without losing too much of the stability acquired through inbreeding (Fitzgerald, 1990:
57). A double-cross is the result of two inbred ‘parents’ and two inbred ‘grandparents’: Four different
lines of inbreds were tested, crossing them at two points in time: Inbred A was crossed with inbred B, and
inbred C with inbred D. Then the offspring of A and B was itself crossed with B and C, in order to get the
new hybrid with parentage ABCD.
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years, close to 100% of the maize grown in the United States and later around the
world, as I discuss below.
The f1-hybrid crosses are tenuous not only in the sense that the ‘vigor’ that made
them viable occurred so seldom, but also in the sense of how crossing actually worked
in practice. The inheritance of many traits follows patterns that could not be easily
predicted because most traits were not at all a clear or discrete materiality in the plant—
or to put it in the language of classical genetics, they were controlled by the ‘action’ of
many genes in patterns that differed from those of Mendelian inheritance.104 For the
practice of breeding, this means that frequently the ‘traits’ are added or ‘crossed in’ in a
piecemeal fashion, through a trial and error process (Welsh, 1981: 187). For example, a
breeder may have a good variety of maize to which he wants to add the trait ‘resistance
to corn smut’, by crossing it with a plant that is not affected by this fungus. But once the
two plants are crossed, the plant to be crossed ‘in’ will transfer not only that one trait,
but also many other dimensions of its materiality, underlining that plant traits do not
exist as such but that conceiving of them as such is only a strategic redefinition of the
materiality of living beings. But because ‘corn smut resistance’ is not in fact a distinct
material quality but a reconceptualization of the plant for strategic ends, the breeder will
have to cross back out any undesired qualities through a technique known as
‘backcrossing’ (cf. ibid.) As breeding textbooks describe, this will entail a long process
of crossbreeding the offspring ‘back’ with the first plant for as many as six to seven or
generations, selecting out all unwanted qualities until breeders ideally arrive at the first
plant plus the single trait of interest (Simmonds, 1979: 35). This process is the main
reason that a scientific breeding program can take as many as 10 years to produce a
final ‘elite cultivar’ (Murphy, 2007b: 36).
It is interesting that this productive tension between stability and fragility in the
creation of f1-hybrids follows a similar pattern as identified in Chapter 3 for the process
of plant domestication. In that chapter, I argued that producing the new materiality of
peasant crops was based on a productive tension between following the spatiotemporal

104

To explain why most traits in fact do not follow Mendelian patterns, classical genetics breeding
conceives of certain traits as ‘continuous’. For example, if the interest is not in green/yellow seed color,
i.e., in a discrete ‘trait’, but in the number of grains, then there is not a binary choice but a distribution of
values. This is of interest from the point of view of the dissertation because it underlines the fact that the
discrete traits that are identified by geneticists are a strategy for understanding patterns in the materiality
of nature, but that the notion of traits does not necessarily correspond to the materiality of nature, i.e. that
understandings of nature are non-identical to the materiality of nature.
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patterns of wild plants but also modifying them slightly in time and space (or
‘contradicting’ them in a sense) to create the new spatiotemporally different qualities of
‘domesticated’ or peasant varieties. Here, I see a similar process. On the one hand,
producing the new materiality of the f1-hybrids entails following or reinforcing old
material patterns in how crops have fertilized historically. This is most evident among
plants that were already self-fertilizing. When these plants are inbred in ‘pure lines’ to
stabilize their materiality, a historical process of the plant is used as a (re)productive
force to achieve an even greater degree of spatiotemporal stabilization. But if it takes
place nearly 100% of the time, the process of self-fertilization is no longer quite
following the historical materiality of nature, but taking it in on a tangent, exaggerating
or stretching it, such that the plant is now always self-fertilized. This changes the
historical temporality of peasant plants, their materiality. It is the small but important
material difference between changing slowly, and almost not changing at all.
Reinforcing self-fertilization as a productive-transformative force in the course
of breeding is less extreme in the case of plants that were historically self-fertilizing like
Mendel’s peas or Johannsen’s beans, but it is immediately more of a strain, rather than a
stretch, in the case of a plant like maize that was historically cross-fertilizing and was
negatively affected by the process of inbreeding. The process of transforming the
materiality of plants is therefore based on a productive tension between following the
historical material patterns of the plants and contradicting them or stretching them along
a different spatiotemporal ‘plane’. Here it is also important to note, however, that these
‘historical patterns’ are recurring materialites established by the age-old practices of
peasants with seeds. As discussed in the previous chapter, self-fertilization is a material
quality (stability) that was acquired through peasant selection, but that seldom exists in
non-agricultural crops.
There is a similar productive tension in the strategy/practice of crossing. Crossfertilization is also a process that has historically shaped the materiality of plants,
occurring in domesticated crops at different rates— in maize or rye more frequently
than in rice or wheat. But when cross fertilization is used as a reproductive force to
combine two discrete traits or qualities, this is not only using a very old historical
process as a productive-transformative force, but also ‘stretching’ the process:
Historically, the maize plant cross-fertilized but it did so within a landrace, the product
of gradual changes in time and space. By contrast, with the crosses made through
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genetics, what breeders were doing was to use cross-fertilization to transfer discrete
traits independently of the rest of the materiality of the organism. These qualities, which
did not exist discretely in the plant/agroecosystem, are now redefined as such, brought
into relief through the process of inbreeding and combined through selective crosses
and ‘back-crosses’ until a discrete trait has been added. The result is a spatiotemporal
‘jump’ of sorts when these traits are ‘added’ to the final plant. The historical materiality
of nature is used as a productive-transformative force, creating a new materiality
through a process of identity and difference, stability and fragility, in space and time.
There is a final, noteworthy dimension of the baroque materiality of f1-hybrids.
It is the fact that the new plants only retain their stability during the first life cycle of the
plant after the cross. If the offspring of that generation is re-sown, the plants lose their
spatiotemporal homogeneity as the plant ‘traits’ rearrange according to patterns that
resemble each of the original inbred lines. Shull and East themselves observed that the
stability of the new material order they created through inbreeding and crossing—
synchronous growth, similar shape, evenness at the level of the field, etc.— was rather
ephemeral. As Shull wrote in 1908,
The problem of getting the seed corn that shall produce the
record crop of corn or which shall have any specific desirable
characteristic combined with the greatest vigor may possibly find
solution, at least in certain cases… by the combination of two
strains which are only at the highest quality in the first
generation, thus making it necessary to go back each year to the
original combination instead of selecting among the stock for
continued breeding (Shull, 1908: 300, emphasis added).
Shull’s comment reflects the fact that, at the time, most breeders were working on
maize with the mindset of the state-run agricultural stations that foresaw the
‘improvement’ of varieties to make them available to farmers for further selecting. An
example of the latter would be the work of Mark Carleton, the USDA wheat breeder (cf.
Chapter 3). However, Shull notices that the new type of materiality he has achieved is
not of a kind that farmers will be able to continue to reproduce because the stability of
any qualities for which it was bred only remains stable during the first, or ‘filial 1’ (‘f1’)
generation.
If farmers were to practice selection after the f1-generation, the spatiotemporal
arrangement would become a very different order, with the underlying ‘elements’ or
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‘genes’ rearranging in ways that undo the qualities/traits achieved in the f1-generation.
For example, in the case of yield, the differences between f1 and f2 might amount to a
loss in yield of ca. 20%, as a maize breeder explained (2011, personal communication).
This would make it impracticable for a farmer to save his seed if, as part of the new
industrial system, yields should be as high as possible to remain competitive. The same
is true of other characteristics. F1-hybrids therefore embody a spatiotemporal specificity
that is both fragile and impervious, in the sense that it cannot be reproduced as a
continuous historical process, from one generation to the next, but must be replicated
anew by returning to the same material. I will come back to this quality again in the
discussion of production towards the end of the chapter.

A	
  Single,	
  ‘Grossly	
  Atypical’	
  Plant	
  
Despite the complexity involved in the breeding process, f1-hybrids went on to
become a great success in transforming the materiality of crops as just described.
Between 1933 and 1940, the US Department of Agriculture reports that f1-hybrids
replaced practically all open-pollinated maize varieties in the United States ‘corn belt’
(USDA Yearbook of Agriculture, 1940: 43; Duvick, 1999: 2, citing USDA, 1953). In
Illinois, hybrids rose from less than one percent to 77% between 1934 and 1940; in
Iowa, change occurred even faster, with 90% of maize acreage planted to f1-hybrids
already in 1936 (Fitzgerald, 1990: 130; 1993: 340f; Ryan, 1948: 275).105 The inbred
lines developed in the US would also become the basis of public and private hybrid
maize development programs elsewhere, including nearly two dozen states that received
inbred lines through the United Nations Food and Agriculture Organization (FAO)
already in the 1940s (Bonneuil and Thomas, 2008: 163ff). Presently, f1-hybrids
continue to account for large percentages of commercially-grown food and forage crops
worldwide—65% of maize, 60% of sunflower, 48% of sorghum, as well as a large
majority of commercial vegetable crops, which are commonly now bred as f1-hybrids.
The 65% figure in maize reflects the fact that, while hybrids now completely dominate
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For the United States as a whole, the early years are less telling because f1-hybrids were first grown in
the ‘corn-belt’ states. Yet the trend is similar nationwide: 0.2% of maize acreage were f1-hybrids in 1933,
but by 1944 use had grown to 83% (Copeland and McDonald, 2001: 246).
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in industrial agriculture, in other areas where peasant agriculture continues to be
important or even dominant, peasant farmers continue to reproduce landraces.106
The rapid pace at which hybrid maize was adopted has been frequently noted
(cf. Ryan, 1943; 1948; Fitzgerald, 1990; Kloppenburg, 1988). But from the perspective
of the dissertation, perhaps even more outstanding than the rapid speed of adoption and
the breadth of crops it has transformed, is how very few individual plants have ever
been used by breeders all over the world since the 1930s to produce f1-hybrids, a
pattern that also holds for the production of other types of ‘elite cultivars’ created
through other practices of classical genetics.107 Put differently, what seems remarkable
is the very narrow materiality with which so much of this crop, worldwide, was
transformed. On the one hand, it has been frequently noted that only very few inbred
lines have been used in the creation of commercial f1-hybrids: Of 100,000 potential
inbred lines isolated by 1940, only 60 were in use, and by the late 1970s this went down
to only six (cf. Simmonds, 1979: 155). This already suggests that there is a very narrow
range of materiality—or ‘germplasm’, as it is called in breeding—that went into
producing hybrids. But this trend is illustrated even more dramatically through data on
the particular maize varieties used in the creation of hybrids as presented in a series of
papers by Forrest Troyer, one of the earliest f1-hybrid breeders. Troyer shows that even
within these few inbred lines, only five 19th-century varieties account for 87% of the
“parental background”, i.e., the maize varieties used to inbreed for the f1-hybrid lines
found today in the United States (Troyer, 2004a; 2004b; 1999).
To appreciate why this is so remarkable, recall that the rapidly rising
productivity of agriculture in the United States during the 19th century had depended on
a wholly different logic: Scouring peasant fields worldwide for a wide variety of seeds
with ‘desirable qualities’, as wheat breeder Carleton put it, and adapting them to the
new local environmental (soil, light, temperature, humidity…) conditions of each region
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Given the focus of this chapter on the materiality of crops reproduced through the methods of
classical genetics, I have not explicitly emphasized that in many parts of the world, scientifically bred
varieties and peasant varieties have continued to coexist. The coexistence between various ways of
reproducing plants in other areas of the world is an important point but largely beyond the scope of the
dissertation research with one exception: The dependency of new and dominant methods of reproducing
plants in classical and molecular genetics on the historical materiality of peasants seeds. This is a point
that I return to below as well as in the following chapters.
107
Other techniques of classical genetics are also based on combinations of crossing and inbreeding. For
example, in the case of self-fertilizing crops such as wheat, crosses may be carried out first, and once an
‘eilte cultivar’ is achieved, the crop can be inbred to achieve stability.
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(cf. Chapter 3). Although there were tensions that tended to draw away from the
historical qualities of these landraces, this strategy of moving seeds in space and
selecting them was successful in adapting wheat and many other crops to vast areas of
the United States. But five or six decades later, only a few strains of hybrid maize seeds
were grown in very large areas of the country. How was it at all possible for a handful
of plants to grow in such widely varying environmental conditions? What was so
unique in the materiality of these plants that they could ‘trump’ the specificity of each
of the many ecosystems that exist even within a single corn-belt state —e.g., soil quality
differences, humidity, temperature, etc.? I address these questions with the example of
f1-hybrids but the trends that I describe also hold more generally for other crops bred
with the methods and approach of classical genetics in general.
One answer is that not only were the plants stabilized in time and space through
the process of breeding as detailed above, but also the larger agroecosystem that the
plants were to be grown in was standardized. The most common strategies for doing so
included irrigation, already practiced to some extent in the late 19th century in arid
regions such as the Rocky Mountains (Carleton, 1900: 20ff); as well as fertilization.
Although chemical fertilization of maize was negligible before 1945, the end of the war
created a cheap nitrogen supply, and hybrid lines were bred for the explicit purpose of
tolerating applications of nitrogen (Kloppenburg, 1988: 118f.).108 The plant was thus
adapted to a standardized environment of specific amounts of water and nitrogen,
compensating for variable humidity and soil nutrients, a strategy that could be recreated or superimposed on any environment the crops were to be grown in (cf. Hicks
and Thomison, 2004; Beck, 2004). Special planters (planting machines) even played a
role in standardizing the depth at which the seed was put into the ground in a given
region, as well as the planting density (Beck, 2004). The fact that the ecosystems of
monocrop cultivars, including f1-hybrids, consisted only of other f1-hybrid plants also
ensured a standardization of the environment. Finally, because such a standardized
environment is very prone to attracting pests, a final standardization scheme included
the application of pesticides and fungicides (Kloppenburg, 1988: 118).
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For the plants to tolerate the applications of nitrogen, their materiality had to be reconfigured in space.
A maize breeder explained that, because increasing nitrogen dosage resulted in plants that grew too tall
and therefore ‘lodged over’ (their stalks grew too long and weak from the added nitrogen), during the
1950s and 1960s breeding programs for f1-hybrids began to modify inbred lines to select for very strong
and sturdy stalks, remaining an important characteristic of all hybrids since (2011, personal information).
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The care given to a spatiotemporal homogenization of the environment is
magnified further when considering not only the production of crops, but of seeds.109 In
the case of seed production, even greater attention is given to creating an extremely
standardized environment to produce seeds that result in similar crops in as many
locations as possible. Particular care is given to the standardization of the environment
for the first inbred lines, because their extreme homogeneity makes them more
susceptible to environmental variation. Processes like flowering can vary by as much as
60 days for a given inbred line grown under variable growing conditions (cf. Beck,
2004: 571f.). Other standardization techniques in seed production are the
homogenization of the soil to maximize water and nutrient uptake; optimal “seed
enhancements” such as seed coatings or applications of fungicides, and a precise
preparation of seedbeds including spacing and depth, as well as optimizing planting
dates (cf. Hicks and Thomison, 2004). Today, these technologies even include lasers to
level the ground or computerized systems to measure field conditions such as humidity
levels, as a Mexican agronomist explained (2011, personal communication).
A contemporary seed breeding handbook gives the example of seed producers in
the Northwest United States who have achieved seed production “for widespread
availability in the United States and in the world”, gaining them international
recognition (Copeland and McDonald, 2001: 235, emphasis added). To produce this
globally-adapted seed, in addition to using some of the environmental standardization
strategies just mentioned, this company’s production process also includes large-scale
scorching of the soil to render it a non-specific space, a standardized production unit
that can grow anywhere and everywhere.
[A] special drill [is used] that places a charcoal barrier directly
over the seed immediately after planting. A nonselective
herbicide… is then applied to the entire field. The herbicide
directly above the drilled seed is absorbed by the charcoal layer,
allowing seed germination without injury while all seedlings
between the bands are eliminated [i.e., killed by the herbicide].
Once the [seed] crop is established the use of selective herbicides
and hand rouging keeps weed contamination to a minimum
(Copeland and McDonald, 2001: 235ff.)
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Here, I refer to the production of the f1-hybrid (or any other) seed bred to be sold to farmers as seed,
as opposed to the maize again cultivated by farmers themselves. In the case of f1-hybrid production,
producing seed meant growing the inbred lines as described and then crossing both plants to obtain the
f1-hybrid seed.
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These standardizations of the environment are an important aspect of the
transformation of the materiality of seeds from a historical perspective. They show that
it was not enough to ‘think away’ the environment when designing a breeding strategy
that conceived of plants as if a bearer of discrete traits in abstraction of the rest. The
ecosystem also had to be reckoned with, if not in the immediate breeding process, then
at the latest when the newly calibrated seed was actually sown. But while the ecosystem
scale matters because it is a real dimension of the materiality of how plants grow,
through its standardization it also ceases to matter because it is made as neutral as
possible.110 The result is that the relevant scale for the production of the new plant
materiality of classical genetics became that of the plant itself and no longer that of the
ecosystem. The practice of genetics now had an easier time creating plants ‘in its image’
in the sense that the abstractions that were part of the breeding strategy became a reality
in agricultural production and not only in the experimental trial fields.
In addition to the standardization of the environment in which the maize plants
grew, a second important factor in explaining how so few seeds could grow in so many
different environments is the fact that a few seeds were chosen that were rare
individuals, unique in their supra-locality. This is what has been shown by Forrest
Troyer, a highly successful commercial breeder in the United States credited with
developing 40 commercial f1-hybrids (University of Minnesota, 2009). Upon reading
Troyer’s papers I was surprised by his claim that “hybrids eliminated much of the
justification for local adaptation; where the seed was developed and produced no longer
greatly mattered” (Troyer, 2004a: 370). Troyer’s explanation for this (Troyer, 1999;
2004a; 2004b) is that to produce a standard product, breeders came to rely on a handful
of highly unique seeds corresponding to “five popular, widely adapted, century-old
[open-pollinated] cultivars” (376).
The unique varieties to which Troyer refers are in fact the same famous varieties
of maize that were popular ‘regional’ varieties during the 19th century. I mentioned
them earlier in the chapter in the context of the crosses made by experimenting farmers,
describing them as a type of ‘hybrid’ or mixture between peasant landrace varieties and
the modern maize ‘cultivars’ such as f1-hybrids themselves. Underlining this
intermediate materiality, in a 1952 paper, Anderson and Brown also note that varieties
110

A complete standardization is of course impossible because some factors such as weather, hours of
sunshine and air humidity are difficult to standardize.
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such as ‘Reid’s Yellow Dent’, ‘Leaming’ or ‘Lancaster’ were “variable to an extent
which can scarcely be appreciated” by those who are used to the spatiotemporal stability
of contemporary hybrids. At the same time, however, these 19th century varieties had “a
conspicuous core of generally prevalent characters [and] compared with maize in other
parts of the world they were a well-marked and very definite entity”, i.e., they were also
distinctly different from true local farmers’ landraces (1952: 2).
As discussed in Chapter 3, these varieties played an important role as one-of-akind seeds found within landraces already in the 19th century but contrasted with
peasant landraces in that they were treated as individuals chosen for particular traits,
despite the fact that the reproduction technique was still based on selection. Among
these 19th century in-betweens, Reid’s Yellow Dent is perhaps the most famous U.S.
maize variety of the 19th century, prized as World’s Fair Corn at the 1893 Chicago Fair
and “the standard by which all other cultivars were grown in the North-Central United
States” in the 19th century (Smith, 1995: 17). What made Reid and all the other varieties
famous up to the period prior to the introduction of hybrids is that they embodied the
best type of standardization that could be achieved at the time: A measure of supra
locality in space. Nevertheless, in the late 19th century this supra-locality was only
relative, since the environments in which the plants were grown were not standardized,
and seeds were maintained through open-pollination and selection, and were therefore
still locally-adapted versions of a seed type that had the unique quality of growing well
in many areas.
Troyer’s data can thus be interpreted as not only showing that it was the new
stabilization afforded through genetics that came to ‘improve’ upon (further stabilize)
the 19th century varieties, as breeders like Shull and East claimed; but rather that these
older varieties were important to the materiality of the f1-hybrids on a crucial
dimension: Their unusual ability to grow across many spaces. According to Troyer,
Reid’s Yellow Dent alone accounts for a full 51% of US hybrid maize background
(Troyer, 2004a: 372). Sixty years before Troyer’s analysis, maize experts and breeders
Anderson and Brown had already noted that “most maize breeders have not understood
that the hybrid vigor they now capitalize is largely the dispersed heterosis of the flintdent mongrels [and that]… the germ plasm they use for fundamental studies is grossly
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atypical of germ plasms in general” (Anderson and Brown, 1952: 2, emphasis
added).111
This reliance on individual seeds is by no means only a pattern particular to f1hybrids. It also holds for many of the most successful varieties produced by classical
genetics breeding. For example, the ‘parent’ wheat plants from which the most
successful 20th century varieties were developed were also those that had been highly
successful in the 19th century. According to Olmstead and Rhode, “in 1969 eleven
varieties of hard red winter wheat were grown on one million or more acres. Turkey [a
wheat landrace] was important in the pedigree for all these varieties” (2004: 71).
Another example is that, only three individual plants were used to develop all shortstemmed Green Revolution wheat varieties that later spread worldwide (Shiva, 1991:
86). The abstraction of space at the scale of the ecosystem was so important to the new
material prototype envisioned, that other measures were devised to achieve it. For
example, Norman Borlaug who is known for developing the short-stemmed or ‘dwarf’
wheat varieties of the Green Revolution (see below) bred varieties to be ‘indifferent’ to
the passing of space and time by ‘shuttling’ his seeds across a difference in latitude of
2000 km as he bred them. To do this he harvested one generation when the days were
getting shorter, and the next cycle in the same year, when the days were getting longer.
This reorientation—or perhaps disorientation—of the plant’s spatiotemporal bearings,
rendered the plants “supremely adaptable to different regions around the world”
(Kingsbury, 2009: 294), i.e., it created a ‘passepartout’ materiality.
In keeping with this pattern of abstracting away from the scale of the
agroecosystem, plant breeding has continued to depend on qualities of plant individuals
and now, more precisely than was possible in the 19th century, on the right qualities of
traits conceived as individual ‘genes’. For example, in tomato breeding programs there
was a famous find of the single plant with the traits or ‘genes’ that would increase the
range of temperatures under which plants will set fruit. Likewise, the more recent
111

‘Heterosis’ is the term coined by Shull to describe the ‘vigor’ that made f1-hybrids in maize
practically viable, as explained earlier. The ‘flint-dent mongrels’ refers to the fact that these famous 19th
century varieties were themselves crosses between soft and hard-starch maize landraces. How remarkable
it is that a seed was suited to a multiplicity of spaces is underlined by comparing the five popular varieties
to other varieties that existed in the early 1930s. In 1936 breeders could recommend a total of 181 openpollinated maize varieties from 48 states, of which 122 were for use only in one state, 21 in two sates, 12
in three states, nine in four states and seven in five states (Troyer, 2004a: 376). The first “widely-adapted”
f1-hybrid, ‘Iowa 939’ was first grown commercially in 1933, it “performs well” in Iowa, Illinois, Indiana,
and Ohio. In 1935 another widely-adapted, ‘US 13’ could be grown from Iowa to Tennessee and from
New Jersey to Colorado (Troyer, 2004b: 189).
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development of f1-hybrids in rice was finally made possible on a large scale by finding
the single plant specimen with the ‘genes’ to help in the process of inbreeding and
crossing plants whose flowers are so small (see below). The search for this single trait
was the goal of years of searching for a plant with these qualities by dozens of breeders
(Kingsbury, 2009: 254-55; Kuyek et al., 2000).112
The goal in all of these cases is to find the ideal individual organism and then to
create a ‘population’ by replicating or multiplying that single plant, as opposed to
multiplying varieties. Although this was attempted towards the end of the 19th century
in varieties such as ‘Red Fife’ wheat in North America or ‘Rimpau’s Early Hybrid’ in
Germany (cf. Chapter 3), all of this was an approximation based on selection. Now, by
isolating traits in a more discrete manner through inbreeding and crossing, breeders
could rely on the male-sterile trait or ‘gene’ in the creation of most f1-hybrids; on the
particular maize plant with genes resistant to the southern leaf blight that devastated a
major part of the US maize crop in 1970; on the rare maize that can be grown across the
entire corn belt, etc. Paradoxically, to create a ‘passepartout’ materiality, one-of-a-kind
traits were needed.
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And yet, where do these one-of-a-kind traits come from? Troyer’s study of the
f1-hybrids highlights a fact that is easily missed when the handful of unique seeds just
discussed became invisible in the typical nomenclature of the modern varieties of
classical genetics: ‘IR8’ (the name of the famous so-called ‘miracle rice’ variety
released by the International Rice Research Institute in 1966); or the famous maize
inbred lines ‘W255’, ‘H’, ‘J’, (Bonneuil and Thomas, 2007: 166); or the varieties
known as ‘ILL.12E’ and ‘F1B1-7-1’ (Troyer, 2004a: 373): It is the fact that the new
industrial seeds are inexorably tied to the materiality of peasant plants as an essential
112

Moreover, the trend in genetics breeding has been not only the protagonism of individual seeds, but
also of individual people. While I have never come across a peasant landrace variety that carries an
individual farmers’ name, this was already common with the intermediate 19th century varieties that
carried the names of the farmers that had bred them (Reid’s Yellow Dent; Leaming, etc.). The varieties
bred by scientists, on the other hand, do not carry their names, but usually some combination of letters
and numbers, but the famous ones are always associated with individual breeders: Shull and East and f1hybrids in maize; Norman Borlaug as a developer of the so-called ‘high-yielding’ semi-dwarf wheat
varieties (discussed below) or Yuan Longping who is credited with the more recent development of f1hybrids in rice.
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source of their ‘productivity’, i.e. the usefulness of the new materiality is still related to
peasant seeds. This is because peasant plants remain the source of all traits in the new
scientific-industrial varieties of classical genetics.113
When breeders are interested in incorporating a particular trait or characteristic
into a plant, the origin of this materiality continues to be the ‘diversity’ created through
peasant plant relations. As argued in Chapter 3, seed diversity as currently conceived of
in the literature is less an inherent quality of peasant plant materiality, but rather a
particular way of appreciating the ensemble of the locality of peasant landraces from a
‘bird’s-eye-view’, a perspective first created in the 16th-19th centuries though the ability
to access many peasant seeds at once in the context of European colonialism. Now, in
the context of scientific breeding, the importance of accessing this ‘diversity’ has not
diminished but rather acquires even more meaning. While colonial plantation
enterprises were built on any seeds that were obtained; survived the voyage; and were
gradually adapted to the plantations, 20th century genetic breeders had entire collections
of seed ‘diversity’ amassed over the centuries in which they found the ‘traits’ for the
new, ‘elite cultivars’. According to the head of a public maize breeding program in the
United States, accessing large collections of seeds for their individual ‘genes’ is in fact
“the

essential

element”

of

successful

breeding

programs

(2011,

personal
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communication).

As a historian noted in 1933, “species and varieties which in themselves have
little or no intrinsic value become of first importance if they possess certain desirable
characters which may be transmitted through breeding” (Ryerson, 1933: 123f.). This
underlines a change in how peasant seed ‘diversity’ is approached as compared to
previous centuries. Previously, the focus was on extraordinary individual specimens
within landraces. For example ‘Red Fife’ discussed in Chapter 3 is an example of a
remarkable plant found amidst a field of other good crops. Yet as Ryerson’s comment
now reveals, by the 1930s an otherwise unremarkable crop may be useful given a single
quality. As Ryerson goes on to note, “plant exploration is to a large extent becoming a
search for [individual] genes” (Ryerson, 1933: 123f.). This is reflected in a new form of
seed collecting through the modern ‘gene bank’, the first of which was the enormous
113

Below I will discuss some exceptions to this, such as when ‘traits’ occasionally come from noncultivated crops.
114
The “most successful [breeding programs] are those that never think they have enough [seeds in their
collections], but rigorously maintain and test the widest variety of seeds” (ibid.).
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collection of seeds gathered by Russian plant geneticist and botanist Nikolai Vavilov
(1887-1943). From 1916-1940 Vavilov carried out a number of plant-gathering
expeditions. His seed-gathering destinations included Iran, Ethiopia, South America,
northern Italy, and the far East, with the exception of India. He collected one quarter of
a million different plant samples on these trips, including thirty thousand different
varieties of wheat; ten thousand different varieties of maize; over twenty thousand
leguminous varieties and nearly eighteen thousand varieties of vegetables (Visvanathan,
1997: 51).
This was more than a bird’s-eye-view. It was the systematization of a material
landscape, a true geography of the diversity of agricultural plant materiality—for in
addition to collecting, and categorizing plants, one of Vavilov’s main achievements was
to have “noticed a pattern” (Fowler and Mooney, 1990: 31). The pattern was that the
diversity he found was unevenly distributed in particular regions across the earth that he
referred to as the ‘Origin and Geography of Cultivated Plants’, the title of the book he
published in 1926, theorizing the notion of seven (later eight) ‘centers of origin’ of
cultivated crops. Vavilov recognized that these ‘centers’ were in part a result of the
history of the crop in a given place (how long it had been cultivated in a particular area),
but also of a complex set of interrelations between the multidimensionality of culturalproductive practices among farmers; or of the intricacies of landscapes (the spatial
variation created by mountainous regions with many climatic niches close to one
another, for example). At a speech given at the 6th International Genetics Congress in
1932, Vavilov noted that “little Abyssinia [Ethiopia], has proven to contain more than
half of the varietal diversity of cultivated wheat found in the world” (Vavilov, 1932:
333).115 This geography showed the areas of the world in which 20th century breeders
could find the greatest ‘diversity’ of cultivated plants, leading to a renewed interest in a
number of countries of increasing support for seed-procurement expeditions from the
1920s onwards (Flitner, 2003: 176). In 1961, the US Department of Agriculture
(USDA) noted that this awareness “initiated a practice that was to become routine for
every crop—the search for plant genes in centers of high variability, often near the place
of origin of the crop”, with a “striking example” of the benefits of this method being the
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Despite his work in charting this diversity, however, Vavilov is rightly not ranked among the colonial
‘plant hunters’ of the kind mentioned earlier. He is rather notable for an appreciation for the connection
between peasant practices and peasant knowledge and the production of the peasant materiality that he
witnessed (Nabhan, 2009: 20; 37).
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ca. four thousand soybean varieties introduced by that country between 1900 and 1929
(USDA Yearbook of Agriculture, 1961: 25), rising to ten thousand varieties introduced
alone by USDA by 1947 (Weiss, 1949: 123).
The rationalized and spatiotemporally stable materiality reproduced through
classical genetics thus continued to rely on the historical materiality of plants as a
source of the traits that could be added discretely, provided that they could be identified.
In this process, however, an important paradox is created: On the one hand, new traits
or use-values for the standardized cultivars rely on the ‘diverse’ materiality reproduced
through the ensemble of peasant ecosystems and their multidimensional qualities. On
the other, the materiality of peasant plants that gave rise to those traits is no longer
reproduced, given the new standardized and stable materiality. According to a
contemporary plant scientist,
Almost all commercial agriculture now consists of vast tracts of
inbred monocultures in which all the plants are virtually identical
to one another in terms of their genetic endowment. […]. And
yet, variation is still the sine qua non for any successful breeding
programme […] This dichotomy, of both needing and abhorring
variation at the same time, is at the core of modern crop breeding
(Murphy, 2007b: 13ff, emphasis added).
Murphy’s statement underlines that the productivity of the new scientific-industrial
plant materiality is the result of the tension created through stretching the old materiality
of peasant plants in a non-identical manner. This is done by taking the material qualities
created through millennia of peasant reproduction of seeds at the scale of the
agroecosystem and abstracting largely from this entire process of re-production to
practically redefine the peasant plant as abstract character traits. This is what Mendel
did, and what all classical geneticists after him have done, identifying the one plant with
the correct ‘gene’ that solves the problem of susceptibility to a fungus or whatever other
qualities are of interest.
The old materiality is still used productively, but at the same time it is stretched
further than even in the late 19th century, when peasant landraces were removed from
the specificity of the agroecosystem in which they had been created, but continued to be
reproduced as entire landrace populations—even despite the tendency to abstract from
these by focusing on their single, ‘desirable qualities’. Now, it is no longer just a focus
but a strategy based on practically treating the plant as if it consisted of a set of discrete
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traits. The peasant plants matter not as organisms but as abstract qualities often referred
to as “exotic germplasm” for creating the new “elite cultivars” that plant breeders
produce. It is using a historical quality as a productive force, while stretching it further
in a non-identical sense.
Although the tension is a productive one (it works), it is also a disruptive or
destructive one, because the old materiality is overstretched, i.e., it is used to create the
very ‘opposite’ materiality to that created and reproduced historically by peasant plant
materiality/landraces. Thus, beyond ‘abhorring’ diversity in the sense that variation is
not desired, it is in fact a tendency towards its undoing. The breeding practices of
classical genetics put historical plant materiality as if through a trough: First, in the
interest of spatiotemporal stability, the peasant agroecosystem as a source of material
multidimensionality in time and space was standardized and abstracted from, as
discussed above. Moreover, through inbreeding, the seeds are already restricted to
‘recycling’ the materiality of the original parent seed, something that is not changed
substantially by crossing in, piecemeal fashion, a handful of other traits (often the same
ones from one industrial variety to another). But perhaps the most critical or radical
narrowing point of the trough occurs when the seeds are multiplied anew at each cycle
by breeders and purchased by farmers, without allowing for the seeds to adapt and
evolve in time and space to the conditions of the field. This means that the new plants
are reproduced in a timeless and featureless place such that “where the seed was
developed and produced no longer greatly mattered” (Troyer, 2004a: 370).
All of these tendencies need not have negatively affected the materiality of
peasant seeds if the peasant seed materiality had continued to be reproduced. But the
transformation of the materiality of plants through genetics was part of a larger process
involving many actors and institutions that sought to transform agricultural production
as a whole, as described at the end of Chapter 3. The new standardized plants were not
bred for a peasant agroecosystem, i.e., as a peasant way of producing, but to overcome
its constraints from the point of view of a new industrial transformation of agriculture.
In Europe, in particular, the material transformation to a new way of breeding plants
through genetics was accompanied or even preceded by laws that banned peasant seeds
from the market on the grounds that these were not ‘pure’; that they could propagate
disease; and that instability was an undesirable quality. For example, by 1937 in fascist
Germany, 438 out of 454 popular landraces of wheat were no longer allowed on the
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market (Flitner, 2003: 177). And even decades earlier, similar laws had existed in
countries with strong seed businesses like France (cf. Kastler, 2005; Flitner, 2003).116
Moreover, in the global South, a strong process of ‘global depeasantization’ (cf. Araghi,
1995) contributed to a loss of the many local landraces that characterized peasant plant
materiality.
As reported in 1997 when the first State of the World’s Resources for Food and
Agriculture was published by the UN Food and Agriculture Organization (FAO), “the
replacement of local varieties or landraces by improved and/or exotic varieties and
species is reported to be the major cause of genetic erosion around the world. It is also
the major cause of genetic erosion in all regions except Africa”—the continent that was
the least penetrated by industrial agriculture and industrial seeds (FAO, 1997: 34). The
report goes on to give many concrete numbers including the fact that only 20% of maize
varieties that existed in Mexico in the 1930s were still known in 1997 (ibid., 35); that
out of 10.000 wheat varieties produced in China in 1949 only 1,000 remained in use by
1970 (ibid., 34). In the United States “of the 7,098 apple varieties documented as having
been in use between 1804 and 1904, approximately 86% have been lost. Similarly, 95%
of the cabbage, 91% of the field [landrace] maize, 94% of the pea and 81% of the
tomato varieties apparently no longer exist” (ibid., 34; cf. also Fowler and Mooney,
1990).

Bypassing the Historical Materiality of Crops?
The tension between “both needing and abhorring variation at the same time”
has sometimes been resolved by looking elsewhere for sources of the discrete traits to
be crossed into elite cultivars. A common strategy has been to carry out what are known
as ‘wide crosses’ (or ‘wide hybridizations’) between a crop and a wild plant whose
particular genes/traits are of interest or between crops of two different species. Often,
the goal of these crosses is to transfer resistance to a particular disease, as breeding
116

The material stabilization of seeds achieved through classical genetics as an ideal of industrial
agriculture was later institutionalized internationally through a series of standards that could only be
obtained by industrial varieties. These ought to be Distinct (clearly distinguishable from another variety
already on the market), Uniform (that all the seeds of one variety are the same in shape, size, color and
other characteristics), and Stable (that the variety does not change from one lot to the next). Later, the
same criteria became the basis of the 1961 intellectual property agreement known as UPOV (International
Union for the Protection of New Plant Varieties) (cf. UPOV, 1991: Articles 7-9). Today UPOV governs
intellectual property over industrial seeds in 70 countries.
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textbooks explain, creating new varieties that have received traits/genes of resistance to
certain viruses, fungi, insect predators, etc. (cf. Simmonds, 1979: 35; Murphy, 2007b:
35f.).
Yet, a more radical stretch away from dependence on the materiality of peasant
crops is to ‘induce’ new variation by ‘supplementary techniques’ that deviate wholly
from crossing and inbreeding. As early as the late 1920s, barley, maize and tobacco
were induced to mutate via exposure to x-rays and mutation-causing chemicals (first
practiced in the late 1920s); as well as later to γ-rays (since the late 1940s). In the
following decades the ability to produce variation through mutations became an
increasingly common (re)productive force to breeders, leading to a collaboration
between the UN Food and Agriculture Organization (FAO) and the International
Atomic Energy Authority. Chemicals and radioactivity, in particular γ-rays, have been
responsible for 3200 registered varieties of 224 different crops, including popular and
widespread varieties of rice, pears, grapefruit, papaya, cotton, peppermint, sunflower,
peanuts, cassava and barley for malt (IAEA, 2012; Broad, 2007). As breeders make
clear, the purpose of these crosses is not to produce new variation per se. In keeping
with the approach of adding discrete material qualities, the goal is “to obtain a plant that
is virtually identical to the original crop cultivar, except for a few genes contributed by
the distant relative [i.e., the wild species]” or via mutation (Murphy 2007b:33).117
At the same time, moving away from the materiality of peasant plants not only
has advantages in terms of a source of ‘variation’ but a number of major disadvantages
from the point of view of the breeding process itself. This is because the plants were not
only a source of use-value traits, but also a productive-transformative force for the
breeding process itself. As discussed earlier, in inbreeding and crossing, breeders rely
on fertilization, a living material quality of the living plants, ‘stretching’ it tangentially
to the way that these processes have unfolded historically. But by relying on mutations
or induced fertilization, the historical process of reproduction in plants is bypassed. For
117

In practice, this means many generations of crossing back out the undesired qualities of the other
plant, entailing the manipulation of a great number of plants in order to arrive at the final ‘elite cultivar’.
This is especially the case with irradiation, as it brings about unexpected changes to the plant as a whole,
including disruptions in living processes, the production of toxic substances, etc. Breeders may therefore
begin with as many as 100,000 seeds that were exposed to the mutating agent. The second generation of
plants may contain one third as many plants, due to the fact that in the majority of cases, the mutation
agent was lethal to the seed. The numbers of plants that must be grown out and screened to achieve the
transfer of the single trait of interest ‘back’ to an elite cultivar through crosses still ranges between
10,000-15,000 plants (Murphy, 2007b: 30).
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example, although crosses with wild plants are sometimes achieved (the cell of one crop
species is fertilized by the pollen of wild species) the fertilized cell or zygote almost
always fails to develop further into a multi-celled embryo. As a result, these new plants
must usually be coaxed to grow through a method known as tissue culture: In this
method, the first few fertilized cells (in the case of wide crosses) or plant of tissues (in
mutations) must be ‘regenerated’ in the lab in a medium of plant nutrients and growth
hormones.
This process is much more laborious than relying on the probed and tested
method, several hundred million years old, of plant fertilization. Yet despite the sense of
being something ‘unnatural’, tissue culture instead relies on other (re)productive
forces—that is, on other living processes of the plants,—in this case on their capacity to
regenerate asexually when aided by certain plant hormones. This capacity to regenerate
asexually has similarities with bypassing the seed form through vegetative methods
such as reproducing potatoes via tubers, as discussed in Chapter 3. In tissue culture,
however, because they have bypassed the seed form, the plants are grown out from cells
of a single ‘parent’ tissue and are thus identical to, or ‘clones’ of the parent. It goes
against the material history of how plants have reproduced, but it is largely based on the
power of living processes shaped in new material constellations. In other cases, the
process of regenerating the plant cannot as easily rely on the more accessible living
processes of the plant to be used as a productive-transformative force in the process of
breeding. For example, in ‘wide crosses’ between a wild plant and a crop, a common
procedure is to treat the plants with chemicals such as colchicine, resulting in a mutation
that doubles the number of chromosomes in the cell nucleus, enabling the otherwise
sterile plants to reproduce in the following generation (Murphy, 2007b: 39f.).
Here, productive and destructive processes are again very close to one another.
On the dimension of reproduction, replacing of the living processes of the plants with
other transformative forces (x-rays, chemicals) jars against the historical materiality of
the plant and results in a process that is destructive to it: In the majority of cases,
mutations through chemicals and radioactive agents, and also regenerating a plant via
tissue culture, will lead to a large number of the plants showing “abnormalities”; the
result of “drastic genetic change[s]” during the tissue-culturing process and the “stress”
that this creates for the plant cells (Murphy, 2007b: 31). This often leads to further
“mutations, deletions or transpositions of larger stretches of DNA, including

195

chromosome segments, and even the duplication or loss of entire chromosomes”
(ibid.).118
On the dimension of production, these types of transformations have resulted in
use-values that were impossible to attain before by relying only on the plants’ own
reproductive processes as productive forces in the breeding process. A good example of
this is trees: While the time span between when a seed like maize is sown and when it
will itself produce another seed may be as short as a few months, in the case of a tree, it
may be as long as many years or even decades. Thus, relying on the seed form to
reproduce a tree via crossing and selecting over many tree generations may not be
attainable during a breeders’ lifetime. Through tissue culture, by contrast, if a tree with
suitable characteristics is identified, the tissues of the tree can be cloned to form new
seedlings, reproducing identical versions of the trees. According to the US Yearbook of
Agriculture in the late 1960s, “tree breeders have created pine trees in which test stands
produce twice the normal volume by crossing wild trees carefully selected for a dozen
or more traits” (US Yearbook of Agriculture, 1968: 50). On the other hand, his is the
realization of Kölreuter’s 18th century dream of a fast-growing tree achieved through
cross-breeding. On the other hand, Kölreuter’s contemporaries of Prussian scientific
forestry would not have imagined that a Normalbaum of such extreme homogeneity
would have been possible as has been attained via tissue culture cloning.
If trees can be reproduced this way as identical clones—i.e., a seemingly perfect
solution to the goal of stabilizing the spatiotemporal coordinates of a plant—one could
ask, why not also use this as a standard way of reproducing crops, given that
spatiotemporally stable plant varieties are frequently recognized as “the pot of gold at
the end of the breeder’s rainbow” (Bogue, 1983: 13f.)? I would argue that the
significant reason why seeds are not frequently bypassed is related to the continued
importance of the seed form, despite the fact that it is no longer the point of intervention
in the manipulation of the plant. Despite the fact that seeds are no longer at the center of
a reproductive strategy; and despite the fact that asexual reproduction and its advantages
are greatly expanded by techniques such as tissue culture, the seed form continues to be
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In this quote, Murphy uses some terminology from molecular genetics such as ‘DNA’ to describe how
plant cells are transformed via mutations. This terminology and understanding is not relevant to the
practice of breeding through classical genetics as discussed in this chapter, but it will be important in the
following chapter as it reflects a new practical understanding of the materiality of plants.
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the primary form through which the new materiality of the plant is re-inserted into
societal relations through farming.
Breeders are in the business of reproducing standardized materialities, but they
are also in the business of making them available in a spatiotemporal form that is
compatible with the rest of farming. The chromosome-doubling procedures just
described are therefore carried out to ensure the fertility of the plants via the seed form.
As I show in the next chapter, despite transformations that are sometimes many steps
removed from the seed form, it has so far always been necessary to come back to it.
This is a way of reinserting the new materiality into the production relations of farming,
since in the vast majority of cases all food production still begins with a seed, rather
than a tissue cultured in the lab. Nevertheless, if any single quality characterizes the
human reproduction of plants, regardless of the approach, it has been the permanent
tension between working with nature for its productive-transformative advantages and
stretching it in a non-identical direction. An example that has tried to combine both the
seed form and the spatiotemporal stabilization of clonally-propagated plants is known as
‘apomixis’, entailing the asexual reproduction of seeds, described as “one of the most
cherished dreams of plant breeders” (GRAIN, 2001).119
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In this final part of the chapter I consider how f1-hybrids were inserted into
production processes as part of Fordist production relations. As in Chapter 3, to
contextualize production relations for this period, I rely on characterizations by
Regulation and Food Regime scholars120 some of whom have explicitly brought hybrid
119

Apomixis is a process in which seeds are produced, but not sexually, i.e., the plants produce identical
seeds without fertilization. Apomixis is common in weedy wild plants but very rare in crops (Kuyek et
al., 2000: 2). Perhaps early peasant farmers did not domesticate seeds from these crops due to the lack of
adaptability that it would have offered in a peasant context in which the productivity of farming relied
largely on moving the plant from one location to another in order to recreate new spatiotemporal patterns
of that materiality.
120
The Regulation approach was introduced in greater detail in Chapter 1. Much of the work within the
Regulation School focuses on analyzing the ‘Atlantic Fordist’ mode of regulation and accumulation
regime, a period seen as characterized by coherence among economic, political and social institutions
lasting ca. 30 years following World War II in the capitalist core economies of Western Europe and the
crisis of 1930 in the United States. Atlantic Fordism was characterized by a Taylorist organization of
mass production and a real rise in wages accompanying a rise in productivity due to the fact that a part of
profits were re-distributed to workers. By contrast with the earlier ‘extensive’ phase in which capitalist
growth was maintained through expansion to new industries, Fordism is considered an ‘intensive’ capital
accumulation regime that emphasized accumulation via improved productivity.
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maize in connection with the period. According to Brand, for example, hybrid “maize
can be considered as important to agriculture as the automobile to industrial Fordist
production” (Brand, 2000: 179ff.). Largely following Kloppenburg’s work, hybrid
maize is seen as having provided a cheap food staple that lowered the cost of foods for
workers, including the price of meat (maize as forage for animals); it has been seen as
an example of how Fordist rationalization processes—breeding, machinery,
agrichemicals—were applied to agriculture; how seeds themselves were valorized; and
how the plants were also used as a medium for the valorization of other agricultural
inputs (cf. Allaire, 1996; Kenney et al., 1989: 139; Wullweber, 2004: 64ff.).
By describing regularities in the production process, Regulation can be useful
for contextualizing how the material transformation of plants analyzed in the
dissertation was inserted in and also shaped production relations in a particular period.
However, I discussed in Chapter 3, most of this scholarship does not illuminate
production as a transformative process but has tended to emphasize valorization. For
this reason, I have instead largely relied on a related scholarly approach, Food Regimes
Analysis.121 Although Food Regimes does not focus per se on how agricultural plants
were transformed, its account of the Fordist period indirectly sheds light on the
materiality of foods by observing that they are transformed from whole foods to inputs
qua inputs. From the perspective of the dissertation, this leads to the question of the
non-identical dimension of these foods: How was the materiality of the plant
reproduced in order to be able to produce inputs? In the following, I consider this
question using f1-hybrids to underline the importance of plant materiality in the
transformation of the cultivation process, but also in the industrial processing of both
foods and non-foods in that period. In both cases I show that the plants cannot be seen
as an inert ‘raw material’ to be transformed by the production process, but that their
new materiality as described in this chapter—especially their homogeneity and their
abundance—was itself essential for these production processes. I begin by looking at
two specific issues related to production with maize hybrids: The materiality of f1hybrids in the context of creating a market for seeds; and how yield or, the ‘quality of
quantity’ is a unique plant ‘trait’ that was produced (rather than reproduced).

121

The Food Regimes approach was described in greater detail in Chapter 3.
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Seed Commodities and the ‘Quality of Quantity’
One of the central arguments in previous studies of f1-hybrids, especially in the
social sciences, has been to emphasize the importance of the hybrid technique in
making seeds into viable commodities. The argument about why f1-hybrids facilitated
the commodification of seeds was first discussed in an essay by Berlan and Lewontin in
1986 and since Kloppenburg’s 1988 detailed study of hybrids has become accepted by
other scholars as a well-known explanation of how seeds became valorized as
commodities (e.g., Goodman, 2001; Boyd et al., 2001; Brand 2000: Chapter 5). The
argument, which has become an almost ‘classic’ explanation of what f1-hybrids were
‘all about’, it is at the same time unusual in the sense that it is one of the few analyses of
its kind that explicitly draws a connection between the materiality of the plants and the
valorization process. The argument is that the widespread use of f1-hybrids was not
primarily related to advantages for farmers such as high yields, but to what I referred to
earlier in the chapter as the ‘fragility’ of hybrids. As discussed earlier, this ‘fragility’ is
related to the fact that the qualities of the first generation of hybrids are lost if farmers
re-sow the hybrids for the following cycle of cultivation. This created a commodity by
forcing farmers to purchase new seeds every year. The hybrid breeding technique had
therefore removed a “biological barrier” that prevented “penetration of corn breeding by
private enterprise,” decoupling seed-as-grain from the seeds as a means of production
(Kloppenburg, 1988:108; cf. also Berlan and Lewontin, 1986).
As noted at the end of Chapter 3, breeders who had crossed and selected cereals
for certain traits were already commercializing seeds such as wheat and rye in the late
19th and early 20th centuries. But in their endeavor, they had been aided by certification
schemes or marketing regulations that outlawed the use of peasant varieties, especially
in Europe (cf. also Filtner, 1995).122 In the United States in the 1910s, East himself was
clear about the fact that f1-hybrids were advantageous to breeders, even comparing the
f1-hybrid technique to a patent:
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Despite the fact that private breeders of fruits and cereals in the United States had called for a plant
patent system since the mid 1880s (Kloppenburg, 1988: 132), it was only in 1930 that the Plant Patent
Act established an intellectual property scheme for plants, but only for vegetatively-propagated ones,
including fruit trees, ornamental plants, with the exception of tubers such as potatoes (Fowler, 2000).
Sexually-reproducing species were only included under the Plant Variety Protection Act of 1970 (cf.
Kloppenburg, 1988: chapter 6).
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[…] it is the first time in agricultural history that a seedsman is
enabled to gain the full benefit from a desirable origination of his
own or something he has purchased. The man who originates
devices to open our boxes of shoe polish or to autograph our
camera negatives, is able to patent his product and gain the full
reward for his inventiveness. The man who originates a new
plant which may be of incalculable benefit to the whole country
gets nothing—not even fame—for his pains, as the plants can be
propagated by anyone. There is correspondingly less incentive
for the production of improved types. The utilization of first
generation hybrids enables the originator to keep the parental
types and give out only the crossed seeds, which are less
valuable for continued propagation (East and Jones, 1919: 224).
Most breeders recognize the proprietary advantages of f1-hybrids, even if they also
argue that their breeding work justifies this. Echoing Edward East, they comment
openly on the fact that guaranteeing monopolistic property rights over the seeds is
generally decisive to the type of breeding techniques they use (cf. Murphy, 2007b: 162).
They have also noted that f1-hybrids therefore offer advantages to commercial seed
breeders by discouraging farm-saved seed, a decisive factor in investing in research in
maize rather than wheat, a crop for which f1-hybrids have not been developed
commercially (cf. Koebner, 2003: 13f.).123 In what follows, I will show that, although
the commodification of seeds is important, it is perhaps only the ‘tip of the iceberg’ in
assessing plant transformation in the context of Fordist production processes more
generally, for which the material stability of the f1-hybrid plants is more significant
than the instability or fragility that helped to open a market for seeds.
A first example of the importance of stability in the context of production is the
quantity of grain produced, also known as plant ‘yield’, expressed as volume or mass of
grain per area farmed. Yield is an important quality of production especially as grains
become the inputs recognized by Food Regime theorists (see below), and is a quality
that is widely accepted as characteristic of hybrids. There are many figures that have
documented an increase in maize output in the United States since the introduction of
commercial f1-hybrids and their widespread use from the mid-1930s onwards. Briefly,
123

Koebner, a contemporary maize breeder is straightforward about the ‘proprietary’ advantages of maize
of wheat: “…most varieties are bred and grown as inbred, pure breeding lines, and although the breeder is
afforded some protection by Plant Breeders’ Rights [intellectual property rights, different from the patent
system] this neither prevents the widespread use of farm-saved seed, nor the incorporation of successful
releases [of varieties] into a competitor’s breeding programme [since Breeders’ Rights, unlike patents, are
generally less restrictive of the use of the protected plant material for further research]. As a result,
although the volume of seed sale may be comparable with that of maize, the value of the wheat seed
market is much smaller, and thus the economic margin for the breeder is far less” (Koebner, 2003: 14).
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they include a quick rise in yield per harvested acre, from ca. 20 bushels/acre in 1930, to
ca. 50 bushels in 1960 and over 90 bushels in 1980. Although the area harvested
dropped by ca. 25 million acres between 1930 and 1970, the production output went
from 1.7 billion to 4.1 billion bushels per year in that same period (Kloppenburg, 2004:
120). Currently, production output totals over 140 bushels per acre, and 11 billion
bushels/annum, while acreage was reduced by 20% compared to the area prior to
hybridization (USDA, 2011; Troyer, 2004: 378f).
‘Unpacking’ the issue of yield is tricky due to the fact that both breeders and
non-plant specialists, supporters and critics of hybrids alike have made the issue of yield
a centerpiece of the debates regarding the breeding technique, implying that yields are a
quality of the f1-hybrids themselves and comparing it to the yields of other major
commodity crops not reproduced as hybrids (Berlan and Lewontin, 1986: 38); or by
asking whether the same high yields could have been achieved through other
reproduction methods that might have been less costly and difficult than carrying out
the thousands of crosses necessary to find the rare ones resulting in the ‘heterosis’ or
hybrid vigor effect discussed earlier (Simmonds, 1979: 153). In these accounts, yield is
seen as the material quality of the plants, a trait that was ‘bred into’ them alongside
other qualities such as a sturdy stem, starchy kernels, etc. However, by looking more
closely at the material ‘quality of quantity’, it seems more accurate to situate yield as a
way of producing with the new plant materiality, rather than as a living process
reproduced by the plant.
Increasing the amount of grain mass was a result of the spatiotemporal
stabilization of the plant that allowed production to increase in two senses. First,
spatiotemporal stability allowed for an increase in plant mass output as a result of how
the very similar plants could relate to one another as they grew. In a field of ‘openpollinated’ maize (such as a landrace that has not been inbred or crossed), there is some
limit to the density at which seeds can be sown without the plants being greatly
‘stressed’, dying, or producing a high percentage of ‘barren’ cobs. As a maize breeder
explained, this is related to the fact that when the plants are more variable, as in a
landrace variety, there will be a great degree of ‘competition’ among the plants for
sunlight, nutrients, etc. In other words, in a field of landrace varieties of maize the
plants cannot thrive if grown too spatially densely, limiting the amount of plants that
can be grown in a given area (2011, personal information). However, the material

201

homogeneity of the f1-hybrids has the effect of stabilizing the plant’s living processes
in relation to one another: Given the fact that a field of f1-hybrids tends to germinate
and grow in temporal synchrony, have similar requirements in terms of nutrients and the
transformation of energy into carbon, etc., the plants can be grown at very high
densities. Obtaining a higher output of grain/hectare is therefore not a material quality
of the plants themselves but a result of the spatiotemporal relationship of the plants to
one another in the field, allowing breeders to treat a large population as if they were
only growing a single plant individual. As expressed succinctly by a French breeder in
1961: “The advantage of the stable crop variety is the possibility of theoretically fixing,
once and for all, its interaction with the environment and cultivation techniques and
therefore, to obtain the maximum yield” (Jonard, 1961, cited in Bonneuil and Thomas,
2007: 161). The spatiotemporal uniformity of f1-hybrids at the scale of the individual
plants allowed for a transformation of spatial relations at the scale of the field.
This is reflected in the United States ‘corn belt’, where planting densities of f1hybrid maize went from 12,000-16,000 seeds per acre in the early 1960s, to 30,000 in
the next decade, with current planting densities allowing ca. 30,000-40,000 seeds per
acre (Hicks and Thomison, 2004: 518; Murphy, cited in Kingsbury, 2009: 243).124
Donald Duvick, who was one of the most successful breeders of f1-hybrid maize for the
transnational maize seed company, Pioneer (today DuPont), has in fact estimated that in
hybrid maize, “maximum yield per plant did not increase significantly over the years”
as measured on plants grown at an extremely low and nearly stress-free density of
10,000 plants (Duvick, 2004: 69). He goes on to affirm that “improvements in stress
tolerance [i.e., plants that tolerated crowded conditions given their close material
identity with one another] indeed may be the primary reason for the constant upward
trend in yield potential: Improved stress tolerance allows corn hybrids to make constant
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In the case of the nearly identical inbred lines used for seed production, planting densities of up to
60,000 kernels per acre have been used (cf. Flint, 2009: 3) clearly showing how yield as the quality or
volume per area is directly related to material stabilization of the plans through inbreeding. As
Kloppenburg notes, an increase in seeding density, which he calculates to have doubled between 1950
and 1980, also increased seed sales by 60%, as farmers could sow more seeds per land area than before
(1988: 118). Compare these numbers to a mid-to-late 19th century account of maize growers in the state
of Ohio. According to the Ohio Farmer in 1868, “On the question of ‘how far should we plant our corn
apart’ much was said variously proposing to plant from three feet square with 2 stalks to the hill, to four
feet square with 4 stalks to the hill. The objections to close planting being the greater amount of work it
required in planting, tending, etc., and liability to scald or burn in warm showery weather, particularly in
low land”.

202

amounts of grain per plant an ever-increasing plant densities, thus producing higher
yields per unit area” (Duvick, 2004: 94, emphasis added; also cf. Duvick, 1999: 2).
Beyond maize, among other crops standardized by classical genetics breeding,
‘yield’ should also be seen as the possibility of transforming the production process as a
result of the material recalibration of the plant in time and space. An example is the
spatiotemporal reconfiguration of the plants like rice and wheat by shortening the length
of their stems. Known as ‘dwarf’ or ‘semi-dwarf’ plants, they are one of the prime
examples of what proponents of the Green Revolution have referred to as ‘high-yielding
varieties.’
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Until ca. 100 years ago, landrace varieties of temperate climate cereals

(wheat, rye, barley) but also tropical rice varieties were all tall plants. In wild and
peasant plants, height is an important quality for resisting pests because the grains are at
a greater distance from the ground than the majority of weeds that compete with them.
However, shorter stems were necessary for the plants to tolerate higher doses of
synthetic nitrogen fertilizers and water without the unwanted effect of plant ‘lodging’ or
falling over as the added nutrients were converted into overall plant height (Rasmussen,
1972: 344; Welsh, 1981: 135). The reduction in length was significant, with farmers’
wheat varieties shortened from ca. 120-140 cm in height to only 60 cm (Kingsbury,
2009: 277), cf. Figure 4.3 below. The new varieties ‘converted’ the increase in nitrogen
into a higher amount of grain as a result of their spatiotemporal reconfiguration,
underlining that producing was not something simply done ‘with’ the plants as an inert
material, but had been closely linked to how the plants’ reproduction was reconfigured
according to new material patterns.
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While the breeding of wheat for short stems was largely carried out in Mexico in the 1950s and is
associated with the name of Norman Borlaug, the breeding for short stems in rice took place in the early
1960s at the International Rice Research Institute in the Philippines. Both types of plants are considered
quintessential examples of the high-yielding crops associated with the Green Revolution.
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Figure 4.3: ‘Dwarfed’ Varieties of Cereals: Another form of Spatiotemporal Regularization
The two images show the contrast between tall and short-stemmed varieties of grains. On the left plate is
an image of Ferdinand von Lochow around the turn of the 20th century next to a rye variety he selected,
known as ‘Petkusser Roggen’. The right-hand plate shows Norman Borlaug showing his short-stemmed
‘semi-dwarf’ varieties of wheat to Mexican president Cárdenas and US agricultural minister, Henry
Wallace in 1944. Prior to dwarfing, the wheat varieties would have been about as tall as those of rye
shown in the first plate. The spatiotemporal reconfiguration of the dwarfed varieties became one of the
quintessential Green Revolution techniques for reproducing plants, allowing them to use increasing
amounts of nitrogen fertilizer to increase grain, rather than stem mass.
Image sources: Dade, 1913: 287; http://www.achievement.org/autodoc/photocredit/achievers/bor0-031

This spatial reconfiguration was pursued successfully in wheat and rice in
particular, but the same principle has also been used to transform other plants. For
example in tomatoes, a dwarfing of the plants resulted in “a three-fold increase in yield
when fertilizer was applied because the nutrients were used for fruit development and
not for unrestricted plant growth” (Litzow and Ozbun, 1979: 350).126 Rather than a
‘trait’, i.e., a living process of the plant, yield or producing greater amounts of grains
should be considered the result of stabilizing the living processes of the organism in
space and time. This can permit abstracting from either the unwanted parts of the
tomato or in the case of field crops, to abstract from the other plants in the field. As a
result, production can be increased as in other, non-living, economies of scale.
According to an Indian breeding textbook description, the plant can now be treated like
a “‘machine’; fertilizers and water like the fuel; [and] herbicides…[as] accelerators, to
increase output” (Ram, 1980, cited in Shiva 1991: 67).
Another reason to insist on yield as a productive rather than a reproductive
dimension is, i.e., as a material quality of the plants themselves that what actually
‘counts’ as production—i.e., the use-value— is defined through societal relations.
126

Plant ‘repartitioning’ (cf. Chapter 3) to allow for more use of nitrogen is reflected in the increasing
amounts of nitrogen fertilizer used. In the United States fertilizer has increased from 58 pounds per acre
in 1964 to 140 pounds per acre in 2010, or eleven billion pounds of nitrogen per year (USDA, 2011b).
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According to Monkonbu Swaminathan, the public figure most closely associated with
Green Revolution policies in India, “the high-yielding strain may partition [1000 Kg of
dry matter] into 500 Kg grain and 500 Kg for straw. The tall variety… may divert 300
Kg for grain and 700 Kg for straw”, therefore considering that short stems are,
universally, “more favourable to man” (Swaminathan, 1983: 113). Short rather than
long stems in plants like wheat and rice are useful in a context in which high yields are
beneficial as a primary material for industrial processing, as I describe below. However,
short stems and therefore higher volumes of grain per area cannot be considered a
productive quality in a context in which most Indian farmers, women and men, continue
to be peasants. Swaminathan’s statement is made on the assumption that the straw
previously used by farmers for animal fodder, for fertilizing the soil or for other needs
such as house roofing will be substituted by other ‘inputs’ to farming no longer
produced on the farm. As an agroecologist explained, in peasant agriculture, “cattle, a
source of fertilizer and traction power, were fed with the straw from the longer grain
varieties. Getting rid of straw often meant getting rid of cattle and its presumed
replacement with synthetic fertilizers and mechanized traction. This situation has not
led to greater well-being [for peasant farmers]” (2011, personal communication).
Thus, whether an Indian family would now have cash from the extra grain
output to purchase all of these inputs, or whether these higher yields can somehow be
translated into more food is an important question. It cannot be assumed that higher
yields are essentially positive, but like any kind of productivity must be considered in a
context of assessing whether it is a productive or a disruptive force. While in peasant
agriculture, feed for cattle and food for people are often grown on the same land, the
specialization in production associated with the rationalization of agriculture has also
led to a specialization in terms of crops that are for food, and those that are for feed.
Although the idea of high yields remains enmeshed in the ideologically-charged notion
that higher yields translate into more food for people, today, 40 percent of the world’s
harvests of wheat, rye, oats and maize (800 million tons) are for animal feed (cf.
Börnecke, 2013: 39), amounting to one third of the 14 million total hectares of land that
are currently under cultivation. When one adds to this the 250 million tons of oilseed
mixes for feed (especially soy), the UNESCO Agrarian Assessment Report calculates
that including feed and the land used for grazing and maintenance of cattle, a full 70%
of the world’s agricultural land is for animal agriculture (cited in ibid.). But because
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consumption of meat is concentrated in the global North (with Swaminathan’s country,
India, having one of the lowest per capita consumption of meat worldwide (cf. Kriener,
2013)), it is even more doubtful that the increase in yield to the cost of straw can truly
be seen as ‘more beneficial to (hu)man(s)’, as Swaminathan claims.127 This perspective
also underlines that ‘yield’ cannot be assumed to be a reproductive capacity of plants,
but is better analyzed as one among many possible ways of producing.

Production and Spatiotemporal Standardization
Another outstanding example of the productive significance of the
spatiotemporal stabilization of maize for industrial production is the use of machinery in
maize harvesting. Machinery is a key aspect of the industrialization of maize production
that only became possible through a spatial reconfiguration of the maize plant that made
it more uniform. Among crops such as wheat or rice, harvesting technology goes back
to the 19th century. As far back as the 1850s in California, the relative evenness of the
wheat landraces and the “large fields, located on flat, featureless plains, were
wonderfully amenable to mechanization” (Fitzgerald, 2003: 16). However, before the
widespread use of f1-hybrids nearly a century later, maize was not among the crops that
could be productively harvested mechanically because the plant was too heterogeneous.
Although some machinery was in use, it was generally deemed inefficient (Bogue,
1983: 17ff.).
For example, before hybrids, the landrace varieties of maize cobs grew at
different places along the stalk. The plants were of various sizes and produced variable
numbers of ears, maturing at different rates. Variation in these qualities had been
advantageous in a peasant context in which it is favorable to have food throughout the
season. But in a context of industrializing agriculture, these qualities rendered
mechanized harvesting very difficult, with many plants being missed by the machinery,
or harvested either too early or too late. As US Secretary of Agriculture and maize
expert Henry Wallace noted in 1923, “Reid Yellow Dent [the popular 19th century
variety discussed earlier which was still widely grown into the first three decades of the
127

More recently, calls for higher yields must be critically separated not only from grain produced for
meat but also from grains produced for agrofuels. In the United States, the largest grain exporter, one
third of grain is currently used for agrofuels, and in the European Union, 80 percent of oilseeds are used
for the same purpose (GRAIN, 2013).
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20th century] and varieties of corn similarly bred are responsible for a large part of the
difficulty with corn-picking machines. Reid Yellow Dent is an ideal variety for hand
huskers as it carries a large ear on a small shank and breaks off easily. It is just about
the worst possible variety for machine husking” (Wallace and Bressman, 1923: 18).
Moreover, peasant maize often produced many ‘tillers’, or offshoots that branch off the
main stem. For peasant farmers this has usually been an indicator of healthy soil
(Nielsen, 2003), but for industrial farming, the tillers blocked the harvesting machines
from moving easily through the fields.
In the 1920s, before the commercial availability of maize ‘hybrids’, Wallace had
also noted that “there is a real opportunity for a corn breeder to develop a high-yielding
strain of corn especially adapted to machine husking… [whose] ears should be rather
hard shelling, which probably means that the kernels would be rather shallow and
smooth. It may be well to have the ears carried lower on the stalk with machine husking
than with hand husking” (1923: 15f.). When they appeared in the early 1930s, f1hybrids provided two key features that made the mechanical harvesting of maize much
more efficient and therefore possible on a large scale. According to a hybrid maize
breeder, the spatiotemporal stabilization through inbreeding that created very uniform
plants of similar size and shape made this possible. The plants could be bred for a
standard number of ears at a consistent height and position. The plants also germinated
and developed in temporal synchrony with one another and ripened simultaneously.
They made it possible for harvesting to take place all at once without some of the early
maturing cobs, becoming brittle and falling off the plant (2011, personal information;
cf. also Bogue, 1983: 19). In Iowa, a major maize producing state, the proportion of
mechanically harvested maize rose from a mere 15% in 1935 (around the time that f1hybrids took off in that state) to 75% in 1945 (Kingsbury, 2009: 242).
The goal of increasing mechanization encouraged greater spatiotemporal
stabilization, via f1-hybrids, of crops like maize that were spatiotemporally
heterogeneous and therefore difficult for harvesting machines to handle. As a vegetable
breeder noted in the late 1960s, “[t]he chief problem with [machine harvesting of]
carrots is to produce a crop of roots of uniform size. Consequently, there is much
emphasis on the breeding of hybrid carrots in order to obtain uniform size” (Lorenz,
1969: 238). In other cases, however, the standardization achieved through inbreeding to
create the hybrids did not result in a sufficient spatiotemporal homogenization of the

207

plants. For example, although f1-hybrids in tomatoes had existed since the 1940s,
machine harvesting was still a challenge, given the outward spatial patterns that tend to
be much more variable than in field crops like maize. Many years of breeding had gone
into even greater stabilization of the outward shape of tomatoes: According to Wayne
Rasmussen, a historian at the US Department of Agriculture,
At first sight, the invention of a mechanical tomato harvester
might seem simple; at a second glace, impossible. Tomatoes
grow on low vines…The yield of fruit per acre is large, and the
vines can be grown in rows with space for machine operations
between them. On the other hand, the fruit is usually thinskinned and bruises easily. The vines tend to flower and set fruit
over a period of weeks, which means that the fruit normally
ripens in the same way. The usual method of hand picking is to
go over the field three or four times at intervals of one or two
weeks, picking the ripe and near-ripe tomatoes (Rasmussen,
1972: 257).
The answer to such problems for the $60 million tomato industry of California was an
engineering feat that took 20 years to redesign not only a tomato picking machine,
but—far more difficult—a tomato that could be machine-harvested. It included
experiments concluding that pear-shaped fruit could withstand rough treatment by a
machine better than the rounder-shaped tomatoes. Machines required that the fruit be
resistant to bruising, that nearly all should reach optimum maturity at the same time,
meaning that plants ought to flower only once; have less “excess foliage”; and that the
plant should have good vine-holding ability at maturity.128 These were ‘traits’ that were
added to the existing plants via the process of cross-breeding. By 1961, a machineharvestable tomato variety known as VF145 was released and by 1968 it was used for
almost 90% of the acreage planted with tomatoes in California (US Yearbook of
Agriculture, 1968: 103). With the newly-redesigned tomato, ca. 1,300 mechanical
tomato harvesters replaced 95% of hand-picking on 240.000 acres (Lorenz, 1969:
239).129
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A further obstacle, according to Hanna, a breeder in charge of the new machine-harvestable tomato
plants was “in overcoming the backyard garden philosophy [of consumers]. Why should consumers insist
upon a round tomato? Cylindrical tomatoes would be more efficient in a mechanical age” (cited in
Rasmussen, 1972: 265).
129
The effect on labor productivity was well-calculated. As the 1968 USDA Yearbook of Agriculture
notes, “By 1962 both the [tomato harvesting machine] and the [tomato harvestable] plant were ready to
go. Subsequently, the U.S. government in 1964 refused to extend the provision of Public Law 78 by
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In addition to uniformity in space and time, other material transformations of
vegetable plants sought to simplify their spatial contours to achieve the “jointless”
character that allows fruit to separate cleanly, and the “arthritic” character that “keeps
the stems out of the harvested fruit because the fruit stem becomes woody and remains
on the plant when the fruit is shaken off” (Litzow and Ozbun, 1979: 353). A similar
logic was applied to many commercial plants, including trees: “Tree breeders are
working hard not only to make a faster-growing tree but one that can be harvested
easily, perhaps by machine, and has little waste in extra branches and bark” (US
Yearbook/Dorman, 1968: 49).
Modifying the living process of plants through the piecemeal trait-addition of
classical genetics was also sought to directly reduce labor in production not via
machinery, but by replacing human labor with a living process of the plant. A good
example of this is the modifications made in the context of seed production—i.e., again,
the production of seeds themselves, rather than crops. Especially in the production of
f1-hybrids for which the inbred lines must be crossed anew each season, the process of
pollinating the plants entailed considerable labor. In the early days, to produce f1-hybrid
crosses in maize, the two inbred parent lines were usually grown in alternate rows and
fertilized by the wind. But to avoid self-fertilization at the time of crossing, the ‘tassels’
or pollen-bearing flowers of one of the row of plants to be fertilized had to be removed
by hand. In the first years of hybrid seed production, this task employed small armies of
ca. 125,000 workers in the US ‘corn belt’ states for detasseling the plants at the exact
time of flowering, at a labor cost of USD 10 Million annually (Hobbelink, 1991: 111).
According to a maize specialist at the International Center for the Improvement of
Wheat and Maize, this was a labor process that was “most critical and difficult to
manage” due to the fact that detasseling tens of thousands of plants per hectare must
happen within a period of two weeks, “meaning 7 day workdays rain or shine”, and
demanding the supervision of workers to follow through correctly, or lose the hybrid
seed production altogether (Beck, 2004: 596ff).
After the Second World War, when the cost of labor rose again, plant breeders
found a solution for replacing human labor by the living process of the plants
themselves. Replacing human labor was done by seeking out a trait known as ‘male
which foreign nationals were allowed to come into this country to help with crop production and
harvesting” (Webb and Bruce, 1968: 103).
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sterility’, i.e., the inability to produce pollen. When it was identified, the trait was
crossed into the ‘mother’ inbred line, thereby making it impossible for the one line from
which the f1-hybrid seeds would be harvested to self-fertilize and therefore achieving
the desired cross without the need to remove the tassles. However, because this laborsaving ‘trait’ also induces sterility in the inbred ‘female parent’ lines of f1-hybrids, it
was necessary that so-called ‘restorer genes’ be found and bred into the other parent to
restore the fertility of the f1-hybrid seed. The process was already being used not only
in maize but also in the production of onion seeds as early as the 1940s, and by the early
1960s also for producing hybrid sugar beets, hybrid sorghum, and hybrid cabbages (US
Yearbook of Agriculture, 1961: 63). This is an interesting contrast with the process
described in the previous chapter in which peasant labor ‘had taken over’ some of the
living processes of the plant when the plants were domesticated. It points to an
interesting quality of the living processes of both plant and human beings that I will
come back to and elaborate on in the following chapter.
By contrast, in the case of vegetable crops such as tomatoes, cucumbers,
peppers, cantaloupe, watermelon, etc. the production (fertilization) of f1-hybrid seeds
has almost always been carried out by hand, usually by cheap labor in the South, despite
the fact that the labor process is far more tedious than in detasseling maize.130 Although
this kind of labor-intensive production is profitable for a “premium price” fruit such as
tomatoes, it would not be considered a viable process for producing field crops (wheat,
rice, barley) in which each tiny flower in the tiny self-fertilizing panicles of these grains
would need to be hand-pollinated (Poehlman and Sleper, 1995a: 212). In these cases, if
the particular living processes to replace the crossing labor are not identified (such as
male-sterility and restorer ‘genes’), f1-hybrids may remain largely infeasible on a
commercial scale, as is the case with f1-hybrid wheat.131 Replacing (or not) one kind of
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Rosset et al. describe the production of f1-hybrid tomatoes in Thailand in which pollination is done by
hand: “[T]he first several flowers to emerge… must be removed, an operation that… increases the overall
production of a given plant… The actual crossing of the [parent] lines requires intensive backbreaking
labor. The two lines are grown in separate plots or rows. The labor involves collecting the pollen from the
‘father’ line and keeping it dry and viable until the cross is to be made, usually a matter of days. All
flowers belonging to the ‘mother’ line, those plants designated to receive the pollen and produce fruit and
ultimately the hybrid seed are emasculated… entail[ing] opening the flower about three days prior to its
natural flowering date and removing the anthers [to assure that] no [self-] pollination occurs [and finally
pollinating the remaining flower part by hand]” (Rosset et al., 1999: 85).
131
An extreme exception is that of a Chinese breeding program in 1977. Here, a male-sterile parent seed
trait was found as a trait in a single plant but no ‘restorer’ gene, such that in 1977 at least 30,000 Chinese
workers were sent to hand-pollinate the parent crop (Kingsbury, 2009: 255). The traits that have been
sought to breed into rice for the formation of f1-hybrids include ‘apomixis’ (mentioned earlier, for the
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living nature power with another both affects and mobilizes a larger constellation of
societal nature relations.

Spatiotemporal Stability and Plants as ‘Inputs’
Beyond the specificity of f1-hybrids in the process of cultivation, the materiality
of the stabilized crop as part of industrial processes and of wider production relations in
this period deserves particular attention. Not only Regulation and Food Regimes
approaches but also other analyses of the political economy of agriculture have typically
focused on this period from the perspective of the industrialization of the cultivation
process, but without acknowledging the role of plant materiality. As a result, the
assumption is that industrialization is something done ‘onto nature’, regardless of the
plants’ material qualities. At the same time, the importance of plant materiality to
productive processes in this period is indirectly suggested by Food Regime’s analysis of
the Second Regime.132 According to this scholarship, one of the defining characteristics
of the new agriculture during the Second Regime is that it is no longer oriented towards
the production of final agricultural goods (such as meat or whole grains); but towards
providing the inputs for the industries that manufacture and distribute ‘durable foods’
and meat (such as syrups and starches made from grain and processed meats)
(Friedmann and McMichael, 1989:103ff.). Focusing on this central qualitative change, I
analyze the relationship between the production of these inputs and the reproduction of
the plants they came from, showing how the transformation of plants described in this
chapter ‘conditioned’ them materially to become such inputs for food but also for nonfood production.
The focus on the materiality of plants is important for getting at an aspect of
production that is missed when Food Regimes approaches focus on inputs primarily
production of cloned seed) or transferring traits such as the capacity to gain and lose fertility based on
daylight fluctuations (Kuyek et al., 2000: 2).
132
Fordism overlaps with what Food Regimes scholarship refers to as the Second Food Regime. The
United States plays a key role in the transition from the First to the Second Regime, making the approach
appropriate for viewing the integration of f1-hybrid maize as discussed in this chapter into production
processes/industries in that country. The broad sociopolitical characterizations of the Second Regime
include the fact that the United States is no longer a supplier of agricultural goods but of inputs for the
corporations that manufacture and distribute foods through capital intensive, mass production. The US
subsidized and exported large agricultural surpluses, and international policies such as the Marshall Plan
and Food Aid programs created markets to the advantage of US agriculture, creating the dependency of
food imports among the newly decolonized nations of the global South (Friedmann and McMichael,
1989).
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from the perspective of ‘substitution’. In their analysis, ‘substitution’ refers to importsubstitution, such as when the United States—continuing to play a dominant role in the
Second Food Regime—substituted its former massive import of tropical oils with oil
from domestically grown soybeans (Friedmann and McMichael, 1989: 101; 106; 108;
cf. also FritzSimmons, 1986). Substitution is also used by Food Regimes to refer to
replacing (minimally-processed) animal fats and sugars such as lard and molasses with
highly processed substances like margarine and hydrolyzed syrups, respectively. But
what is missing in both accounts of substitution is the recognition that these
replacements in production could not have taken place without a transformation in how
the plants ‘behind’ the margarine and the high-fructose corn syrup were reproduced
differently. This can be illustrated briefly taking soybeans as an example.
In the first case, the import-substitution of oils of tropical origin by soybean oil
was predicated upon the successful introduction to the United States of this Asian
legume, following the pattern of moving seeds across space described in Chapter 3. A
historian in 1933 writes that prior to 1903, only eight soybean varieties were grown in
the United States in limited areas (Ryerson, 1933: 126). But in 1914, a first trip to
Korea and China brought back 300 varieties of peasant soybean landraces followed by a
second trip that returned with 3000 different varieties (Klose, 1950: 135). These
introductions increased harvested soy to four million acres by 1932 (Ryerson, 1933:
126) and created “a bank of soybean germ plasm [seeds] unmatched in the World”
(USDA Yearbook of Agriculture, 1961: 25). The types of transformations to the
soybeans for this import-substitution to be feasible are first, the initial movement of the
legumes from Asia, underlining that even well into the era of genetics breeding the
peasant technique of moving seeds across space to new ecosystems is important.
Initially the plants were selected obtaining varieties that could grow further north to
tolerate different day/night periods thus expanding the area where soybeans would be
cultivated. The plants were subsequently ‘improved’ by genetics breeding, crossing
varieties and then inbreeding for homogeneity (these are not, however, f1-hybrids)
(Weiss, 1949: 125ff.). The new varieties “produce[d] 10 to 20 percent more beans, ha[d]
a higher content of oil, st[ood] more erect in the field, and [were] be harvested by
machine more easily than the [landrace] plants they replaced” (USDA Yearbook of
Agriculture, 1963: 24f.). It was due to these transformations that, as recognized by Food
Regimes scholars, by the early 1960s, the United States was growing half of the
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soybeans in the world, nearly all as oil, with the rest eventually used as animal feed
(ibid.: 27).
In the second process of substitution, how plants grew was also important: Meat,
sweeteners and fats as food inputs are at the same time the protein, starch and oils in the
grains of plants, in particular maize and soy. In other words, they are the non-identical
plant dimension or the material ‘flip side’ of the transformed foods that McMichael and
Friedmann focus on. On the one hand, the plant materiality ‘behind’ these substances is
at times implicit in Food Regimes’ analysis, for example, when they refer to the
“properties of processed soybeans as vegetable oil […] and [as] an excellent source of
protein in animal feed” (1989: 110). This acknowledges that there is a plant whose
materiality has specific qualities—such as producing protein in large amounts—but
does not acknowledge that these qualities are not an unchanging or essential property of
soybeans, but in fact the result of the particular way that the soybean plants had been
recalibrated to grow in very specific conditions to obtain specific qualities to be used in
industrial processes and to increase in yield.
As a result of these transformations in plants like soy, plant-based materials
came to be a viable industrial materiality. For example, by the mid 1930s, the Ford
Motor Company had spent considerable resources on replacing expensive materials in
the production of cars with plant-based substances, using a full bushel of soybean-based
plastic materials and paints in each automobile built (Shurtleff and Aoyagi, 2004;
2011). Ford’s work with breeding soybeans and the enormous research that went into
this and other plants were part of a wider movement called ‘chemurgy’ that sought to
promote industrial processing on the basis of agricultural plants to displace oil and coal
in industrial processes (Wright, 1993). Shurtleff and Aoyagi’s compilation of
documents surrounding Ford’s plans for the industrial processing of agricultural crops
make clear that in the 1930s a key quality being sought of the ‘improved’ varieties of
crops—in this case, soybeans in particular—was to produce specific substances in the
soybeans in ever higher amounts (cf. Shurtleff and Aoyagi, 2011). According to the
Mining Gazette in Michigan in 1941, “The automobile industry is one of the farmer’s
best customers, according to a report based on the extensive use of farm products by the
Ford Motor Company in building cars and trucks” (cited in ibid.: 121).
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Processing Starch: Use-Values and the Productive Process
As the example of soy illustrates, the ‘inputs’ recognized by Food Regimes
scholars have their reproductive counterparts in the living plants. Given my attention in
this chapter to the reconfiguration of the maize plant via f1-hybrids, in the rest of the
chapter I focus on how the particular spatiotemporal stabilization of maize already
described played a role in making maize into an industrial input, not only for the
production of food, but as with soy, also for non-food manufacturing. Analytically, a
central goal will be to highlight that the interesting transformation in production is not
only related to the creation of new use-value products/commodities (e.g., inputs such as
corn syrup), but in particular in noting the important role of use-values in the production
process itself, in which the ability to recalibrate the materiality of nature, as shown in
this chapter, transforms not just what is produced but how it is produced.
According to the US Corn Refiners Association, an industry interest group for
starch-processing, the importance of maize starch is in the “versatility [that] has made
possible the development of many specialty starch products designed for specific fields
of application” (ibid.: 29). This ‘versatility’ refers to the long carbohydrate molecules
that can be chemically rearranged into thousands of new substances and is considered
the essential quality making the grains valuable as industrial inputs (cf. Boyer and
Shannon, 1987: 253).133 The chemical transformation of starch is materially very similar
to the transformation of another organic matter associated with as a classic industry of
the Fordist period: The refining of crude oil (cf. Roobeek, 1987). While the processing
of starch chemically rearranges carbohydrate molecules, petrochemical refineries do the
same with hydrocarbon molecules (albeit using different methods for their chemical
separation). The material quality that renders both carbohydrates and hydrocarbons a
useful primary material for chemical transformations is the long and complex molecular
chains of both substances that can be rearranged by means of chemical reactions. There
are two types of starch, amylose and amylopectin which can be derived from a wide
range of plant sources including potatoes, rice, wheat and cassava (also known as
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Molecules are the smallest structures of all materials or substances. A molecule of any substance is
considered its smallest possible ‘unit’. The reason for emphasizing the chemical transformation of
carbohydrates is that they can also be transformed mechanically. For example, grinding will turn plant
grains into flour or meal. While wetting and heating to transform starches is a chemical transformation
and is probably an ancient technique, the more sophisticated chemical transformation of starches,
involving the addition of enzymes and acids, goes back to the first few decades of the 19th century and
has since become more sophisticated (cf. Walden, 1966: 76ff; 83f.; Smith, 1995: 22f.).
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manioc or tapioca). At least since the 1950s, one half of all commercial starch produced
worldwide has been processed in the United States, virtually all of which comes from
maize—or more precisely, from the particular material qualities of maize hybrids
(USDA Yearbook of Agriculture, 1951: 127; Imam et al., 2012: 5; USDA official,
personal communication, 2013).
Given that all plants contain the same two kinds of starch, albeit in different
proportions, it is not obvious that maize would have become as important as it did and
remains to the grain refining industry (known as ‘wet milling’ with reference to the
chemical process rather than the ‘dry’ mechanical milling process). In the early years of
milling in the United States, refining the starches of other plants was common. For
example, the first starch-processing plant opened in 1831 in New York to produce syrup
sweetener through the refining of potato starch (Walden, 1966: 77); and in Europe, the
starch industry developed to produce the same starch substances on the basis of wheat
rather than maize. This underlines that although the chemical transformation is possible
with any one of many starchy substances, there is also a reason why production
eventually came to focus on maize. During the Fordist period/Second Food Regime,
there are two particular traits that made maize an appropriate source for the processing
of starch, both of them related to the standardization of the maize plant achieved during
this period through the f1-hybrid breeding process.
The first is related to the yields of maize that have been attained via f1-hybrids.
According to the USDA Yearbook of Agriculture of 1951, “about 98 percent of the
starch produced in the United States is obtained from corn, because that grain is the
cheapest and most plentiful source of starch we have” (Yearbook of Agriculture, 1951:
127). This is echoed by the Corn Refiners Association’s assertion that maize hybrids134
have been
one of nature's greatest multipliers. Approximately four months
after planting, a single kernel of corn weighing about one onehundredth of an ounce will yield 800 kernels weighing eight
ounces. In comparison to this 800-fold seed multiplication in
corn, wheat will produce a 50-fold yield per seed planted (Corn
Refiners Association, 2006: 4).
134

The Corn Refiners Association literature refers only to “corn” without specifying that it
However, it is safe to assume that they are referring to f1-hybrids in the context of any
production or industrial processing of maize since no other kind is used. In the context
production (rather than breeding), f1-hybrids are generally referred to as ‘No. 2 yellow
industrial standard that was made possible through f1-hybrids.
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As discussed earlier, the increasingly high output volumes of maize reflected in these
figures are closely related to the standardization of the plant which permitted a scalingup of production given that the materially near-identical plants could be reproduced at
much higher densities in the fields. By the same token, the fact that yield has received
so much attention as an essential trait in commercial f1-hybrid maize production is
related to the fact that the vast majority of maize harvested in the United States from the
period of the Second Regime until the present is used as industrial starch of some kind:
Using mechanical processing, the largest proportion went to animal feed/silage;135 and
after more sophisticated degrees of chemical refining, a lesser amount of the grain was
chemically reassembled into other products. In the early 1950s, one third of this
chemically processed starch was refined for food with the other two thirds used for nonfood industrial purposes (USDA Yearbook of Agriculture, 1951: 127). From the
perspective of the industry as a whole it was advantageous to have a single plant serving
not only as a source of starch for refining but also simultaneously as silage for animals,
and on which so much research was carried out (2013, personal communication). In
other words, the passepartout seed was also a passepartout ‘input,’ a one-fits-all means
of production. This is not surprising because the seed is at the same time the same
material substance as the starchy grain.136
The second reason that starch refining has concentrated on maize is related to
the significance of a stable material substance for its chemical transformation, meaning
that the substances in the maize grain were predictable in quality and proportion. In the
context of chemical processing, the homogeneity of the f1-hybrid plants has two
components. The ratios of each type of starch, amylopectin and amylose, vary not only
135

While it is clear that the proportion of maize that is destined for animal feed is by far the largest, it is
difficult to get a sense of exact numbers. Different papers use different categories and what is considered
as ‘other’ (e.g., alcohols) making comparison difficult. Also, industrially-used modified starches for food
and non-food and the extent to which corn oils are considered food or animal feed/meal are also
inconsistent or incomplete (cf. Paster, 2004; Orthoefer and Eastman, 2004; Smith, 1995). The only clear
breakdown from the period is that in the mid-1960s, a full 75% of the starch in the maize grains produced
in the United States (as opposed to silage from the entire plant) was used as animal feed, the rest for food
and non-food processing (cf. Walden, 1966: 83).
136
Following a trend that was identified in Chapter 3, in the context of Fordist production, the number of
plants used to provide an ever-wider range of use values narrows tremendously. According to Small and
Catling, at present “[o]nly about 150 food plants are significant in world commerce and just 12 species
provide 75% of our food” (2008: 4). These twelve plants include maize, rice, wheat, soybeans, potatoes,
sweet potatoes, bananas and plantains, sorghum, cassava, millets, sunflowers and canola (ETC, 2009: 10).
At the same time, the number of different grocery food items sold in the United States has increased
constantly, from an estimated 800 in 1930 to 12,000 in 1980 (Gussow, cited in Friedmann and
McMichael, 1989: 108). Today, the trend continues, with the number of different estimated grocery shelf
items in the United States estimated at 45,000 (Pollan, 2006: 19).
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from one type of plant to another (potato vs. taro vs. maize vs. sorghum, etc.), but also
within the same type of crop (Shannon et al., 2009: 30f.). The material stabilization
achieved through f1-hybrids was important because it tended to stabilize the factors that
are known to lead to a fluctuation between the two types of starches: Intra-varietal
differences, as typical in landraces; the speed of grain ripening (affecting the conversion
of sugar to starch proportions in the maize kernel) and according to the location, the
planting dates, available plant nutrients, etc. (Shannon et al., 2009: 32). As described
earlier, all of these were qualities that were stabilized through f1-hybrids.
Moreover, the spatiotemporal stability of hybrids was important in stabilizing
the relative proportions of starch versus other substances also contained in the
seed/kernel: protein and oil (personal communication, 2013). The homogeneous f1hybrids produced relatively stable proportions of starches versus oil and protein. From
the perspective of production (rather than breeding) the standardized f1-hybrids are
generally known as ‘No. 2 yellow corn’, with starch consisting of about 86% of the dry
weight of the mature kernel (Boyer and Shannon, 1987: 257), the other parts of the
kernel consisting of ca. 5% oil and 8% protein (USDA 1996). While the proportions of
these substances may still fluctuate according to weather patterns and cultivation
conditions, the standardization of the maize grain through f1-hybrids standardized many
variables, including the particular variety, irrigation, nitrogen applications, etc.
Moreover, to standardize these proportions as much as possible even beyond breeding,
there was also an effort to manage “site-specific nutrient” content, by working with
precise dosages of nitrogen fertilizer (depending on the soil conditions) to attain reliably
stable quantities of oil, protein and starch (cf. Holin, 2001).137
Once each of these stable substances contained in the seed is separated into the
‘germ’, containing protein and oil, and the starchy ‘endosperm’, ‘No. 2 yellow’ could be
processed into the kinds of inputs that Food Regime scholars have recognized as
characterizing food production during the Second Regime because they were now a
homogeneous input from a single source, with stable qualities and were available in
137

In addition to breeding a standardized plant whose starch content was as stable as possible, ‘specialty
corns’ have also been bred for higher proportions of one of the two starches. In particular, amylose is of
interest due to its properties such as insolubility in water that allows it to be spun into filaments, or to
serve as a thickener or gelling agent. While the standard hybrid maize types tend to contain ca. 27%
amylose starch, so-called waxy maize contains almost exclusively, amylopectin. The f1-hybrid technique
was used to increase and stabilize the amylopectin content. High amylose maize has also been achieved
with rates of about 85% amylose (USDA Yearbook of Agriculture, 1951: 160; Corn Refiners
Association, 2006: 6f).

217

great quantities amenable to mass, capital-intensive production. As a result of the
chemical transformation of starches the starchy part of the maize kernel was
transformed into substances that gave foods material properties that allowed them to
become part of the “durable foods complex” identified by Friedmann and McMichael
(1989: 103). At the top of the list—according to the volume of starch refined into this
substance— are various classes of sweet syrups derived from the chemical
transformation of plant starches. Maize syrups are not only sweeteners but are
considered by food processors “as a basic food in its own right” imparting “body”, or
properties such as a lack of crystallization in frozen products, stabilizers of moisture and
retardation of oxidization (Walden, 1966: 104). In addition, these starch-based durable
foods included thickeners, jelling agents, stabilizers, granulated and powdered foods
and glazes; as well as preservatives such as calcium citrate or sodium erythorbate.
These qualities are referred to in the industry as ‘texture’, ‘stabilizers’ and a ‘long shelf
life’ (starch industry representative, 2013, personal communication). Thus, the stable
starch was transformed into inputs that also stabilized food materiality in space and
time, taking them “from a local, perishable set of ingredients to a widely marketed set of
products with a long and hardy life” as recognized by Friedmann and McMichael
(1989:106).
The plant starches were not only transformed into foods but also into a number
of non-food products that span a wide range of industries: Starch from maize is essential
in the production of the vastly different varieties of paper and cardboards (with the sole
exception of newsprint), in paper coating and texturing, including glossy, waxy and
textured finishes. Dextrin, a very common type of starch also obtained through chemical
processing, rendered industrial materials of the period “waterproof, heatproof,
coldproof… and capable of forming the immediate bond necessary in high-speed
packaging machines” (Walden, 1966: 90). This type of starch is a key component in the
molds of textile finishing and coating, a binding agent in pharmaceuticals and in heavy
foundry, machinery and tanks, shotgun shells and dynamite (Walden, 1966: 90; Smith,
1995: 22; USDA Yearbook of Agriculture, 1951: 127). The sweet syrup itself has other
applications outside of food production, including the manufacture of rayon, the
finishing of fabrics, medicines and leather tanning (ibid., 107). Processed starches also
became an important component in the production of oil-well drills; battery dry cells,
the production of every kind of aluminum, and mining in general for the separation of
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ores. Maize starches also became important in the production of plywood, fiberboard,
insulation, and charcoal briquettes (Fussell, 1992: 8; Walden, 1966: 98). With
increasingly sophisticated chemical processing, starches also became the basis of
chemicals such as citric acid and lactic acid; amino acids including lysine and
tryptophan; xanthan gum, sobitol and other alcohols as well as the active and non-active
components of pharmaceuticals (Orthoefer and Eastman, 2004).
Given their transformation of daily life, consumption patterns, the taste of food,
the texture of the objects characteristic of the Fordist period, it is the wide variety of
consumer use-values produced with the new homogeneous, stable and plentiful grains
of maize that initially attracts our attention. Yet the qualitative change that is perhaps
even more important and interesting here is the role of the materiality of the stabilized
plants as new means of production, or in other words, the role of the maize hybrids as
new use-values transforming in the production process. This is something that is not
usually recognized for two reasons. On the one hand, it is assumed that the ‘raw
materials’ are unchanging qualities, as if a blank slate to be shaped by the (social)
process of production. On the other, if attention is drawn immediately to the dimension
of valorization, (e.g., cheap foods that encourage mass-consumption; input-fed meat as
the greatest source of value in foods, etc.) the use-value dimensions in general appear as
less important.
Yet the role of the stabilized maize plant as a ‘supplier’ of inputs just described
makes an important point about the role of the materiality of nature in production,
questioning a frequent assumption that, from the point of view of the valorization of
capital, the materiality of nature does not matter: Görg interprets Marx as claiming that,
“the particular goal of… capitalist production is not the production of the use-values but
the production of surplus value. This specific goal determines in the end the process of
appropriation of the ‘nature substance’ [Naturstoff] contained in the commodity:
Relations of production dominate nature relations (Görg, 1999: 55, emphasis in
original). This observation regarding the dominance of surplus value over the use values
or the materiality of nature relations is valid from the perspective of use-values as
commodities, but it is less certain from the perspective of the commodities that
‘function as part of the productive process.’ According to Marx himself,
The article that is a commodity and is therefore to be a bearer of
exchange value should be able to fulfill some societal need, and
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therefore to have certain useful qualities. Voilà tout. But this is
different for the use value of the commodities that function as
part of the productive process. Through the nature of the labor
process the means of production are first distinguished as the
objects and the materials of labor [Arbeitsgegenstand und
Arbeitsmittel], or further specified as raw materials on the one
side and instruments, tools [Hilfsmaterialien] etc. on the other.
These are forms of use value that arise out of the nature of the
labor process itself, and—in respect to the means of
production—their use value continues to be conditioned [ist
weiter fortbestimmt]. The form of the use value is here itself
essential for the development of the economic relation, of the
economic category [der ökonomischen Kategorie] (Marx, 186163 (1969): 7f., emphases added).
What Marx’s passage is getting at is that the material qualities of nature in production
make a qualitative difference in the production process: It matters whether the plant as
‘raw material’ is homogeneous, stable and abundant like the maize hybrids. These are
use-value qualities that are not indifferent, neither from the point of view of the
productive-transformative process, nor from that of the valorization process.
But something that Marx does not consider explicitly—as he does for the living
qualities of humans—is that the qualities of the ‘raw materials’ are not only materially
qualitatively important, but that they can also change. For Marx’s general analysis the
key quality of human labor as a commodity is its ability to work, the result of a living
process. But it is also important to consider that non-human living nature/living power
can be materially flexible for the same reasons—that i, if, like human labor, it can be
calibrated to the spatiotemporality of the production process, as shown in this
chapter.138 In this case, the living power may not necessarily transform production
during the production process itself but it is a living power that transformed it prior to
and as a prerequisite to the production process, nevertheless shaping the material
process of the latter in an essential way.
As mentioned earlier, all crops produce starch and can be chemically
transformed to produce the same gamut of use-values listed above. But what is central
to recognizing a specifically Fordist way of producing with nature is the specific way in
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In humans, such a ‘calibration’ takes many forms, including learning practical skills, either intellectual
or manual; becoming accustomed to routines, whether it be repetitive work, long hours, or physical labor.
All of these are processes that also ‘stretch’ or qualitatively transformed the living processes (labor) of
humans.
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which the crops were transformed in a way that allowed a different kind of production:
Mass production at an industrial scale; cultivation with machinery; an increase in output
produced; a decrease in variable capital (labor) expenditures, durable foods produced on
the basis of agricultural ‘inputs’, and so on. As this chapter has shown, all of these are
transformations that cannot be seen as the result of a Fordist mode of production
‘applied’ to agriculture. ‘Applying’ a way of producing was dependent on the
spatiotemporal recalibration of peasant landraces to become the homogeneous, stable
and abundant plants to allow production to unfold this way, but this calibration was
itself based on non-social processes of the plants. As shown, this reproductive
transformation of the crop was necessary for all productive transformations. Otherwise,
it would not have been possible to apply nitrogen fertilizer, to grow the crops at
increasing densities, to supply a homogeneous mass of starch, etc. The transformation
of societal relations in this period must be seen as part of the transformation of nature
(and vice versa) and must be reflected more systematically. In the following chapter, I
continue to explore this connection in the context of a very different way of
transforming the materiality of living organisms—molecular genetics— that is by no
means, however, part of such a clear societal project for a specific way of transforming
societal nature relations as in the period covered in this chapter. This raises some
important methodological and analytical issues that I address in that chapter as well as
in the conclusion.
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5. The Molecular Transformation of Plant Materiality
The plant soul can be in all of the tree and at the same time
in substance in the smallest particle. This allows us to
easily understand that the plant soul is material and
divisible into an innumerable number of particles in its
entire substance, and slowly carry out its functions, as we
can prove through its effects
Georg A. Agricola, 1716: 197f.

Introduction	
  	
  
This chapter discusses a new way of transforming living organisms through a
dimension of nature gradually rendered accessible parallel to the rise of Mendelian
genetics: Molecules. In the beginning of the chapter I describe these developments
showing how molecular genetics came about conceptually and how it differs from the
classical genetics described in the previous chapter. This includes an approach that
conceives of the materiality of nature as specific, molecularly defined substances rather
than as ‘traits’; how the minute, unobservable spaces of molecules were rendered
available through spatial ‘translation’ strategies; and how they were eventually
experimentally manipulated, in time, in the absence of the living cell. This is an
important introductory discussion that contextualizes a dimension of life that may be
less accessible to readers in the social sciences than the discussion of seeds and
fertilization in previous chapters. At the same time, these first pages also analyze the
characteristic strategies of the new approach and build on several of the themes
developed in the last two chapters, including the practical abstractions entailed in
scientific strategies to transform nature; and the fact that the ‘doers’ of these high-tech
manipulations continue to be living processes themselves.
I then describe the molecular manipulation of plants, largely through a
comparative approach: Are molecular transformations of nature more precise than other
manipulations? Is it justified to understand molecularly transformed nature as
‘produced’, as some scholars have claimed? These two questions engage with
characterizations of molecular transformations in the social sciences, some of which
were raised earlier in Chapter 1. I also engage with a question that has usually only
addressed by the natural sciences regarding the ‘unintended consequences’ of molecular
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engineering. I suggest that several of these explanations in biology have considered
molecular transformations on a spatial, but not on a temporal dimension. I also address
the strategy of molecular ‘mapping’ based on treating molecules as if an absolute space
in the form of microelectronic signals. This particular ‘translation’ is important in order
to create a practical correspondence between the extremely large and complex
molecules as spaces and the scale of societal production relations—with the effect of
compressing time and space.
Unlike earlier chapters, to contextualize specific production processes with
molecularly transformed plants, I do not rely on characterizations by Food Regimes
scholars. In this period, this scholarship has largely focused on political institutions
rather than production and there is disagreement about how to interpret the processes
that are presently unfolding. I argue that, despite being grown on a large scale,
molecularly-transformed crop plants do not represent a new form of producing (as
opposed to reproducing) with nature. Producing crops for food and other industries is
essentially based on the same materiality as in the Second Food Regime/Fordism. At the
same time I identify a series of processes not involving plants but unicellular organisms
that have been molecularly transformed to produce some of the same ‘inputs’
characteristic of the Second Food Regime, albeit through a new process using these
organisms as productive forces. This is discussed in detail using the example of vanilla
production by yeast. I end the chapter by considering some of the ‘unintended
consequences’ of molecular transformations not from a reproduction but rather from a
production perspective, including how treating molecules as absolute spaces facilitates a
process of valorization without production.

The	
  Materiality	
  of	
  ‘Genes’	
  
In the epigraph at the beginning of this chapter the 18th century botanist, Georg
Agricola, speculates on the ‘soul’ of trees in terms of divisible particle substances,
thereby building on a long tradition since European antiquity that imagined the
reproduction of living organisms in such terms.139 By contrast, 140 years later when
139

In 1717 Agricola (1672-1738) wrote an influential book that became a standard work on tree grafting
and was translated into several languages. The notion of divisible particles echoes concepts that go back
as far as Hippocrates’ (460-377 BCE) theory of pangenesis, according to which tiny particles from every
part of the body were joined through parental seminal substances.
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Gregor Mendel carried out his cross-fertilization experiments on plants, he diverged
from this tradition, refraining almost completely from speculating on what kind of
living substance or material process was associated with the character traits whose
frequencies he could now predict; that is, what materiality characterized the “elements”
underlying the traits he observed (Mendel, 1865: 24f.).
Past Mendel’s lifetime, during the explosion of new approaches to
understanding living processes and the development of biology as a field, inquiry into
how living organisms develop and reproduce remained close to their corporeality. This
distinguished the various sciences of reproduction (e.g., cytology, embryology, later
convening together as ‘developmental biology’) from that of genetics (Morange, 1998:
24ff.). Exemplary of this ‘materialist’ tradition is the work of Charles Darwin, a
contemporary of Mendel. Darwin put forth a broad scheme for explaining evolution and
variation based on many qualitative, comparative observations about plant or animal
specimens such as the wings of birds and beetles, or the tails of dogs and horses.
Corporeal processes played a major role in Darwin’s propositions, including his
espousing of a theory of blending inheritance, based on the mixing of tiny corpuscular
particles during fertilization (cf. Deichmann, 2010: 91; Orel, 1996: 7f.):
I assume that cells, before their conversion into completely
passive or ‘formed material’ throw off minute granules or atoms
which circulate freely throughout the system and when supplied
with proper nutriment multiply by self-division, subsequently
become developed into cells like those from which they were
derived. These granules may be called […] simply gemmules
(Darwin, 1868, cited in Deichmann, 2010: 94).
In contrast to this approach to reproduction through corporeal qualities (such as
bird’s wings), or presumed material entities (such as gemmules), Mendelian
propositions about inheritance were based on abstract underlying “elements” (Mendel,
1865: 34ff.). In Mendel’s explanations—characteristic of the approach of classical
genetics discussed in Chapter 4— the corporality of the organism played a wholly
subordinate role. He made a clear reference to the location of the elements in
reproductive cells, but did not offer an explanation regarding their material composition.
Mendel provided a “purely phenomenological [explanation], not committed to any
particular theory” (Falk, 2009: 26) regarding the materiality of the phenomena he
observed. This duality was later crystallized in Wilhelm Johannsen’s key distinction in
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1909 between the observed or otherwise perceivable differences in phenotype and their
underlying hereditary ‘cause’, the genotype (cf. Chapter 4). For Johannsen, as for most
geneticists, the latter also “resisted” identification with a material substance (MüllerWille, 2007: 800).
This is not to say that the strategy of defining plants in terms of ‘traits’—
Mendelian breeding—was somehow less material. Mendelian breeders’ interventions
transformed the materiality of plant organisms through the process of deliberate
pollination (cross-fertilizing or inbreeding) as described in Chapter 4. Yet their strategy
diverged from others in biology in that it did not involve a conceptualization of what
else went on in the cells of the plant in terms of a material substance, focusing only on
plant materiality in terms of the targeted use-values as qualities of the plant as a whole:
Stiff-stalks, early ripening, frost-tolerance, short-stems, etc. This was the ‘genius’ of
Mendelian control, and the elegance of simplicity that it gave to what had been
considered in earlier centuries the “most complicated of all knots” (Kölreuter, cited in
Olby, 1966: 27).
As shown in Chapter 4, the field of genetics did not need to ask conceptual
questions about the underlying materiality associated with these traits. It was immensely
successful in transforming living organisms without doing so. Classical genetics was
therefore seen by many biologists as a “formal science removed from reality”, in the
sense of studying “genes without apparently being interested either in the way they
worked, or in their chemical nature” (Morange, 1998: 18). For the majority of
theoretical geneticists involved in breeding and crossing in the first half of the 20th
century, “the material constitution of the gene was a problem that needed no answer
within the realm of their own experimental regimes” (Rheinberger, 2000: 226).
Therefore, when the transformation of plants through classical genetics was in full
momentum—radically transforming the agricultures and productive systems in the
global North and beginning to take foothold in the South—Hermann Muller, a pioneer
of classical genetics and by then a Nobel laureate, reflected on the fact that the
underlying cause for the reproduction of traits, the indeterminate ‘genes’, was still
uncertain:
[T]he real core of the gene theory still appears to lie in the deep
unknown. That is, we have as yet no actual knowledge of the
mechanism underlying the unique property which makes a gene
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a gene—its ability to cause the synthesis of another structure like
itself… (Muller, 1951, cited in Rheinberger, 2000: 220).

Genetics	
  as	
  Geography,	
  the	
  Beginnings	
  of	
  Molecular	
  Biology	
  
For a few geneticists like Muller, inquiry centered on addressing what type of
materiality genes were, emphasizing the material substance ‘beneath’ the level of the
cells of an organism (cf. Fuerst, 1982: 262), and from the early 20th century onwards,
the central approach was based on identifying particle substances known as molecules
(cf. Fruton, 1999: 14ff).140 Among geneticists interested in heredity not only as the
replication of phenotypic traits across generations, but in reproduction defined as a
substance, speculation initially fell upon protein molecules as the ‘stuff’ of genes.
Proteins had been recognized as an essential underlying structure in the living cells of
all organisms as far back as the 1860s and by the turn of the century had garnered
considerable research interest, encouraged by the discovery in the 1930s that an
important kind of protein, an enzyme, had a key role in the transformation of one
substance into another.
The identification of molecules opened up new perspectives in the study of older
questions. For example, while the work of many ‘naturalists’ (cf. Chapter 4) had
consisted in descriptive classifications of living organisms based on outward physical
similarities and differences in specimens or fossils, new molecular taxonomies of
hundreds of animals were created—no longer by examining their tails or wingspans and
classifying their bone, beak or limb shapes as Darwin had done, but by analyzing
crystallized hemoglobin (protein) molecules found in their blood serum. Using a
petrographical microscope (made for studying crystals), researchers noted that
The crystals obtained from different species of a genus are
characteristic of that species, but differ from those of other
140

Molecules and their material qualities will play an important role in this chapter. They are defined as
the characteristic components of all organic substances, including gases in the atmosphere, the oceans,
and all living beings. They are the smallest unit into which a substance can be divided “and still retain the
composition and chemical properties of that substance” (Encyclopedia Britannica, 2013). Molecules
themselves consist of arrangements of atoms and depending on their number, the molecules also vary in
size and mass. For example, while a water molecule has three atoms, a large molecule such as DNA can
have billions of atoms. The key types of molecules— at least several thousand atoms large— that will
play a key role in the transformations I describe below include proteins (that combine with other types of
molecules to carry out the transformation of most of the substances in living cells); carbohydrates (such
as the maize starches discussed in the previous chapter); and nucleic acids (such as DNA and RNA, that
play an important role in regulating the production of other living processes in the cell).
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species of the genus in angles or axial ratio, in optical
characters, and especially in those characters comprised under
the general term of crystal habit, so that one species can usually
be distinguished from another by its hemoglobin crystals
(Reichert and Brown, 1909: 327; emphases added).
The discovery of molecules provided a new sense of clarity in understanding the
multidimensionality of life and its complexity. Through the study of molecules, the
young science of biology— until then largely characterized by qualitative analyses (cf.
Chapter 4)— could increasingly define life in terms of more precise laws and
regularities through the approach of chemistry and physics (cf. Coleman, 1977: 15), of
which the above crystallization procedure is but one example. In this spirit, one of the
so-called ‘re-discoverers’ of Mendel argued in 1900 that “just as physics and chemistry
are based on molecules and atoms, […] the biological sciences must penetrate to these
units in order to explain by their combinations the phenomena of the living world” (De
Vries, cited in Keller, 2002: 126).
This meant that while other subfields of biology addressed the transformation of
organisms at the level of the entire organism and its development in time (cf. Keller,
2002: 124ff.), a number of the new molecularly-inclined scientists considered that to
understand life processes and reproduction it would be sufficient to discern the (spatial)
structure of molecules. For physicists, the term “implie[d] not so much a technique as
an approach [….] with the leading idea of searching below the large-scale
manifestations of classical biology for the corresponding molecular plan” (Atsbury,
1950; cited in Fuerst, 1982: 256, emphasis added).
A noteworthy aspect of the biological approaches that enthusiastically took up
the study of molecules is the fact that they consisted largely of spatial strategies. For
example, the taxonomy based on the crystallization of hemoglobin noted above focused
on measuring angles, that is, on discerning a geographic and geometric order at this
scale; and quantum physics produced new theories about genes based on the spatial
order of their particle atoms, as determined by the charges of the bonds in the molecule
or the spatial folding patterns of proteins (Morange, 1998: 70). The many metaphors
that accompanied the structural study of molecules also reflect these spatial approaches.
For example, the various functions of proteins (or their ‘specificity’), were expressed
using metaphors for the correspondence of spaces, such as that of ‘lock and key’,
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‘templates’, ‘die-and-coin’, photographic or phonographic ‘negatives’, or interlocking
structures and molds (Kay, 2000: 51).
The usefulness of approaching molecules as spatial relationships seems to be in
rendering tangible a material scale about which very little was known and which was
otherwise inaccessible. In this sense, physics techniques and the spatialization of
physical relationships can be seen as examples of what Wolfgang Haug has called
“translation technologies” that allow us to “jump” to new dimensions of nature and
without which “the very slow and the very fast” as well as the “very small or very
large” would not exist for us (Haug, 2001: 159). Physics techniques rendered the
minuscule spaces of molecules available by defining spatial relationships in a way that
made them intelligible to the human scale—from the conceptual level of theories about
atom structure, to the practical level of creating graphical accounts of the relationships
among molecules in the cells. For example, the technique of X-ray crystallography,
developed in the 1910s, consisted in inferring three-dimensional models of molecules
from X-ray beams passed through crystallized molecules and projected as a twodimensional image (cf. Figure 5.1) As in the earlier microscope studies, of interest was
the spacing and spatial patterns of the molecules, because these suggested how
molecular structures might interact with each other based on their atomic charges.
The transformations of life explored in the previous two chapters were based on
the manipulations of seeds and fertilization (manipulating cells), both of which are
easily accessible. Because molecules exist at a scale that is not accessible to social
science analysis, it is useful to consider the following spatial relations to appreciate the
significance of these ‘translation technologies’ in opening up a time-space that is far
removed from the human practical experience: A large protein such as an enzyme is
12.308 times smaller than a large plant cell such as a grain of pollen (a large example of
a plant cell). The enzyme is also 1.8 million times smaller than a maize seed. In other
words, if the maize seed was the size of a soccer field, then the pollen cell would be the
size of a large trailer truck (150 times smaller than the grain of maize); a much smaller
cell such as E. coli would be the size of a cow (2000 times smaller than the grain of
maize); and the enzyme, a very large molecule several million atoms big, the size of a
baseball (1.8 million times smaller than the grain of maize).141
141

Following these proportions, a very small molecule such as that of water (three atoms big) would be
the size of a grain of sand in relation to the soccer field (4.3 billion times smaller than the grain of maize).
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Figure 5.1: A Molecular ‘Translation Technology’: X-Ray
Crystallography
On the left is an image, made in 1952, of the DNA molecule
created by crystallizing DNA and diffracting X-rays through the
molecule onto a photographic film. The single twist of the helix
in the image is circa 3.4 nm in size. In relation to the soccer field
example given above, this would be the equivalent to the
diameter of a ping-pong ball. The famous diffraction image was
made by Rosalind Franklin who played a key, often
unrecognized, role in determining the structure of the DNA
molecule. X-ray crystallography continues to be an important
‘translation technology’ in understanding the molecular shape of
new substances, such as in the design of the proteins that make
the active compounds in pharmaceuticals.
Image source: Olby, 1974: image 23

Although molecules began to lend substance to the reproduction of the abstract
Mendelian genes, it is ironic that in the 1930s and 1940s approaches to questions as
fundamental as What is Life?— the title of a book by physicist Erwin Schrödinger—
were in fact characterized by the stark molecular abstraction of ‘physico-chemical’
structures. This was a search for a substance-defined gene that was, however, turning
into a rather abstract, lifeless matter. The epitome of this type of starkly structural,
physics-inspired approach is the famous ‘double helix’ model put forth by James
Watson (a biochemist) and Francis Crick (a physicist) in 1953 to explain the structure of
deoxyribonucleic acid, or DNA.142
Watson, Crick and their colleagues considered that understanding the chemicalgeometric relationships of the DNA molecule was fundamental to understanding how
‘genes’ functioned, i.e., how material processes were repeated anew at the molecular
scale, within all the cells of living organisms. In two papers published in the spring of
1953 Watson and Crick describe the elements of the structure (1953a; 1953b). I repeat
parts of their model here, due to its relevance in describing the interaction of molecules
as discrete entities, as the conceptual basis for how the transformations described in this
chapter were understood. The model identifies two parallel molecule ‘chains’ coiled
around an axis in a helical shape. The nucleotide bases, A (adenine), C (cytosine), G
(guanine) and T (thymine) plus sugar and phosphate molecules, run on both sides of the
The relative proportions were calculated based on the measurements at:
http://www.rci.rutgers.edu/~molbio/Courses/301/scales.pdf; and at http://www.falstad.com/scale/
142
Interest in the DNA molecule was related to the fact that since the 1940s, scientists had gradually
come to a consensus that the DNA, rather than proteins, played the key role in heredity (Keller, 2000:
22f.). As a result and in keeping with this structural approach, an important task for molecular biology at
the time was to determine the structure of the DNA molecule.
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inner chains. They face each other, each nucleotide linking up to the opposite chain, so
that A always forms a bond with T; and likewise C pairs with G, as suggested to them
by the 1:1 chemical ratios of these nucleotide pairs that had been observed in the
laboratory (Watson and Crick, 1953b: 965).143 A remarkable aspect of the model is that
the four nucleotide bases suggested the possibility of many combinations of nucleotide
sequences of varying length that could also replicate on the basis of one of the chains
acting as a ‘template’ for the other (ibid., 966).
The fact that the structure of a molecule found in all living cells could suggest
both stability and at the same time variability—i.e., stability across cells, organisms and
generations; and variability, due to the infinite possible nucleotide chain
combinations—was granted great explanatory potential (cf. Sarkar, 2005: 8ff.). At the
same time, Watson and Crick’s model for the replication of the DNA molecule, still
based on spatial correspondences and associations was actually wholly static; there was
little to indicate a living, changing materiality. In other words, their model still said
nothing about how the constant transformation that characterizes living processes took
place (at the molecular scale: How molecules transform other molecules i.e., how one
substance transforms into another). Given the need to specify this, Crick used a
suggestive new term to call attention to the unknown process of transformation:
The phosphate-sugar backbone of our model is completely
regular, but any sequence of the pairs of [nucleotide] bases can
fit into the structure. It follows that in a long molecule many
different permutations are possible and it therefore seems likely
that the precise sequence of the bases is the code which carries
the genetical information (Watson and Crick, 1953b: 965,
emphasis added)

Temporality	
  as	
  a	
  Metaphor:	
  the	
  Notion	
  of	
  Information	
  	
  	
  
Like ‘genotype’ in classical genetics, the notion of genetic ‘information’ was
used to refer to a materiality that was recognized and which, as I describe in this
section, could be manipulated and reproduced, but which was not yet defined. The
particular quality of this ‘information’ was so intangible that Watson and Crick at first
even argued that the term did “not imply… necessarily the transfer of material
143

Nucleotides will be an important and recurring term in the discussion below. Sequences of
nucleotides, usually expressed as paired ‘bases’ (thymine, cytosine, guanine, adenine), are practically
treated as the discrete entities whose manipulation has defined molecular engineering.
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substances” (cited in Kay, 2000: 58). Given the conceptual importance of cybernetics at
the time (Keller, 1995: 84f.; Kay 2000: Chapter 3), ‘information’ caught on quickly as a
framework for expressing the relationship between DNA and other molecules. In
particular, this framework conveyed the so-called ‘central dogma’ of molecular biology,
formulated by Crick in 1956, according to which the ‘genetic information’ is
‘transcribed’ from the DNA molecule (via the RNA molecule) to synthesize or produce
a protein molecule (cf. Crick, 1956; 1970). But from the perspective of the dissertation
more interesting is that, ‘information’ is a metaphor that helped researchers to
conceptualize and which accompanied, the first experimental replications of molecular
interactions in the cell.
The process of scientific experimentation and abstraction—expressed here
through the notion of information transfer and in Mendelian genetics through the notion
of traits—reveals a process of investigating nature by developing strategies to transform
it. To illustrate this, it is helpful to look back again briefly at the 19th century. In contrast
with the older European tradition of ‘natural history’ based on qualitative descriptions
of living specimens and making inferences about past relationships among living
organisms and their environment, the field of biology redefined life in terms of living
functions (cf. Chapter 4). For example, in the late 18th and early 19th centuries,
experiments in the new field of physiology were designed to understand the process of
digestion in animals, as a discrete function of a living organism. In the experiment,
birds ingested and then regurgitated metal mesh capsules filled with food to observe the
transformation of the substance in the bird’s stomach (Lutz, 2002: 121ff.). As a result, it
was established that digestion was not a mechanical breakdown of substances into everfiner particles, as it was assumed, but that the organism carried out a transformation of
one substance into another. In the 1850s, other experiments at the time entailed the
extraction of an organ from an animal—such as a liver out of a dog—to observe that the
liver secreted sugars outside the context of the body, as an independent
function/substance (ibid.: 151ff).
Defining life in terms of discrete functions entails a process of abstraction that
has been key to the scientific manipulation of living nature. In the above example, it
meant defining a life process in abstraction of the bird or the dog themselves, their
environment and their relationships to other animals. The experimental focus was only
on a single process: Digestion in one example; and the secretion of sugar in the other.
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This process of abstraction was also identified in Chapter 4 as an important part of
Mendel’s strategic redefinition of plants in terms of abstract traits, in the absence of the
plant organism as a whole, and of the agroecosystem. But in molecular processes, there
are two important differences with classical genetics. First, as in the 19th century
examples, the transformations were defined in terms of discrete, molecular substances,
rather than discrete traits of the organism as a whole. Second, there is also a significant
difference in the magnitude of the abstraction that is important to the transformation
strategy of molecular genetics.
The latter is related to the fact that these experimental (i.e., practical as opposed
to strategic) abstractions for manipulating molecules also implied an abstraction from
the most basic living ‘framework’, the cell.144 In other words, it recreated a process
outside the spatiotemporality of the living system, a hiatus similar to that I identified in
earlier chapters for seeds and the process of self-fertilizing plants. This abstraction was
realized gradually, concomitantly with the experimental manipulation of molecules over
decades. An important milestone in carrying out the transformation of the substances of
living organisms was the realization, at the turn of the 20th century, that the fermentation
of sugars could take place in the absence of living yeast. It was demonstrated by the
German chemist Eduard Buchner who stated that “the initiation of the fermentation
process does not require so complicated an apparatus as is represented by the living
cell” (Buchner, 1897, cited in Fruton, 1999: 117). This pointed to a dynamic subcellular entity (which would turn out to be an enzyme molecule) responsible for the
process of the transformation of sugar into alcohol. Back in the future of the 1950s and
1960s, experiments in biochemistry proceeded in a similar way, further specifying the
processes of ‘functions’ below the complex cell apparatus by deploying specific
molecules in abstraction of the living cell. This can be illustrated by the experiment that
‘cracked’ the so called ‘genetic code’—or, in terms of the dissertation, that established
the first step to (re)producing a discrete molecular substance by manipulating molecules
such as DNA.
The experiment shows clearly how a practical abstraction led to the reproduction
of a discrete living process, analogous to the redefinition allowing Mendel to
144

A cell is considered the ‘simplest’ living framework because it carries out the transformative processes
of living organisms: development, reproduction and evolution. Cells range in complexity of their
structures, from very ‘simple’ bacteria to complex plant or animal cells that contain multiple organelles
within them (Capmbell et al., Chapter 4).
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consistently reproduce his ‘traits’. A first thing to note about this experiment, carried
out in 1961 by biochemists Marshall Nierenberg and Heinrich Matthaei, is that it was a
radical departure from approaching molecules as static spatial entities. In contrast to the
physics model of Watson and Crick, these new experiments seeking to define the
molecular processes in the cell entailed manipulating molecular substances, in time. As
the Matthaei/Nierenberg paper shows, the abstraction from the living system—earlier
the dog and now the bacterial cell—is a delicate balancing act to keep the substances
interacting and transforming as they would within the organism: All of the molecules in
the experiment—such as nucleic acids and enzymes—were extracted from bacteria and
salmon sperm cells with the use of centrifuges. Salts keeping the molecules at an
appropriate level of acidity and maintaining specific temperatures was necessary for the
interaction of molecules within the cell (1961: 1580-81). Finally, accompanying
molecules were added, including adenosine triphosphate, or ATP as a source of energy,
and various enzymes. The researchers note that “a major difficulty […] [was] the
necessity for preparing fresh enzyme extracts for each [portion of the] experiment”
(1961: 1580).145
Thus, while the setup is premised on abstracting from the cell to replicate a
single molecular process of interest, the experimental abstraction also mimics the cell to
some extent—i.e., the ‘fresh’ enzymes, the pH-level, ATP, etc. This underscores that
achieving an experimental abstraction should not only be seen as a “disassembly of the
cell” (Tibon-Cornillot, 2011: 138ff.), but also as a functional re-assembly of a life
process in absence of the cell. As observed in Chapter 4, transforming living processes
through classical genetic breeding hinged on both establishing the right abstraction but
at the same time providing enough of the historical material context to achieve the
desired ‘function’. For example, to achieve the f1-hybrids the stunted maize inbreds had
to be crossed again. In molecular manipulations, it means not only disassembling but
also recreating the cellular environment to allow the transformation to unfold. While the
abstraction is not an absolute one, it was enough to recreate a process outside the actual
time-space of the living organism. As in Mendelian breeding, the other transformations
of the cell are treated as a constant variable, as if they did not change.
145

Beyond the experimental abstraction, another important part of the setup is the need to count on
various ‘translation technologies’ that allow the researchers to assess whether the protein sub-molecules
they were after were part of the protein strands that were created. This includes procuring radioactive
substances as markers for certain molecules so that a machine could detect their presence or absence. This
is a way of connecting the spatiotemporal scale of the molecules with that of the laboratory.
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The experiment established a correspondence between a DNA segment and a
protein substance. This meant experimentally defining the ordered pattern of the DNA
nucleotide bases associated with (‘coding for’) a sub-section of a protein molecule (an
amino acid) as postulated in the ‘central dogma’.146 The so-called ‘cracking’ of the
‘code’ meant that it became experimentally possible to re-produce a discrete molecular
substance based on its associated DNA sequence. Although the Matthaei and
Nierenberg experiment was carried out with DNA/RNA from the E. coli bacterium, its
wider significance was that the molecules in question are present in all organisms,
giving an insight into something common to life processes in general. In the years
following the ‘decoding’ of the first DNA to amino acid process, similar experiments
established the relationship between DNA and the other nineteen amino acids that, in
different combinations, are considered common to all living organisms.
In a manner reminiscent of the early 20th century in which the first
transformations of organisms based on Mendelian genetics sparked the imaginations of
many as to how genetics could be used to transform living organisms and thereby
societal nature relations (agriculture, industry, eugenics), this gradual ‘deciphering’ of
the so-called ‘genetic code’ also suggested for many a new research agenda not only to
reproduce a molecular process, but to produce or modify it: A new goal was to “induce
living organisms to produce new substances which they would not naturally produce”
by altering parts of their DNA molecules (Weingarten, 2001: 301). In informational
parlance, if the script to the ‘code’ was now available, it was imagined that this ‘code’
might also be ‘rewritten’.

Temporality	
  as	
  a	
  (Re)productive	
  Force:	
  Enzymes	
  	
  
Molecular transformations such as the manipulation associated with the
‘genetically-modified’ crops that have been farmed commercially since the mid-1990s
are based on this ‘re-writing’ of the code. In material terms, this means altering discrete
segments of the DNA nucleotides with the purpose of not only reproducing, but also
producing a new molecular substance. The starting point of this manipulation is always
146

In fact the Matthaei and Nierenberg experiment deals with RNA rather than DNA. RNA is synthesized
posterior to DNA, which is why the scientists took it as a closer precursor to the protein molecule they
were after (Matthaei and Nierenberg, 1961: 1580). However, the experiment still illustrates the central
point, which is that nucleotides (in this case from the RNA molecule) are seen as corresponding to
(‘coding for’) a particular protein molecule.
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a nucleic acid (DNA, sometimes also RNA), based on the principle, now established
experimentally, that a given sequence of nucleotides corresponds to a given part of a
protein as either the end point or the mediating molecule in the production of a
particular substance.147
The “referential technique” for doing this is known as ‘transgenesis’ and entails
taking the DNA segment from one organism/cell to put it into another (Brac and
Meunier, 2011: 13).148 As a practice for transforming living beings, molecular
engineering is similar to the Mendelian approach in that it is based on a strategy that
conceives of the molecules in question as discrete and independent of the rest of the
cell. But the point of intervention is different: In the Mendelian transformation, the
materiality of the plants, conceived of as discrete traits, was controlled by intervening in
the process of pollination i.e., at the level of the cell. In molecular transformations, it is
based on the ability to access the sub-cellular molecules and manipulate the DNA
molecule.
However, to transfer the DNA segment from one organism such as a bacterium
to another such as a plant, knowing the relationship between a nucleotide sequence and
the desired molecular transformation (i.e., the so-called ‘code’) was not enough.
Because molecules are so far removed from the scale of human experience, they cannot
be readily handled as can seeds or the flowers of plants (for fertilization) for which the
most sophisticated tools (depending on the size of the flowers to be pollinated) needed
are tweezers and a receptacle to collect the pollen, both of which are accessible to the
scale of the human body. The concrete tools to physically alter the sequence of the
DNA/RNA nucleotides were obtained by deploying enzymes, a class of molecules that
147

There are many details to the transformation process, especially depending on the (molecularly
defined) sophistication of the substance that is sought. For example, if the new substance to be produced
is (molecularly) similar to what the cell already produces, the DNA (or RNA) modifications may be
minimal. In other cases, if a plant cell is to make a substance that, historically, has only occurred in
animals, the modifications made to the DNA segment may be more substantial and complex.
148
Transgenesis as a ‘referential technique’ is in part related to the fact that it is the oldest, and the
standard (often also the legal) definition of what a ‘genetically modified organism’ is—a transfer of a
segment composed of various DNA nucleotides from one organism to another with the goal of achieving
a new molecular substance in the host organism. However, it is also only one of various other techniques
based on the same principles of altering DNA to achieve a new substance. For example, ‘mutagenesis’
seeks to mutate parts of the DNA of an organism rather than transferring it from another organism;
‘cisgenesis’ is the transfer of DNA within organisms of the same species; ‘methylation’ seeks to ‘silence’
DNA segments without their removal. For an overview of the various molecular engineering techniques
for modifying crops cf. Brac and Menuier, 2011; a longer overview of the development of biotechnology
with many technical details can be found in Mewell-McGloughlin and Re, 2006; many other details can
also be found in Murphy, 2007a; 2007b.
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are arguably the most important productive forces in molecular engineering. Their use
as the key tools of molecular transformation brings out a point usually obfuscated in
accounts of molecular engineering that have insisted on the ‘unnatural’ quality of this
type of transformation, such as molecular geneticists Ho and Ching’s statement that
“GMOs [genetically-modified organisms] are unnatural, not just because they have
been produced in the laboratory, but because many of them can only be made in the
laboratory, quite unlike what nature has produced in the course of billions of years of
evolution” (2003: 15; emphasis added).
Indeed, the molecularly modified organisms cannot be reproduced without the
practical abstractions afforded by a laboratory that provides an experimental setup
similar to that described in the Matthaei and Nierenberg experiment. Yet like all earlier
transformations, molecular alterations are still carried out by (very natural) living
organisms and their inner-cellular molecular interactions. This is especially clear in the
case of enzymes, which set off transformations within and among all living cells. While
non-living transformations can take place in their absence—for example, when carbon
dioxide is dissolved in water at room temperature, within the span of a few seconds it
becomes another substance, carbonic acid— in all living beings, the material
transformations of life do not take place without enzymes, from the digestion of our
food to the rapid transformations of the proteins in our muscles when they contract and
relax. For example, without enzymes, the transformation of ATP—a nucleic acid
segment that provides energy and regulates the activity of proteins such as the
contraction or relaxation of a muscle— would take several centuries; and without the
enzyme known as OMP decarboxylase, which in milliseconds is capable of producing
‘pirimidines’—one of the ‘building blocks’ of the DNA molecule in every living
organism—pirimidine formation would take 78 million years to complete (cf. Radzicka
and Wolfenden, 1995: 91).149
Enzymes are thus essential molecules in transforming the materiality of living
organisms. They transform organisms on a spatial dimension by creating new
substances such as nutrients, tissues, the release of energy, the reaction of a nerve cell,
149

Saying that a living process would otherwise take centuries or millions of years to complete is for all
intents and purposes the same as saying it would not take place because molecular transformations
happen within the framework of the life processes. Nevertheless these figures convey how important
enzymes are in molecular transformations. There are over ten thousand different enzymes in the human
body, each responsible for setting off, regulating and stopping a particular process (Morange, 1998:
255f.).
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and so on. And they also transform the temporal dimensions of living materialities—not
only in the sense of carrying out transformations rapidly, as just described, but also in
the key sense of creating ‘timely’ reactions that calibrate the temporal unfolding of
various processes in relationship to one another. This includes the regulation of the
production of pollen in a flower at the same time as the ovary matures in the pistil; the
gradual differentiation of cells in a developing embryo, or the beating of the heart
within the temporal frame that the organism requires oxygen when running or slowing
down. Enzymes are therefore temporal orchestrators that ensure that the transformation
of one substance into another can take place not only at various stages in the life of a
plant, but that the various life-times can also take place within the temporality of the
cell and its environment. Thus, far from an ‘unnatural’ process, manipulating molecules
has depended on procuring and deploying enzymes for specific purposes.
Reflecting their usefulness, enzymes of organisms attracted attention as tools for
the molecular transformation of organisms. For example, it was observed that when a
virus penetrates a bacterium, its enzymes cut up, or ‘cleave’ the DNA molecule of the
invading virus. These ‘cutting’ enzymes were therefore isolated from the bacteria and
deployed as transformative tools, as the (re)productive forces that could achieve a
desired molecular manipulation—in this case, the physical splitting of the long DNA
molecule (Newell-McGloughlin and Re, 2006: 46). The searches that have taken place
since the 1960s for enzymes with specific properties echo those of colonial and postcolonial botanists’ searches for

“desirable qualities” (Carleton, 1900) of farmers’

landraces in the late 19th and early 20th centuries (cf. Chapter 3). There are significant
parallels between both processes, since to achieve particular transformations of nature,
each method depends on using the existing multiplicity of living materialities as
(re)productive forces for accomplishing the desired material transformation—on the one
hand, the replication of a plant trait; and on the other, ca. 100 years later, specific
modifications of the DNA molecule. Like the original ‘plant hunters’ who traveled to a
very cold region in search of landraces (or later in search of trait-related ‘genes’) to
breed frost-tolerant crops, researchers who sought enzymes to withstand the high
temperatures necessary to split the nucleotide bonds of DNA in the lab cleverly sought
and found them among bacteria that live in very hot springs (McNewell-Gloughlin and
Re, 2006: 42).
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The reliance on enzymes as tools could be described as “micro-scalpels capable
of cutting the DNA molecule” (Tibon-Cornillot 2011: 147). But the analogy is
imprecise in the sense that a scalpel is guided by someone, while enzymes and their
precision can take advantage of some of the oldest processes in living nature as they
themselves unfold. Without any more human guidance than a farmer gives to a seed
when she sows it—and in that sense no more ‘unnaturally’—these enzymes created the
material framework for reproducing discrete metabolic processes of interest. That is,
they became central reproductive forces in the lab, achieving particular modifications of
the molecules rapidly and precisely: ‘Restriction enzymes’ to “cleave the DNA and a
ligase [enzyme] to close it up again, exonuclease [another enzyme] to degrade it and
DNA polymerase [enzyme] to repair it, while terminal transferase [yet another enzyme]
was used to make the ends of the DNA molecule ‘sticky’” (Morange, 1998: 188; cf.
Fruton, 1999: 452ff). Today, nearly 4000 such enzymes have been “well-characterized”
and over 600 are commercially available living tools for carrying out specific molecular
transformations (cf. Roberts et al., 2007: D269).
Likewise, most other steps involved in getting the DNA segment from the
original organism to its targeted ‘host’ entail deploying other life processes as
(re)productive forces at the cellular scale—enzymes, viruses and bacteria—as ‘vectors’
to physically transfer the DNA. This is summarized in figure 5.1 using one of the most
common examples of a molecularly engineered substance in crop plants: the
(re)production of an insecticidal bacterial toxin, known as Bt.
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Figure 5.2: The Role of Living Processes in Molecular Transformations
The following summarizes how a DNA segment corresponding to a molecular substance of interest can
be transferred from one organism to another. Other techniques also exist for accomplishing this, including
the replacement of some—not all—of the living processes by non-living ones. The point is to highlight
that in almost every step, living processes or living organisms are deployed to carry out the desired
changes. In this example, the goal is to transfer an insecticidal toxin originally produced by a bacterium to
a maize plant.
1.
2.
3.
4.

5.
6.
7.

8.

The entire DNA molecule is extracted from the bacterium, Bacillus thuringiensis (Bt) using
chemicals to separate the other parts of the cell, leaving only the bacterial DNA.
The smaller DNA segment that corresponds to the targeted substance is isolated using an enzyme
known as a ‘DNA polymerase enzyme’.
The isolated DNA segment is then inserted into the DNA of a type of virus known as a plasmid,
again using enzymes to ‘cut’ and ‘insert’ the segment.
The plasmid, now containing the DNA segment, is introduced into another bacterium,
Agrobacterium tumefaciens, chosen as a vehicle or ‘vector’ to transfer the bacterial DNA into the
plant. This is because Agrobacterium and the plant have a shared history of host/pathogen
interaction.
Now that the targeted DNA segment is in Agrobacterium, its ‘natural’ or historical ability to infect
many crop plants is used to transfer the plasmid into a maize cell.
The plant cells now contain the DNA segment originally taken from the first, Bt bacterium as part
of their own DNA, and begin to produce the targeted substance, the insecticidal toxin.
However, to go from a single plant cell to a plant without (the reproductive forces of) sexual
reproduction, the plants must be ‘regenerated’ using tissue culture techniques, that is, the ‘natural
ability’ of plant cells to regenerate into a full plant as would, for example, a potato tuber, aided
here by growth hormones.
The outcome of this process is a maize plant whose every cell (re) produces the insecticidal Bt
toxin.
(information adapted from: Campbell et al., 2003: Chapter 12)

Based on this figure, Ho and Ching’s earlier comment regarding the ‘unnatural’ process
that can only take place in the laboratory can be made more precise: While it can be said
that the laboratory context makes the molecular scale accessible to the human scale and
sets up the essential abstraction from the cell so that the discrete transformations can
take place, it is the age-old living processes that carry out all material transformations.
Of course, the transformation does not take place without the key societal ‘framing’ of
this material process— any more than the processes in an agroecosystem take place
without peasant farmers, from the cultural relations with nature to developing the
practical tools and strategies to transform it. But in both cases, the reproductive forces
continue to be living processes themselves.
With this assemblage of ancient molecular reproductive forces as physical tools
for manipulating the DNA molecule in vitro, a DNA segment could be transferred from
one organism to another with the goal of reproducing the same discrete substance in the
new host. An early example is the 1977 production of rat insulin by the bacterium, E.
Coli. To do so, the RNA associated with the production of insulin in the rat’s pancreas
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was identified. This RNA was then transferred to E. Coli, which could then also
reproduce the insulin protein (cf. Newell-McGloughlin and Re, 2006: 58).150 By the
early 1980s, similar techniques were being used to transform not only bacteria, but also
agricultural plants. However, as Step 7 in the above figure shows, there is a major
difference between transforming one-celled organisms such as bacteria, and
transforming organisms like plants that have billions of cells. When the bacterium is
modified, the entire organism is modified and will normally pass on its new material
properties to its offspring as it replicates. By contrast, because plants are multi-celled
and the transformed tissues are not reproductive cells, the plant’s own reproductive
force is not available to transform the modified plant cells into a plant organism. An
important difference between modifying bacteria and plants is therefore that the
modified plant cells must be coaxed to ‘regenerate’ into a plant through the ‘tissue
culture’ methods briefly described in Chapter 4.
The first molecular modification in plants was carried out in 1983 (NewellMcGlaughlin and Re, 2006: 64ff.). One of the earliest manipulations was the production
of the Bt toxin, which was worked on throughout the 1980s, modifying the DNA
sequences in Step 2 of figure 5.1 in order to make them more similar to those of the host
plants, thereby ensuring that greater amounts of the Bt toxin were reproduced. By 1990
this transfer process accomplished a crop whose every cell—roots, leaves, grain, pollen,
etc.— produced the toxin in concentrations high enough to be lethal to many of the
common pests such as the European corn borer, the cotton bollworm and budworm, or
the potato beetle. In the discussion below, I frequently take the Bt transformation as
exemplary of the molecular transformation of plants, similar to my treatment of f1hybrids in Chapter 4 as exemplary of the transformations by classical genetics. Crops
transformed to produce the Bt-toxin are amongst the most common molecularly
modified crops worldwide. Out of a total 130 million ha total molecularly engineered
crops commercialized in 2011 (cf. ISAAA, 2011), 58 million ha were sown with Btplants, of which maize was the most common modified crop, followed by cotton (24
million Ha in 2011). The second most common molecular transformation of plants are
those that have been modified for ‘resistance’ to herbicide applications. These two
150

The above is a barebones description of how the transformation took place. For example, an enzyme
called ‘reverse transcriptase’ transformed the rat pancreas RNA into DNA. Also, other transformations of
the E. Coli bacterium were necessary so that the latter would not only reproduce the insulin, but would
also excrete it outside the cell so that it could be ‘harvested’. In each transformation the exact
manipulation carried out may change.
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qualities make up over 99% of molecularly modified crops, as I discuss later in the
chapter.

Interpreting	
  Molecular	
  Transformations:	
  Precision,	
  History	
  and	
  Nature	
  
Bt-maize is a good illustration of how molecular transformations allowed
manipulating plants in ways that not only relied on different strategies than Mendelian
ones, but also of how the outcomes of the various transformations are materially
distinct. Perhaps the most important difference is that the targeted changes are not
defined as a quality of the plants as a whole (e.g., the classical ‘traits’ of Mendelian
genetics—hardiness, cold tolerance, high volume of grain produced, etc.), but the
production of a discrete substance such as the Bt-toxin. This distinction is not generally
mentioned or made explicit either in the breeding or the molecular genetics literature in
which breeders continue to refer to the production of molecular substances such as the
Bt-toxin interchangeably as either ‘protein products’ or ‘traits’. The murkiness arises
because the use-value of the substance is, of course, still associated with the plant as a
whole—i.e., what is (re)produced is the Bt-toxin but the use value of the plant is its
insecticidal ‘trait’.151 While empirically, there is not a clear way of distinguishing
between transforming substances and qualities of a plant or between substances and
processes, as I argue later in the chapter this practical/strategic definition is important: It
reflects the strategies used; the spatiotemporal framework within which the
transformation of nature takes place; and within which its new material qualities unfold.
The fact that molecular transformations are associated with the manipulation of
a discrete substance rather than a plant ‘trait’ (a quality relating to the plant as a whole)
has tended to create a widespread impression that molecular transformations are
somehow more controlled and more precise: For example, “life now appears to be open
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A good illustration of this is ‘herbicide resistant’ plants—i.e., plants whose use-value is tolerating
applications of herbicides without being killed. However what is reproduced to achieve this trait is a
specific enzyme, originally found in the bacterium A. tumefaciens. Thus, the transformation is based on
the production of that specific enzyme (substance), and not on transforming the plant as a whole. Another
illustration of this is the first commercially available molecularly engineered food crop, a tomato plant,
known as ‘flavr-Savr’ in 1994. The ‘flavr-savr’ tomato is associated with a use-value defined at the plant
level, as was typical of Mendelian transformations: An industrial tomato that could be picked ripe
because it would not spoil, and presumably therefore, a better-tasting fruit. But in terms of the process for
controlling the reproduction of the plant and obtaining these results, the molecular, substance-based
transformation was the inhibition or ‘silencing’ of a protein enzyme, polygalcacturaonase that is
associated with the decomposition of the fruit (Sanders and Hiatt, 2005).
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to shaping and reshaping at the molecular level: by precisely calculated
interventions…” writes Nikolas Rose (2001: 16). Wolfgang Haug also contends that
“[molecular] technologies continue to proceed as does living nature in the course of
evolution, but in such a way that it is not only a process left to nature and selected in its
result [i.e., as in seed selection] but has is target-oriented and accurate [zielbewußt und
zielgemäß]” (2001: 165). Is there, in fact, a sense in which the manipulation of
molecules renders the transformation of nature more precise or more controlled?152
On the one hand, Haug or Rose’s contention regarding precision could be upheld
by comparing Mendelian to molecular plant breeding: As discussed in Chapter 4, in
Mendelian breeding, if a trait of interest was identified in another plant, crosses were
made to transfer the trait—along, however, with many other ‘traits’ that were not of
interest. To achieve the transfer of the one discrete trait, several generations of crossing
the traits ‘back out’ were necessary, delaying the creation of the elite cultivar with the
new, single trait for a period as long as ten years. By comparison, there is indeed a sense
in which molecular genetics is more ‘target-oriented’, given the fact that the substance,
such as the Bt-toxin, is produced immediately upon transformation of the plant cells.
On the other hand, upon closer inspection, the claim to precision must be seen
critically. The production of the Bt-toxin is related to the particular way that the
transformation is defined, that is, how it is practically framed. The fact that through a
molecular transformation the Bt-toxin is obtained is not a reflection that the material
transformation of nature is more precise or exact; but rather that this is the way it is
defined from the (non-identical) perspective of production. From the production
perspective that abstracts from the living process, the Bt-toxin is reproduced and the
breeder has achieved her goal of producing a discrete substance. But as I discuss in the
next section, molecularly engineered organisms have been notorious for the many
‘unintended consequences’ related to the fact that when they are (re)produced, many
other substances are also produced along with them: Changing the nucleotide sequence
in the DNA molecule does not only reproduce discrete substances, but a number of
other transformations at the level of the cell, organism and environment, suggesting that
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Here, I do not use ‘control’ in the sense of assessing the effects of molecular engineering in terms of
environmental or health risks, etc. Rather I am referring to greater or lesser control over the manipulation
of the particular substance in question, such as how the Bt protein is produced in the cell of a maize plant,
from the moment the DNA nucleotide sequence is altered, until it is reproduced by the new cell.
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the organism is connected in ways we do not see immediately (we do not define)
through the productive-transformative context.
A further argument is that, as noted above, it has been extremely difficult to
practically ‘translate’ most of the typical ‘traits’ of classical genetics (such as ‘stiff
stalk’; ‘frost tolerant’; ‘early maturing’, etc.) into a corresponding molecular structure.
While in theory, any material qualities of the plant can be expressed in ‘biochemical’
terms—i.e., the molecular transformations that accompany the transformation of
substances in the cell— in practice the correspondences may be so complex as to make
them impracticable as molecular transformations: For example, in most cases, the DNA
sections are not contiguous; and despite the initially assumed universal quality of the
‘genetic code’, the same DNA sequence that is responsible for the production of the
substance in the original organism is frequently not the same as in the host organism.153
In light of this, according to a contemporary breeder, it is at present only possible to
achieve the typical (‘trait’) qualities of interest in the cultivation of plants through
Mendelian crosses but not through molecular transformations (personal information,
2012; cf. also Molina, 2010).
The impression that manipulating molecules is associated with greater precision
is related to the way that the life-sciences imaginary has permeated our ‘common sense’
notions of living phenomena. This is suggested by the everyday usage of phrases
suggesting that various behavioral tendencies, illnesses, health, etc. can be explained by
changes in a segment of the DNA molecule (our ‘genes’); or the assumptions that when
scientists discover new ‘genes’, we are taking a more precise route to understanding
something. Yet precision, in the sense of something predictable over time, is not related
to the molecular scale, but is a result of historical processes relative to one another.
Consider Commoner’s (2002) observation about how molecular processes unfold in
abstraction of the cell. He notes that in a living organism, the replication of DNA takes
place billions of times, every time a cell in our body is renewed. The DNA molecule is
153

A reason for this is that the structure or sequence of nucleotides in the DNA of one organism does not
universally produce the same process in another, as originally assumed by the notion of a universal
‘genetic code’. Recently, it has been suggested that as many as two thirds of human ‘genes’ (i.e., a given
sequence of nucleotides) ‘code’ for hundreds of different proteins (cf. Piotrowska, 2009: 846; Pan Shai et
al., 2008: 1413). An oft cited example is that a single ‘gene’ (a discrete sequence of nucleotides) in one of
the Drosophila fly species is known to code for 38,016 different proteins, an indicator of the
“extraordinary molecular diversity” (Schmucker, Clemens et al, 2000: 681), with “functional outcomes
[…] vary[ing] greatly, from effectively turning off a gene[…] to a subtle change in a protein’s function”
(David and Manley, 2008: 279).
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reproduced anew for every one of these billions of cells with a very high degree of
fidelity.154 Any ‘errors’—i.e., a change in nucleotide position—occur at the rate of one
for every ten billion nucleotides reproduced (Commoner, 2002: 44). By contrast, in an
in vitro replication of a DNA molecule to which the nucleotides are simply added with a
minimal number of enzymes that set off the process of the DNA replication, the ‘rate of
error’ is as high as one in one hundred (ibid.)—that is, one million times higher. He
goes on to note that this very high in vitro rate improves as soon as a number of other
enzymes are also added to the test tube—creating a cell-free context that nevertheless
recreates or ‘imitates’ more of the materiality of the cell. Now the ‘rate of error’
improves to one in ten million nucleotides that are reproduced (ibid.). This is an
enormous improvement, though still a thousand times less precise than a living cell.
Precision is a historically-defined context, in this instance the cell.
This underlines again that, as in earlier transformations of plant materiality
discussed in other chapters, transforming nature involves a process of imitating or
‘working’ with the well-rehearsed historical materiality of nature but also deviating
from it. The above description of working in greater or lesser abstraction of the cell
resonates with that of colonial botanists from the 16th century onward who were most
successful when they returned to Europe not only with the looted seeds alone but also
with as much ‘context’ as possible on the wider societal nature relations that reproduced
those seeds (cf. Chapter 3). It is a spatiotemporal pattern that holds, from the scale of
the agroecosystem to that of the cell, evoking the observation made in the early 17th
century by a staunch early advocate of rational experimentation in the domination of
nature, that “…we cannot command nature except by obeying her” (Bacon, 1620, Book
I, Aphorism 28).

Unintended Consequences and Temporality as History
Molecularly bred crops have frequently been associated with a number of
‘unintended’ consequences, that is, with transformations other than those initially
foreseen by breeders. One of the most common concerns is the production of non154

The replication of the DNA molecule takes place through an enzyme that ‘uncoils’ the two strands of
complementary strands. Each nucleotide on one side of the uncoiled chain is always matched up with a
new complementary strand opposite to it: cytosine couples with guanine; thymine with adenosine.
Commoner’s figures refer to the precision in this replicating process.
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targeted substances, which is why plants destined for human consumption are often
submitted to a range of tests to determine possible toxicity (Brac and Meunier, 2011).
Another problem is considerable variation in the amount of substances produced—
diverging as much as 100 times among the different plant lines, even within apparent
‘clones’ derived from the same initial cellular transformation. In other cases the targeted
substance may unexpectedly inhibit the production of other substances in the plant (Yin
et al., 2004; Hahakwa et al., 2000; Filipecki and Malepszy, 2006: 280). Moreover, a
further concern in food safety debates has been the ‘activation’ of the DNA segments of
viral origin which are known to be present in all organisms, but are normally not
‘expressed’, i.e., do not have a known adverse effect on the metabolism of the organism
(cf. Lantham and Wilson, 2008; Courtail et al., 2001; Ho et al., 2000). Unexpected
effects go beyond the cell or organism level, as transformed substances can be easily
transferred via the wind or water to other organisms, including not only plants, but also
frequently soil bacteria, even at very low concentrations (cf. De Vries and Wackernagel,
1998). 155
From the perspective of the dissertation, how to interpret these ‘unintended
consequences’? What do they represent from the point of view of the qualitative
changes to the materiality of nature? Regarding the peasant and the Mendelian
transformation of crops, I argued that new material forms were the result of reproducing
the material framework in which the plants had developed historically, but also
deviating from it tangentially, ‘stretching’ it in space and time. Thus, the peasant
transformation of crops was achieved by moving seeds in space, or sowing them earlier
or later to shorten the period till harvest in peasant reproduction. Mendelian
transformations deviated likewise by ‘exaggerating’, as it were, the fertilization patterns
of plants—cross and self-fertilization. The molecular transformation of plants would
appear to follow a similar mechanism, i.e., the rearrangement of a small percentage of
the nucleotide sequences in the DNA molecule of an organism. And yet, the many
‘unexpected consequences’ that stand out in contrast to earlier approaches to
transforming plants suggest that there is a qualitative difference vis-à-vis the
transformation in other periods; or that the ‘tangent’ along which the materiality of
plants is stretched deviates more strongly from the historical materiality of the plant.

155

For a recent compilation of several hundred published scientific abstracts on ‘unintended
consequences’ associated with molecular transformations, cf. Kuruganti, 2013.
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The unexpected results of molecular transformation suggest that the ‘tangential
stretch’ from the historical materiality of nature described in the dissertation in fact has
two dimensions that I have not made explicit in earlier chapters. The first is the
dimension of practical transformations: The process/practice of intervention in which
there is a tangential stretch in the immediate materiality that is manipulated, in this case
replacing a segment of nucleotides with another segment. But there is also a second
dimension of ‘stretching’ that is different and can only be expressed as a ‘stretch’ in
relation to the historical, i.e., temporal materiality of the plant. Thus, while the slight
rearrangement of nucleotide sequences may be slightly tangential on this first
dimension, it may represent a more significant deviation on other dimensions. In the
following, I review some of the common explanations offered by the natural sciences to
explain the unintended consequences of molecular transformation. I point out that while
many of them have offered explanations that center on the first dimension identified
above, they have ignored the second one.
A frequent way of interpreting the unintended consequences of molecularly
engineered organisms by molecular biologists has been to argue that molecular entities
that previously existed separately, as delimited by sexual reproduction, are now coming
together as one entity. In the words of geneticists Ho and Ching, molecular
transformations have resulted in unexpected risks given the
recombination of genetic material, [i.e., DNA] from widely
diverse sources that would otherwise have very little
opportunity to mix and recombine in nature. Some newer
techniques [...] will create in the matter of minutes millions
of new recombinants in the laboratory that have never
existed in billions of years of evolution (Ho and Ching,
2003: 32).
Horizontal gene transfer, the direct transfer of genetic
material into the genomes of organisms, whether of the same
or totally unrelated species, is by far the most serious safety
issue unique to genetic engineering (ibid.: 31).
The ‘widely diverse sources that would otherwise have very little opportunity to mix’ in
nature is expressed here in terms of bringing together the materialities of different
species. The logic is that because organisms classified as different species are generally
infertile when crossed— as Kölreuter discovered in the 18th century when he crossed
two different species of tobacco plants (cf. Chapter 4)—their materialities do not
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interact at a molecular level. Now, goes the argument, this boundary is transgressed as
maize plants produce the toxin of a soil bacterium, for example.
Counterarguments have been made against the position just presented. One is
that there is no novelty in this ‘recombination of genetic material’ given the well-known
process called ‘horizontal gene flow’ through which the DNA molecules of one
organism are passed to another outside of sexual reproduction. A frequently cited
example of horizontal gene flow is the presence of viral DNA (or RNA) sequences in
the DNA of non-virus organisms,156 with estimates that “well over 90% of the DNA in
most plant and animal genomes appears to be of exogenous origin” (Murphy, 2007b:
164). This argument implies that the transformations made by molecular engineering do
not represent a significant rupture with historical societal nature relations. Among
plants, it has been shown that wind pollination can lead to the exchange of DNA
materials even among distinct species of crops (cf. Ellstrand 2001: 1543f.), and can also
transfer the modified DNA to nearby weeds (ibid.; Arriola and Ellstrand, 1996).
The point is that both of these arguments—on the one hand Ho and Ching who
want to alert of the seriousness of cross-species nucleotide transfers; and on the other
Murphy, whose argument is meant to convey the innocuousness of transferring DNA
through non-sexual methods—consider the material ‘stretch’ only on the first dimension
identified above. Both of their arguments evaluate the significance of molecular
engineering from the perspective of discrete molecular spaces coming together, but
ignore what else this means from the point of view of the historical or temporal
materiality of the organisms in question. Even the more sophisticated observations from
the field of bioinformatics157 that conceive of organisms as a comparison of molecular
spaces while taking their ‘functional effects’ into account result in puzzling conclusions
about how organisms relate to one another. According to one example, while “virtually
all (99%) of the protein-coding genes in humans align with [i.e., have functional]
homologs in mice, […] only about 60% of the [worm], C. elegans genes encoding
proteins have clear homologs in C. briggsae”, another worm of the same genus
(Piotrowska, citing Stein et al., 2003).
156

As discussed earlier in the context of explaining how the DNA molecule is transferred from one
organism to another, viruses—which alone are incapable of reproduction— interact with their hosts by
inserting their DNA into the host cells that in turn reproduce the virus. As a result, a great amount of viral
DNA has been detected among non-virus organisms, including plants, animals and humans.
157
Bioinformatics is a field that uses algorithms to infer the existence of ‘genes’ on the basis of structural
similarities and probability models. (Piotroswka, 2009: 840ff.).
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These comparisons illustrate just how little explanations based on the notion of
molecular spaces coming together can actually express about the materiality of living
organisms. Especially when humans are involved, the comparisons become absurd,
almost comical: When we are told that human DNA overlaps 98% with that of
chimpanzees, and 75% with that of pumpkins (Piotrowska, 2009: 838), do those
percentages help us distinguish between a butternut squash and Chancellor Merkel? A
more convincing argument for the closer (molecularly defined) material proximity
between humans and pumpkins than between the two nematodes must be made by
taking other dimensions of living materiality into consideration. According to another
paper that provides an explanation for the molecular difference of the two organisms,
“although these species [C. elegans and C. briggsae] are of the same genus, their most
recent common ancestor existed 80-110 million years ago, and thus they are more
evolutionarily distant than, for example, human and mouse” (Hillier, 2007: 1603). In
other words, they are more or less distant, in time (cf. Figure 5.3).

Figure 5.3: Spatiotemporal Changes and the Molecular Level
The two nematodes, C elegans and C briggsae, suggest how little we
may be able to infer about the historical relationships between living
organisms if we conceive of these only as spatial differences, whether
on the level of outward appearances or on the level of the nucleotide
sequences in the DNA molecule if these are only understood as
overlapping, functional sequences. While the latter are 99%
homologous in humans and mice, between these worms the overlap is
only 60%.
image source:
http://wormclassroom.org/image/c-elegansand-c-briggsae

Instead, molecular sequences can tell us something but only if
interpreted in relation to what we may know about their common
history on other dimensions. One measure of these historical
divergences is the concept of a ‘molecular clock’, discussed later in the
chapter.

The incomplete picture that we get when we interpret transformations only on
the dimension of changes in space is not particular to the molecular level. The species
concept, also invoked above by Ho and Ching, as well as Murphy, is not a tidy one.
Here too, we find ambiguity in that the species concept defines life at the level of
populations of organisms, but critical assessments of the spatiotemporal ‘borders’ of
species suggest that the latter are in fact very fluid. In a fascinating study, Dupré argues
that the species concept, based on whether species can reproduce (sexually) with one
another, is not a rigid boundary (Dupré, 2002: 63). He discusses the problems with
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classification along the lines of species and the problems it poses in explaining the
evolution of asexually reproducing organisms like bacteria that nevertheless exchange
DNA amongst themselves (cf. also Ferguson and Heinemann, 2002). Dupré also raises
the issue that species conserve a phenotypic unity despite being isolated by long
geographic distances, or that in close proximity and despite long periods of
hybridization, other organisms continue to constitute different species, highlighting
other reproductive structuring patterns imposed on populations by local ecosystems
(2002: chapters 2, 3; and 63ff.; 72ff.).
By contrast, explanations that also consider the molecular transformations not
only as changes in spatiality but also as changes in the temporal materiality of the
organisms suggest that a major historical disjoint is entailed when nucleotide segments
are shuffled from one organism to another. Commoner suggests such an explanation as
to why the shuffling of DNA nucleotide segments represents much more than a
tangential stretch in the materiality of living organisms. He writes:
In an ordinary unmodified plant the reliability of this natural
genetic process [of DNA replication] results from the
compatibility between its gene system and its equally necessary
protein-mediated systems. The harmonious relation between the
two systems [i.e., between DNA and the (re)produced
substance/(re)production process] develops during their
cohabitation, in the same species, over very long evolutionary
periods, in which natural selection eliminates incompatible
variants. In other words, within a single species the reliability of
the successful outcome of the complex molecular process that
gives rise to the inheritance of particular traits is guaranteed by
many thousands of years of testing, in nature (Commoner, 2002:
46, emphases added).

When considering the stretching of the materiality of plants in time and space, it is this
temporal dimension, understood as a historical (or according to the concepts of
biologists, evolutionary) framework, that qualitatively distinguishes molecular
engineering from earlier transformations of plants. Interpreting Commoner’s argument
from the perspective of my analysis means that molecular engineering creates a major
discrepancy within a temporal framework in which the materiality of plants had
developed over ‘many thousands of years’ of repetition. It suggests that in evaluating
the stretch, it is necessary to take the entire materiality of the plant and its environment
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into account—across a range of spatial scales/dimensions and in time, as a repetition of
living processes, evolution. Only that way do we have an (historical) interpretative
framework for understanding how ‘much’ of a stretch a given transformation may entail
how far it deviates from the historical materiality of the plant. This is what Commoner
means when he underlines the harmonious relation between the DNA transformations
and the framework of the “protein mediated systems” of the cell (ibid.).
It is also possible to restate Commoner’s argument with some figures. Although
they remain limited to the dimension of nucleotide sequences, they nevertheless give a
sense of the rate of change and therefore not the stretch, but perhaps more precisely the
historical jump in the materiality of nature carried out through the molecular
transformation of organisms. Molecular evolutionary biologists have considered various
rates of DNA transfer, estimating that the exchange of DNA between two bacteria of
different species, E. coli and Salmonella occurred 100 million years ago at an “average
rate of acquisition” of 16kb (16 thousand base pairs, or 16 thousand nucleotides) per
million years (Martin, 1999).158 Compare this rate of transfer with the possibility of
transferring 90kb (a segment of DNA 90,000 base pairs long) of sorghum DNA into a
maize plant as part of a single transgenic manipulation (cf. Song, Segal et al, 2004).159
Put differently, a molecular engineering transformation of the magnitude of
typical laboratory transfers would have taken 5.6 million years ‘in nature’—that is, in
the historical temporality in which living processes have unfolded. Although these
comparisons only consider the structural molecular level, they nevertheless suggest that
DNA transformations should be seen as a major change in the temporal scale of nature
relations as defined by how quickly organisms changed in the past, meaning that they
are strongly compressing the materiality of nature on a temporal dimension. Here, time
must be considered not only as a sequence of time-series but for its structuring
character, that is, as historical time with a structuring effect on how the materiality of
nature has evolved. Although these comparisons are only comparisons of differences in
158

The length of the various-sized DNA molecules of an organism are measured by the number of
nucleotides or base pairs (one corresponding to each other in the helical strands, and thus forming pairs)
that form the DNA molecule. The size of a ‘genome’ (or total DNA) is then expressed as the number of
nucleotide base pairs. Kb (kilo base pairs) and Mb (mega base pairs—one billion) are common
abbreviations.
159
This is albeit based on a technique that allows the transfer of relatively long lengths of DNA
sequences, while transgenesis sometimes entails much smaller transfers of just a few kilo base pairs (kb).
Below, I discuss the comparisons of molecules (not only DNA) known as molecular ‘clocks’ which have
been used to arrive at the calculations just given and to understand the shared material history among
organisms in terms of similarities in molecular patterns.
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DNA among species and the rate of change and exchange of these molecules, and
therefore do not consider other dimensions of the materiality of the organisms they
compare, they give an impression of the historical stretch or jump in materiality that
may be involved in the manipulation of DNA sequences in abstraction of time.

Is This Still Nature?
While the foregoing discussion on ‘unintended consequences’ suggests that
molecular engineering represents an important historical break in the transformation of
plants, in this section I make a ‘counterargument’ of sorts, suggesting that on other
dimensions there is less novelty in molecular engineering than (the freakish creatures
that may) meet the eye. Here, I reengage with some of the ‘social nature’ scholarship,
presented in Chapter 1, and its assessments of molecular engineering. As discussed in
that chapter, there is a tendency in critical scholarship on nature to interpret the current
transformation of societal nature relations in general, and transformations of nature
through molecular technologies in particular, as a transgression of society/nature
boundaries in which nature is ‘produced’ to a greater extent.
One of the problems of ‘production of nature’ scholars’ “internalizing [of]
nature as a social product” (Bakker and Bridge, 2006: 9) is that the lack of a concept of
the materiality of nature results in erroneous evaluations about what molecular
transformations are or what they entail. For example, Neil Smith’s claim that “the
production of nature is being dramatically intensified and its dimensions multiplied”
(2006: 6) seems to be an evaluation of various issues, including the novelty of the
technology, its destructivity, or its unintended consequences:
Biotechnology allows science to bore into and transform the
core of specific life forms… On the one hand, new
commodities are produced, such as genetically modified
(GM) seeds, crops and other organisms, themselves
involving commodification on a completely new scale:
subatomic commodities such as laboratory-manufactured
genes [… or] the laboratory manufacture of genetically
transformed mammals. [...] The surgical and medicinal
applications of myriad new genetic commodities raise the
prospect of a cyborg world [as suggested by Donna
Haraway], that dissolves sharp boundaries between human
and non-human nature (Smith, 2006: 6).
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Although Smith insists that the production of nature is not new, his discussion implies
that the reasons for the ‘dramatic intensification’ of the production of nature are related
to molecular engineering and its creation of ‘laboratory-manufactured’, or ‘subatomic’
(sic) commodities.160 From the ‘social nature’ perspective that does not develop a
concept of a distinct materiality of nature, the transformations of peasant
agroecosystems through classical genetics appear as close variations on an old material
theme—the maize plant matured earlier; the wheat or rice plant had a shorter stem; the
vine of the tomato had fewer branches to allow for mechanical picking, and so on. By
contrast, the material qualities associated with molecular transformations appear as if
taken out of a science fiction novel: Bacteria reproduce human insulin; maize plants
reproduce the toxins of soil bacteria; and goats reproduce spider silk in their milk.161
Our sense of unease as to how to characterize these new materialities echoes that
of Joseph Kölreuter in the 18th century (cf. Chapter 3) who, in commenting on
Linnaeus’ descriptions of inter-species plant hybrids wrote:
I wish that Herr von Linnee had rendered a more appropriate
description [of an interspecies hybrid between Verbascum
thapsus and Verbascum lychnitis, two mullein varieties],
more according to nature than to his adventurous theory of
generation that goes against all experience (Kölreuter, 1766:
37ff.).162
Today, like Kölreuter 250 years ago, we make many unfounded assumptions vis-à-vis
materialities that also ‘go against all experience’: The materiality of spider silk has been
historically particular to the arachnid, not to the goat; the ability to produce human
insulin to humans and not to Escherichia coli. Like Kölreuter, it is tempting to
160

Smith’s assumption that prior to molecular engineering, crops were not produced in the laboratory is
not accurate. The breeding stations in which crops were developed since the early the early 20th century
also involved techniques inaccessible to non-scientists, and as discussed in Chapter 4 not infrequently
involved laboratory procedures such as irradiation. The characterizations of the new commodities as
‘subatomic’ is also imprecise. Not only are ‘genetically-engineered’ crops the result of manipulations at
the molecular level (rather than at the level of particles smaller than the atoms that are the ‘building
blocks’ of molecules); but even more importantly from the point of view of the social sciences, as I argue
below, the molecularly engineered commodities (as opposed to the reproduction of the molecules
themselves) are produced at the (social) scale of global industries and cannot be called molecular (or
‘subatomic’).
161
Animals have also been modified according to processes similar to those described above for plants.
Molecularly engineered goats currently exist that produce some types of spider silk in their milk glands
(Lazaris et al, 2002; Prince et al., 1995). The silk is of interest for its qualities, such as being five times
stronger by weight than steel, with possible applications that include replacement of ligaments in the
human body (Gould, 2002; Campbell et al., 2003: 32f.).
162
Kölreuter is referring to Carl Linnaeus (1707-1778), a prominent Swedish botanist who carried out
interspecies crosses of plants (cf. Olby, 1966: 3f.).
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spontaneously assess the new nature more like the nature we (think that we) know.
Although as argued above, the many ‘unintended consequences’ of molecular
engineering suggest a series of historical jumps in the historical materiality of nature
that are to be taken seriously for their potentially disruptive character, it is inaccurate to
see in the molecular scale a process of “radical encroachments upon life” (List, 2001:
123.), or as put by Smith earlier, as a process that “bore[s] into and transform[s] the core
of specific life forms” (Smith, 2006: 6). To suggest that the molecular scale represents a
process of radicalization is to adopt a kind of molecular determinism about having
reached an essence of life, the dimension where introgressions are per se fundamental.
As argued earlier, producing with nature always entails, or could even be
defined as, reproducing with nature in a non-identical manner. This process of
reproducing differently to produce is paradoxical: New transformations can be
achieved, but doing so largely entails ‘playing by the rules’ of nature rather than
anything that would be seen as its social production. Is the transformation of the weedy
cabbage into romanesco, broccoli and kale less ‘dissolving of the boundaries’ of society
and nature, as Smith puts it, than the production of a bacterial toxin by the maize plant?
Does tissue culture dissolve them more than tree grafting? A positive answer to these
questions would entail comparing the apples of peasant relations with the oranges of
high-tech capitalism. The novel element in the transformation of nature is the process of
making new dimensions of nature’s materiality accessible that previously did not ‘exist’
for us because we did not have material access to it, or because we could not define it as
such, even though it is a dimension that coexisted materially as an ensemble.
The reason that opening up a new molecular dimension should worry us is not
because it is a more radical or, according to Smith, more ‘social’ production of nature,
but because there is a thin line between (re)producing with the new material forms in a
transformative sense that encourages the reproduction of historical societal nature
relations; and between (re)producing them in a manner that is disruptive or even
destructive of these relations. Whether a process is productive or destructive seems to
be at least in part a question of the constellations in which nature has reproduced
historically, such that new constellations may create a strong disjoint, such as the
temporal/historical disjoint discussed earlier. The issue is then to analyze how the
materiality of societal nature relations is changing, for example, how the labor of
reproducing nature might be transformed; how nutrition and health have been
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transformed, and so on. To achieve this we must be able to analyze a distinct materiality
of nature as different from societal relations.
Moreover, as argued earlier, the continued reliance on the (re)productive forces
of nature in the molecular transformation of organisms also makes it difficult to write
off nature as more ‘social’ or ‘produced’, for it is largely through deploying living
processes of nature that its transformation is achieved; or to put it in terms that play
against the ‘production of nature’ argument: Production continues to be achieved
through the reproduction of nature. In earlier chapters, I have emphasized that to
understand the material transformation of nature, it is important to look beyond the
usual way that ‘technology’ is thought of, i.e., as a (social) tool that transforms an inert
materiality. Rather, a recurring finding in all periods/practices studied has been the
essential role of living processes as reproductive forces in the transformation of nature
itself: In the peasant transformation of plants, farmers took advantage of the seed form,
several hundred million years old, as the point of intervention and transformation of
what is usually thought of as ‘wild’ or pre-agricultural nature. Likewise, classical
genetics also took advantage of an even older process, that of sexual reproduction, 1200
million years old (Butterfield, 2000: 396). But in both instances, there was also an
interesting process of ‘negotiation’ of the extent to which living processes as productive
forces can also be replaced with non-historical and in some cases even non-living
productive forces. For example, as discussed in Chapter 3 it was possible to bypass
reproduction through seeds via grafting or propagation via tubers, to the extent that
plants sometimes even lost their ability to produce seeds (cf. Sauer, 2009). Likewise in
Chapter 4, the material constraints of transferring discrete traits via the plants’ own
fertilization process was partly overcome by using methods to reproduce plants that do
not rely on these historical processes: Induced mutations through the application of
chemicals, and the ‘cloning’ of crops and trees using techniques such as tissue culture.
In molecular engineering, there is also a similar pattern: First, the use of
enzymes relies on a productive force even older than seeds and plant sexual
reproduction, considered to be as old as life itself.163 And although the reproduction of
the initially-transformed cells must be coaxed into a plant via tissue culture, after the
initial transformation and the culturing process, it is advantageous to go back to the
163

Evolutionary biology proposes that enzymes were at the origin of living processes altogether, as the
first types of molecules that could carry out chemical transformations, even before the existence of living
cells (cf. Oparin, 1965; Black, 1970).
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historical reproductive forces: Sexual reproduction and the production of seeds. Thus,
the importance of the millions of years-old seed to the molecular transformation
enterprise is underlined by a breeder’s comments that “if each [molecularly engineered]
plant had to be regenerated through tissue culture, then molecular breeding could be an
unfeasible technology. It would not be done commercially” (2012, personal
information). Going back to the seed form is therefore a strategy through which an
entity that can only be produced in a laboratory with the aid of special equipment is
brought back into a spatiotemporal form—the seed—that can again be reinserted into
the historical nature relations such as those of farming.
In the molecular transformation of plants there are many examples of possible
‘trade-offs’ between relying on living versus non-living processes as productive forces.
An example is how the original cells are transformed. In plant transgenesis, the transfer
of modified DNA through living ‘vectors’ (cf. Figure 5.1 above) such as Agrobacterium
is limited to plants ‘naturally’ affected by Agrobacterium— i.e., to plants that have
historically interacted with Agrobacterium. Moreover, the method poses certain limits
to the transformation if the DNA sequences to be transferred are larger than the volume
of DNA that can physically be transferred by the bacterium cell. In these cases, methods
that do not rely on living processes can also be used, including chemicals to make the
cell walls permeable to achieve the DNA transfer into the cell (Step 5 in Figure 5.1),
allowing the transfer of the extracted DNA molecules through physical contact with the
cell; ‘microinjection’ of DNA into the plant cell nucleus; and ‘biolistics’—a word play
on ‘ballistics’—a propelling technique that was specifically designed for the molecular
transformation of plants in the late 1980s.
Non-living techniques are advantageous in that they are not constrained by the
materiality of the living ‘vector’ and its historical way of interacting with the plant, and
can thus be used on any type of cell and with longer DNA segments. But they have the
major disadvantage of being less precise and damaging to the targeted cell in achieving
the transformation desired (Gao and Nielsen, 2013: 4)—underlining again that precision
is a question of the historical repetition of life processes under a particular constellation.
For example, replacing Step 5 in Figure 5.1 through ‘biolistics’ relies on propelling
millions of the DNA-coated particles of tungsten or gold towards the cells, killing many
of them but sometimes successfully depositing the foreign DNA into some cells that can
then be reproduced in the culture medium (Murphy, 2007a: 272). As an overview of the
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current processes commonly used as molecular techniques to modify the materiality of
plants (cf. Brac and Menuier, 2011; Carlson, 2010; Murphy, 2007a) suggests, in
general, there seem to be fewer examples in molecular engineering in which the
transformative process has not relied on the materiality of nature as a key productive,
i.e., transformative, force. Biolistics is a way of physically moving the DNA from one
organism to another but itself does not accomplish a living transformation. There is no
equivalent of a comparable physical tool to replace the cleaving, joining and precise
transformations of the enzymes (Steps 2 and 3 in Figure 5.1) and especially the
interaction among living cells and between cells and molecules (Steps 3, 6, 7 and 8) that
actually transform the reproductive process of the cell.
Rather, to the extent that more is understood about the transformations of living
organisms at the molecular level and how these relate to the cell, organism and the
environment, a trend is to continue to rely on these new understandings to use them as
very specific reproductive forces in the transformation of nature. For example, once
mutations are better understood, they can be considered not random but ‘targeted,’
making use of a molecular process through which a cell normally modifies or ‘repairs’
changes in the DNA structure, resulting in a much more precise intervention of the
foreign DNA (Brac and Meunier, 2011: 17); alternatively, other techniques also provide
greater precision as to where the modification of the DNA in the host organism will take
place based on using new enzymes (known as ‘zinc finger nucleases’, ibid.: 19), that
improve on the transformation precision of either ‘biolistics’ or Agrobacterium.
Taking productive advantage of living processes as reproductive forces to
transform plants, however, does not necessarily mean reproduction in ways that
encourage life in the plant. As in classical plant breeding transformations in which
procedures such as inbreeding were harmful to the plants, here too some of the
productive forces are based on making productive use of the disruptions to the life
process of the plant. One example is the deliberate ‘silencing’ or ‘knocking out’ of
DNA segments with the goal of achieving the ‘expression’ of undesired ‘genes’, a
technique considered to be “a major component of the functional genomics toolbox”
(Bouché and Bouchez, 2001: 111). While the authors of the paper find that in many
cases the procedure does not alter “plant morphology” as defined by a visual
examination of plants (ibid.: 112) it does alter basic life processes of the plant such as
“distorted siliques [seed capsules], with seeds that germinate earlier than normal and, in

256

contrast to wild-type seeds, do not require light for their germination” (ibid.). In the
process of breeding, disruptive processes such as these may be explicitly sought out
because the disruption in the historical metabolic processes of plants is of interest as a
new quality that continues to push or stretch the historical materiality of plants and is an
important dimension of the difference between reproduction and production. In the final
section of this chapter I will discuss the relationship between productive and destructive
forces not from the perspective of the reproduction of the plants, but rather of
production with the plants.
	
  Living	
  Organisms	
  as	
  Absolute	
  Spaces:	
  Maps	
  and	
  Bytes	
  	
  
Before discussing molecular processes as part of productive relations in the next
section I discuss two further productive forces of molecular engineering. They are
different from those discussed so far in that they are not the principal means through
which the materiality of plants was transformed. They are examples of ‘translation
technologies’ (Haug, 2001), without which all that was described so far would be
confined to a small number of experiments in some laboratories, that is, it would not
have been able to ‘enter’ the spatiotemporal scales of social relations. Genetic maps and
microelectronic data processing are interesting because through them molecular
engineers are able to (temporarily) treat the molecular sequences of plants as true
absolute spaces: Both as relationships on a map, and as microelectronic data. As I will
show, the main effect of charting molecules as absolute spaces has been a compression
of space and time— not only relative to the future, but also to the past.
As discussed, molecular engineering is predicated upon defining and practically
abstracting (i.e., physically extracting and replacing) discrete parts of a molecule from
the complexity of the cell and of the organism. But the complexity of molecular
manipulation, even at the scale of a single cell, is not only in the minuteness of the
molecules, as emphasized earlier. Manipulation is at the same time a needle-in-thehaystack endeavor of daunting proportions because it presupposes that the sequence can
also be identified and located in the vast molecular spaces of the DNA molecule. For
example, to (re)produce the relatively simple—molecularly speaking—Bt-toxin in
maize, molecular breeders must identify the ca. 100 contiguous relevant DNA
nucleotides among the 5.2-million nucleotide base pairs of the Bacillus thuringiensis
bacterium. The latter must then be modified and reassembled in ways that better
resemble the structure of the maize genome that is 2.500 million base pairs long (de
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Rocher et al., 1998). Other transformations may be more difficult if the DNA
nucleotides to be transferred are non-contiguous or if they have to be modified in more
complex ways to fit into the cellular host. Moreover, the size of other genomes may be
much larger and therefore difficult to sort through. For example, the wheat genome is
150-170 billion nucleotides long, depending on the species.
Making the molecular territory navigable has its roots in the early geneticists
who sought to define the materiality of genes somewhere in the cell, as described at the
beginning of the chapter. In 1913, an undergraduate student at Columbia University
devised a first representation of a genetic space based on observable patterns on the
chromosomes of fruit flies, although chromosomes had not been conclusively accepted
as the physical location of material ‘genes’ at the time.164 Alfred Sturtevant drew a map
based on correlations between the observable transformation of the chromosome and the
‘traits’ of the flies, such as eye or body color.165 His graphical depiction consisted of
two parallel lines in a two-dimensional space, each gene representing a Mendelian trait
as a (relative) location on a chromosome (Fedoroff and Brown, 2004: 78). If ‘genes’
(i.e., the unspecified entities defined in relation to the observed traits) did not
recombine, it was inferred that they were physically closer on the chromosome and
were thus represented graphically to convey a “genetic or cartographic distance”
(Vorms, 2009: 164).166 While this representation did not define a precise location, the
‘genes’ were depicted in relation to each other. These first ‘linkage’ maps were a
departure from Mendelian inheritance patterns which had until then only been
conceptualized statistically, as abstract distributions of trait frequencies of phenotype
rather than genotype.

164

Prior to this, the representations (1905) of the new Mendelian order were the ‘Punnett squares’. The
eponymous representation conveys the notion of inheritance as conceptualized by Mendelian genetics. In
contrast to Sturtevant’s representations, it focuses on the phenotype of the plant or animal, rather than its
‘underlying’ genotype.
165
The chromosomes of plant cells had been observed microscopically since the mid-19th century, and by
the early 20th century theories about their role in heredity were being evaluated. Sturtevant could observe
changes in the chromosomes because the salivary glands of Drosophila (fruit fly) produce very large
chromosomes that are easy to observe and whose rearrangement patterns could be associated to certain
observed traits of the flies with active parts of the chromosome. Sturtevant observed how the
chromosomes physically twisted and intertwined, combining parts during cell divisions after fertilization
of a cell. Combined with knowledge about Mendelian recombination frequencies he then inferred the
(relative) distance of two ‘genes’, according to the likelihood of their recombination (Vorms, 2009: 161).
166
In sexual reproduction, the material DNA, located along various chromosomes recombines (from one
chromosome to another, or to a different location on the same chromosome. Sturtevant observed that
certain ‘traits’ were inherited together. If they were, it was assumed that they were physically closer to
one another.
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Upon the later observation of dark and light band patterns on the ribbon-like
chromosome structures in cell nuclei of fly salivary glands through a microscope by the
1930s, it was possible to begin superimposing upon Sturtevant’s relational map another,
more ‘physical’ map of the fly chromosomes based on the changes observed in the
actual chromosome bands when the flies were crossed or induced to mutate via X-ray
exposure (cf. Lewis, 2008). However, all further chartings of molecular spaces have
only been made since the 1970s, beginning with a very small bacterial virus whose
DNA was ‘sequenced’—i.e., the nucleotide order determined—for the first time in 1977
(Sanger et al., 1977).167 Analogous to a street map, however, the usefulness of a
physical genetic map is not only in the detail of the representation, but in its
correspondence to a real landmark, or in this case a so-called function of the DNA
sequence (or ‘gene’) in question: The production of a particular substance, or a ‘trait’ of
the organism as a whole.
Given the need to keep track of the complex interrelationships between DNA
and its correspondence to living processes in the cell or organism, from the beginning
‘physical’, molecular mapping relied to a large extent on the microelectronic processing
capacities of computers. The latter were used both for the task of keeping track of DNA
sequences thousands of nucleotides long, but also for ordering and identifying the
relationships between them to make the multilayered maps that would indicate multiple
correspondences among molecular processes and substances transformed in the cell.168
Like any other map that can always include fewer or more details about the terrain it
represents, a ‘complete’ map is an arbitrary measure because the actual mapping
function depends on the extent to which more knowledge between molecular structure
and living processes has been accumulated through decades of observations and
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The first non-viral organism was sequenced only in 1995. As of 2011 sequences of the entire DNA
molecule existed for slightly over 3000 organisms, 85% of which are viruses, 10% bacteria (always
single-celled) and only 36 eukaryotes, including all species of plants, animals and fungi (National Center
for Biotechnology Information, 2011). Among these dozen ‘higher organisms’ is the maize genome.
168
Protein molecules were sequenced earlier than DNA and they also relied on the use of computers to
semi-automate or to automate the process by using column chromatography, a ‘translation technology’
allowing the observation of the amino acids (building blocks of the proteins) moving at different rates,
and automated with a photometer (Stein and Moore, 1961: 83f.). Prior to this the sequencing of the first
protein, insulin, was a “herculean task” (ibid.: 82) that took 12 years to complete. The role of computers
in advancing molecular manipulations on proteins rather than DNA is related to the slow beginning of
DNA with the sequence order of a single ‘gene’ first described in 1972 (Min et al., 1972). By comparison,
in 1965 biochemists had already published the Atlas of Protein Structure, a type of yearbook, but
conceived of already as a database to be used with computers (cf. Hagen, 2000; Strasser, 2010).
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experimentations.169 Mapping rendered the spaces of living molecules as true absolute
spaces: A set of timeless landmarks on a map, and a sequence of binary digits.170 The
usefulness of this strategy based on treating nature as an absolute space via
maps/digitalization is that it compressed time and space, allowing the navigation of their
materiality in a different, and far more efficient, way. I will discuss two examples of
these ‘translation technologies’: Molecular markers and molecular ‘clocks’, showing
their use in the transformation of plants.
The DNA sequences treated as physical landmarks corresponding to some
dimension of a plant that is of interest to a breeder are known as ‘molecular markers’.
Markers are an important tool for classical breeding because of the spatiotemporal
‘compression’ they achieve as part of the breeding process. Trees illustrate the value of
this approach, since unlike crops with annual life cycles, if a tree is to produce quality
palm oil, strong wood or good almonds, many years must pass before these qualities are
at all observable. By contrast, if a nucleotide-based landmark associated with the quality
of great maple syrup is known, the breeder might know how to identify good syrup
from the time that the maple tree is but a seedling simply by sampling its tissue from a
leaf. In addition to this compression of breeding time, markers can also act as an
enormous compressor of space. As mentioned in Chapter 4, plants have been subject to
irradiation to cause mutations since the 1940s, a breeding approach that has led to ca.
3200 new registered plant varieties. But the fact that 60% of these varieties were
released after 1985 (IAEA, 2012) is directly related to the ability to use (computerannotated) markers to sort through ‘useful’ mutations expressed as molecular
changes.171

169

As of 2011, a ‘full’ map—including at least the sequence and the location of all ‘genes’— existed for
only 150 organisms, the vast majority of which are single-celled organisms (Genome News Network,
2012). There are many ways to represent this molecular space, ranging from graphs to annotated data sets,
diagrams tracking changes in time.
170
In contrast to my earlier criticism of the term ‘information’ to describe the metabolic process of
reproducing a metabolic function via DNA (cf. Chapter 2), the use of the term ‘information’ here would
be appropriate: I am not referring to DNA itself as carrying ‘information’ as part of the metabolic process
between DNA and protein; but to the fact that the nucleotide sequences (e.g., ATTGCCTAGAA) can be
treated practically as data, digitized, i.e., translated into electric sequences based on binary patterns), for
example as part of countless databases and digital ‘DNA banks’ available to molecular plant breeders (cf.
de Vicente and Anderson, 2006).
171
Murphy notes that while classical mutagenesis trials involved as many as 100,000 seeds that were
mutated (only ca. 50% survive irradiation), of which eventually 10-15,000 plants were grown, and
screened and crossed with elite cultivars over several years. By contrast, automated methods using robots
can screen mutations using far fewer seeds or plant tissues/cells. This is done by a computer that
simultaneously carries out laboratory processes involving the use of enzymes to ‘recognize’ DNA
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Perfectly capturing the analytical spirit of this dissertation, according to an
IAEA scientist (the joint breeding program of the International Atomic Agency and UN
Food and Agriculture Organization that carries out mutation breeding), the work of
mutagenesis invoking the microarray technique172 consists in “mimicking nature [… in
that] we’re concentrating time and space for the breeder so he can do the job in his
lifetime. We concentrate [i.e., speed up] how often mutants appear—going through
10,000 to one million—to select just the right one” (Lagoda, cited in Broad, 2007,
emphases added). Automations of this kind indeed concentrate time and space: In gasliquid chromatography (procedures that test chemical compounds in seeds as they pass
through a gas column) it was previously necessary to use 20,000 seeds and several
weeks of lab assays to perform a single analysis to detect a given substance such as a
fatty acid (Murphy, 2007b: 50f.). By comparison, the automation of these processes
through more sensitive sensors can detect many such samples from a single tissue
sample (of a seed, leaf, or other part of the plant). Then, with the aid of computers, the
analysis is automated and can be performed in minutes (cf. Sree-Rohit, 2010). These
compressions of space and time are important to create a link between the
spatiotemporal dimensions of societal relations and those of molecular interactions.
Molecular markers show that the value of molecular manipulation of plants is
not only in achieving molecular use-values (e.g., the Bt-toxin; resistance to herbicides),
but in transforming the labor of ‘traditional’ breeding of classical genetics. Thus,
breeders have noted that the greatest transformation of most breeding programs has not
been as a result of breeding for “molecular traits” such as the Bt-toxin, but in
transforming and making “more efficient” the practice of traditional breeding (personal
communication, 2012). Concretely, this means that traditional breeders, who manipulate
vast numbers of plants to develop an elite cultivar (cf. Chapter 4), can now to some
extent bypass the materiality of plants for parts of their breeding work. This has been
described as going “from a phenotypic [crop] selection assisted by markers towards a
sequences that are of interest. Such a machine can ‘test’ various thousand samples to yield a dozen
mutations of interest in the span of two weeks (McCallum et al., 2000: 440).
172
In molecular plant breeding an important computer interface is what is known as a ‘DNA microarray’,
‘DNA chips’ or ‘biochips’. These are silicon or glass plates on which computers (robots) can ‘test’ tens of
thousands of strands of different single-stranded DNA combinations simultaneously in order to detect the
presence or absence of a particular molecular pattern. The technique consists of automating processes that
would otherwise be carried out by technicians in the laboratory, but they are translation technologies
because they can handle thousands of different samples at a very small scale simultaneously. If the
nucleotide bases pair up (adenine with thymine; cytosine with guanine), then the DNA forms strong
bonds that are not easily washed off the plates (cf. Maskos and Southern, 1992).
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marker selection assisted by phenotype” (Bonneuil and Thomas, 2009: 448; cf. also
Moose and Mumm, 2008: 971f.).
The recent sequencing of the entire maize genome to produce marker
information at a cost of 31 million USD (Dolgin, 2009) reflects not only the crop’s
commercial importance but also the significant accumulated research on maize that can
provide not only a useful map but can also be used as a model organism in molecular
plant breeding. This uses the known molecular relationships of one plant to chart the
living processes of another (McCallum et al., 2000: 439; cf. Hardison, 2003). According
to breeders, computer simulation “provides a means for evaluating dynamic model(s) in
silico,” that is, another kind of projection of plant materiality into the future, but one
which bypasses having to test with a real living organism. It is “particularly useful for
comparing the process efficiencies without going through field experimentation, thus
saving both time and field resources” (Sun et al., 2011: 423).
Markers have been used not only for the regulation of processes in the future,
but also for understanding the present in relation to the past. Appropriately, these kinds
of maps have been referred to as evolutionary ‘clocks’. The theory of a ‘molecular
clock’ began as a comparison between homologous protein sequences (as sequenced
patterns of amino acids) in the 1960s (Dietrich, 2007). Measuring elapsed time and
assessing historical relationships on a molecular basis is founded on a similar principle
to that of the markers just described, allowing molecular evolutionary biologists to
create a historiography of plant relations by making inferences about how organisms
have developed similar or divergent metabolic processes, as inferred from their
changing patterns in molecular structure with relation to living species, the fossil record
or from archaeological remains such as charred seeds found in archaeological sites, and
so on (Pickersgill, 2007).173
Like the translation technologies such as X-ray crystallography that rendered
available the spatial dimensions of life from the vantage point of molecules, the
comparisons showed the relationship of maize to the histories of other organisms and
periods, weather patterns, etc., rendering temporal scales as vast as 70 million years
accessible to us in the present. While the examples of molecular markers show how the
173

Unlike other molecules such as proteins, the DNA protein is very stable and can therefore be
recovered in fossils, mummified tissues or bones as many as several hundred thousand years old (cf.
Dabney et al., 2013).
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maps are useful by setting the absolute space of the molecule in relation to the process
of breeding and its own spatiotemporal framework (such as the life of the breeder who
might not live to see the tree he bred were he to wait for the tree to produce seeds), in
the case of clocking, the map is useful because it sets the absolute space of the molecule
in relation to a living cell. The moment that this relationship is established, the
molecular representations can no longer be considered an absolute space.
The molecular ‘historiography’ of plants is not only of interest to scholars in
biology, but, in its new redefinition of plants, it is also useful as part of practical
breeding. According to Murphy, a breeding goal is to molecularly define the types of
material qualities associated with the ‘domestication syndrome’—i.e., the new types of
spatiotemporal regularization that characterizes farmed crops as distinct from weeds
(non-shattering seeds, greater synchrony, loss of seed dormancy, etc., cf. Chapter 3). In
theory, this would allow many species currently not reproduced agriculturally, to
become subject to ‘instant domestication’ (cf. Murphy, 2007a: 275ff; Pickersgill, 2007:
929). For others, using ‘clocking’ techniques to compare peasant crops and the types of
crops that were typical of classical genetics breeding might also allow plant breeders to
transform crops at a molecular level with the goal of attaining an ‘industrialization
syndrome’—that is, the molecular structures that would give insight into how to
calibrate the spatiotemporal framework of plants to the spatiotemporality of industrial
production including the ‘passepartout’ materiality (cf. Chapter 4) of “a wider range of
environments [and], modify[ing] their morphology for mechanized monoculture and/or
increase pest and disease resistance” (Pickersgill, 2007: 936).

Molecular	
  Production	
  and	
  the	
  Transformation	
  of	
  Societal	
  Nature	
  Relations	
  	
  
In the rest of the chapter, I address several aspects of contemporary production
processes and production relations as they relate to the molecular transformation of
organisms. Analyzing production involving molecularly transformed nature is
challenging because it is an unfolding process amidst contention regarding a relatively
new process. In discussing production in earlier periods, I relied on characterizations of
the period from the perspective of the Regulation Approach and in particular Food
Regimes scholarship. For the present period, however, there is less clarity in these
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analyses as to how to situate the molecular transformation of nature as part of a larger
transformation of societal nature relations.
On the one hand, there is disagreement within this scholarship regarding the
contours of the period. In Food Regimes, it is debated “whether this is actually a fullfledged, or incipient food regime, or simply a hangover from the previous regime”
(McMichael, 2009: 142). Although some have proposed characteristics of a Third Food
Regime (Burch and Lawrence, 2009; McMichael, 2009), they do not have the advantage
of historical hindsight to give a richer and clearer characterization, as was the case for
the First and Second Regimes. Current definitions of a new Regime (also called the
‘Corporate’ or ‘Imperial’ Regime, cf. McMichael, 2009; van der Ploeg, 2010) have
been largely based on political relations and/or valorization processes, including the
prominence of market liberalization and a specialization in which “southern states have
been forced to reduce agricultural protections and import staples, and export high-value,
foods” (McMichael, 2009: 148; 1996); the “influence of finance capital on the agri-food
system” (Burch and Lawrence, 2009; Pritchard, 1998); and specialized, flexible and
diversified agricultural sources and retailing (cf. Burch and Lawrence, 2009: 268;
Bonneuil et al., 2006: 36). Most prominently, unlike earlier periods these
characterizations have not focused on transformations in agriculture from the
perspective of production.174
Molecular transformations have sometimes been a focus from the perspective of
‘biotechnology’ as a “central technology for capitalist agriculture” (Pechlaner and
Otero, 2008: 352; cf. also Roobeek, 1987: 145), but the focus is exclusively on political
relations i.e., intellectual property rights and trade (Pechlaner and Otero, 2008: 352).
Other work identifies transformations in the economic sphere but as changes in
valorization processes through privatization and monopoly rents, understanding these as
processes of ‘dispossession’ (Zeller, 2010; 2008; Harvey, 2003). This is an interesting
process of valorization in the absence of production/transformation that connects to the
earlier discussion on absolute space, to which I return below.
In the following, I make three points: First, I identify patterns of production that
carry forward two elements identified by Food Regimes scholars as characteristic of the
174

An exception is what McMichael calls the ‘agrofuels project’ (McMichael, 2009: 155; 2010), in which
food crops such as maize or sugarcane are destined for the production of agrofuels. Yet, while this
describes a new use for crops such as maize, it does not entail a different way of producing it.
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Second Regime, arguing that the molecular transformation of traditional agricultural
crops (i.e., domesticated crops) does not represent fundamental changes in production
vis-à-vis the second Regime. At the same time, I also identify processes in which
agriculture continues to be the provider of inputs, but in which the production process is
very different from that of the Second Food Regime, and is not necessarily focused on
traditional agricultural crops. Second, I argue that in characterizing the period, attention
must be paid not only to the production of new use-values, but perhaps even more to the
role of molecular transformations as part of the productive process itself, in particular
regarding the changing relationship between the materiality of human labor and living
processes. Finally, I discuss the discrepancies between the high abstractions involved in
molecular reproductive processes and their spatiotemporal disjoint when integrated into
the different scales of broader production relations. I conclude the chapter by discussing
economic valorization in the absence of production as it has been facilitated by the
molecular definition of organisms as absolute spaces.

Molecular engineering: A new Mode of Agricultural Production?
When considering molecular transformations in the context of agricultural
production, ‘genetically-modified crops’ come quickly to mind. Our awareness about
them and the ways in which they differ from the crops of traditional breeding is related
to the fact that they have been the object of considerable contention and have been the
most publicly visible molecular transformation of living organisms. This sets them apart
from other products of molecular engineering such as algal cells producing food
additives, or the animal cells that produce human hormones (see below), about which
generally less is known. The apparent ‘weight’ of these crops is also magnified by the
fact that, almost 20 years after they began to be grown commercially, they occupy a
sizeable proportion of agricultural production: 130 million hectares (10% of total arable
land) are currently farmed with molecularly engineered crops, including soybeans,
maize, cotton and canola (Romeis et al., 2013: 222).
However, from the perspective of this dissertation, with the advantage of a
comparative perspective on the characteristic qualities of crops bred through classical
genetics, these molecularly engineered agricultural plants do not represent a paradigm
shift in agricultural production. This is especially the case when considering the
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materiality of the core food staples, including crops grown for animal feed; and the
materiality of the farming process itself. To illustrate this, I first discuss production
based on molecularly engineered ‘traditional’ (domesticated) crops, before describing
industrial processing on the basis of non-agricultural organisms. In this second process
there are in fact important differences in how production is unfolding—including the
novelty that non-plant organisms play a more important role than agricultural plants.
The two main qualities associated with commercial molecularly-engineered
crops—the production of the insecticidal toxin, Bt; and tolerance to various
herbicides—have not transformed how crops themselves are produced, that is, how the
crops are cultivated. Rather, from the perspective of production, these plants can be
described as acquiring two further Mendelian ‘traits’ by molecular means. There are
several arguments that support this. First, producing with herbicides or insecticides does
not add new cultivation qualities to the typical prototype of the plants in the Second
Food Regime/Fordist period; nor can the goal of molecular breeding be seen as an
attempt to replace the qualities associated with classical breeding (plant breeder,
personal communication, 2012). For example, the fact that Bt- or herbicide-resistant
maize are also f1-hybrids is an important point that is seldom brought up in evaluations
of molecularly bred crops but is obvious to maize breeders. According to the head of a
major public breeding program, insecticide resistance or herbicide tolerance are added
traits but not the central qualities for production. “The older agronomic traits are still
there, they are the basis for molecular breeding” (ibid.). As argued earlier, on the
dimension of how the plant reproduces, molecular transformations may represent a
fundamental historical break in the materiality of nature. But from the perspective of
production the qualities are not significant in transforming how we produce. This is a
good illustration of a process that is ‘empirically’ identical but reveals important
insights when considering production and reproduction separately.175
Second, the materiality of molecularly bred plants does not ‘offer’ something
very new in a context in which the Fordist characteristics of industrial farming—large
extensions, industrial processes, mechanization in sowing and planting, the use of
inputs—has not changed. Nor have there been attempts to re-create the materiality of
Mendelian crops on a molecular basis. In general, molecular transformations have not
175

It is also a rare example in which reproductive dimensions dominate our general understanding of the
crops, rather than vice versa.
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been able to ‘translate’ these characteristics into a corresponding molecular architecture
and achieve the same qualities through molecular transformations. According to a
molecular breeder, “the most important limitation [for improving on classical plant
breeding by molecular engineering] is the complexity of the plant biological processes
and agricultural traits of interest, which has been found to be higher than expected” (cf.
Molina, 2010: 182; cf. also Murphy, 2007b: 162). Accordingly, over 99% of the 130
million hectares of molecularly engineered agricultural crops have been molecularly
bred for the two qualities of herbicide resistance, the production of the insecticidal Bttoxin, or both (Christou, 2013: 125; Bonneuil et al., 2006: 37).
One may argue that what may seem difficult to engineer today may become
simple tomorrow, but from the perspective of the dissertation, the issue of molecular
simplicity versus complexity should not be understood as a ‘technological issue’, that is,
as an issue that can be resolved if, and to the extent that molecular engineering becomes
more sophisticated (for such an argument cf. Murphy 2007b: 162). Rather, it should be
seen as a basic difference arising from two different ways of (re)producing. As
discussed earlier, molecular engineering is an approach whose success as a
transformation technique is based on the ability to abstract greatly from the complexity
of the cell and to define and (re)produce discrete substances. But the other side of the
coin is that it is also an approach that not only has difficulty reproducing many
substances in complex combinations at once but more importantly, whose very
‘strength’ is not in doing so. In other words, Mendelian and molecular transformations
result in different materialities and are more or less productive relative to one another in
transforming the materiality of living organisms. From this perspective, molecular
transformations have a hard time ‘competing’ with the Mendelian approach to
transformation that relies on the plant itself as a productive force with 192 million years
of ‘experience’ (based on the age of flowering plants).
Thus, the typical ‘agronomic’ qualities associated with the production of the
crops themselves, including those for food and feed, continue to be produced through
classical genetics breeding. Exceptions to this confirm the rule: Currently, in some
countries a rice variety that has been molecularly engineered to produce beta-carotene
in the grain is being field-tested. Beta-carotene is a molecular precursor of the
reproduction of Vitamin A in the human body, and given the yellow color that it lends
to the rice grain, has been hailed as ‘golden rice’. This development has been presented
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as an example that molecular engineering is capable of breeding crops with important
nutritional qualities, setting it apart from the two common molecularly engineered usevalues of herbicide tolerance and insecticide production (Golden Rice Project, 2013;
Morin, 2008). Yet from the perspective of its way of (re)producing the beta-carotene it
is difficult to see it as such. In fact ‘golden rice’ is most like the insecticide-producing
and herbicide-tolerant crops in the sense that its molecular transformation centers on the
targeted production of a single new substance,176 while its basic materiality it still based
on the ‘high-yielding’ varieties developed in the 1960s with qualities very similar to f1hybrids in maize, as discussed in Chapter 4.177
Thus, while in the dimension of reproduction molecularly engineered crops may
represent a major disturbance to the historical materiality of nature, from a production
perspective, it is the Mendelian crops that remain the most recent ‘revolutionaries’.
Mendelian crops—along with the broader transformation of societal nature relations
that accompanied their assent—thoroughly transformed the materiality of peasant
agriculture. A similar transformation of agricultural production has neither been the
goal nor the material effect of molecular transformations. Yet given their novel usevalue qualities we tend to extrapolate this novelty to production as a whole. For this
reason it is important to keep the reproductive and productive dimensions analytically
separate, recognizing that from the logic of production they are not very different from
the crops bred through classical genetics. In reality the two dimensions of production
and reproduction are of course inseparable and we cannot ‘suspend’ the historical
disjoint associated with reproducing the molecular modified crops to say that the
molecularly engineered crops are old wine in new bottles. Yet the logic of keeping
production and reproduction analytically separate is to recognize the different kinds of
social relations implicated in how societal nature relations are created, which should not
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The rice variety is the result of the transfer of two nucleotide sequences, one from the soil bacterium,
Erwinia uredovora and one from maize (Xudong et al., 2000; Paine et al., 2005). Originally, the
molecular transformation entailed a daffodil DNA sequence in the place of maize, but the amount of betacarotene produced was 20 times less than later obtained by using the maize sequence. The beta-carotene
is produced by a combination of the metabolic processes set off by both, the bacterial maize and rice’s
own DNA (Paine et al., 2005).
177
Another example similar to ‘golden rice’ as an exception that confirms the rule is the planned
production of molecularly engineered poplar trees that have less lignin. A lower content of lignin
molecules in woody plant tissues is expected to make the extraction of sugars to be fermented to ethanol
more difficult. In this case it is not a discrete substance being produced, but being inhibited. This is an
example of a radical transformation of how trees reproduce, but it would not change the production
process of how the trees themselves are grown (cf. Purdue University, 2011).
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be seen from either the productive/societal nor from the reproductive/nature perspective
alone.

Molecular Production of Inputs
There is another area of production in which molecularly transformed organisms
produce discrete substances such as food additives, pharmaceuticals, aromas, fuels, oils,
etc. This type of production continues to associate “agriculture as a supplier of inputs”
carrying forward a central characteristic of the Second Food Regime (cf. Friedmann and
McMichael, 1989: 95). But in the new context, how these inputs are produced,
including the non-agricultural organisms that produce them and the production process
itself, is substantially different. As described in Chapter 4, the industrial grade for
maize, ‘No. 2 yellow,’ designated a standardized primary material that could be
processed into a wide range of substances through chemical reactions. On the
reproductive dimension this starch was reproduced as an f1-hybrid, that is, as a
standardized mass whether the maize starch was to be processed to coat paper, to fatten
cattle, to produce industrial adhesives and lubricants, or whether it was refined as a food
input such as fructose syrup or maltodextrin. The main productive quality was its
homogeneity, the carbohydrate structure that was to be later remodeled chemically.
By contrast, in this instance, the reproduction logic is just the opposite: The goal
is to transform plant organisms molecularly to produce the final substances—particular
starches, oils, proteins, etc.—directly. In terms of production, this means blurring the
distinction between ‘primary’ and ’secondary’ sectors, or substituting what used to be
two separate production processes by one, as the reproduction of substances already
coincides materially with the production of processed inputs. Homogeneity is no longer
important but rather the organisms’ capacity to produce the highly specific discrete
molecule substance in question. Moreover, production also contrasts with the earlier
period in that the primary material is not a single, ‘all-purpose’ materiality such as
hybrid maize, but a wide range of organisms, in particular also non-agricultural (nondomesticated) organisms including algae, yeast or bacteria. As in production during the
Second Food Regime, however, the end products are substances that may be used as
food inputs or additives such as oils, colors, proteins, or aromas (see below); or may
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produce other industrial substances, such as pharmaceuticals, industrial lubricants, or
fuels.
According to the new type of substance-oriented productive force, molecularly
engineered plants may in fact be more appropriate for producing non-foods than foods.
This is because plants have “an exquisite sensitivity to changes in their environment,
responding rapidly” in reaction to stress by producing what are known as ‘secondary
metabolites’ such as toxins to avert attacking insects, fungi, etc. (cf. Mazid et al,
2011).178 From the point of view of various industries, it has made sense to take
advantage of the plants’ historic molecular ‘metabolic pathways’ to (re)produce
molecular substances that are close to them: Insecticides, antivirals and the antiMalarial compound, artemisinin, are examples (Eng-Kiat and Bowles, 2012: 272). This
takes advantage of the fact that making these compounds has been perfected and
diversified in the plant world for 2.5 billion years (Caputi and Aprea, 2011). On the
other hand, organisms that were not traditional sources of human food, such as algae,
are also able to produce food-input substances such as flavors, anti-oxidants, proteins
used for food coloring, and edible fatty acids such as those in infant formula and
starches (Milledge, 2011; Draasima et al., 2013).
This type of production also redefines agricultural production in the sense that
the constellation of organisms associated with agricultural production expands vis-à-vis
a historical relationship with domesticated crops to include bacteria, algae, yeast, nondomesticated mammals, and so on, depending on the advantages of their particular
molecular architectures as productive forces. While production with non-domesticated
plants has, of course, long existed— wild herbs have been processed into medicines—
the difference is that the use of these new kinds of non-domesticated crops transforms
their materiality with a degree of malleability that is only comparable to domesticated
plants: Without requiring further transformation through human labor at each
production cycle, (e.g. curing the seed of a wild plant or fermenting it to make the
medicine) the numbers of new use-values reproduced by the plant expand greatly in a
way that is only comparable to their pliability through crop domestication. This reverses
the pattern observed in Chapter 4, from a decreasing number of plants transformed into
an increasing number of different use-values through processing, to the production of
178

‘Metabolites’ or substances reproduced (‘metabolized’) by living organisms are considered
‘secondary’ in the sense that they are not considered vital to the plant, such as its development or
reproduction.

270

new use-values directly by the plants and wherein the greatest flexibility in
transforming how plants (re)produce is not limited to domesticated plants, but is
expanded to those that have not been domesticated.
Moreover, there is great variation in the kinds of organisms that can produce the
same substance, constituting a type of ‘flexible specialization’ with advantages and
disadvantages depending on the type of organism. For example, in addition to the
molecular engineering of E. Coli to produce human insulin mentioned earlier, there are
currently patent applications for its production in safflowers (Belide et al., 2011: 1).
From the perspective of industrial production, the ‘simplest’ and best-studied singlecelled organisms E. Coli are ideal because this organism has been well-researched,
experimented and transformed for decades, as reflected in the fact that it currently
produces 30% of the molecularly engineered proteins used in pharmaceuticals
(Martínez et al., 2012: 695). On the other hand, a small and comparatively ‘simple’ cell
such as E. coli is unable to reproduce larger and more complex molecules, making it
disadvantageous if the ‘unfinished’ substances it produces require further chemical
processing.
In this case, more complex cells such as those of mammals may be useful in
their capacity to produce more complex molecules than E. coli. An example is hamster
ovary cells, currently used to produce various transgenic proteins such as the hormones
used in fertility medication (Dickey et al, 2002). At the same time, there is usually a
higher expense associated with keeping the more complex mammalian cells alive versus
the bacteria or yeast that reproduce in a few minutes in less demanding conditions
(Martínez et al., 2012: 965). Another good example of flexibility in the productive
process based on the materiality of the organism is algae. In addition to being singlecelled and reproducing quickly, algae are attractive because they can ‘source’ much of
their energy through photosynthesis and can fix atmospheric carbon as sources of
energy in the transformation of one materiality into another (Laursen, 2011).
Alternatively, the advantages of photosynthesis and the ability to produce even more
complex substances than algae (minus the cumbersome burden of growing in changing
and unpredictable environmental conditions) have been achieved by producing via
individual plant cells in abstraction of the plant. For example, paclitaxel, the compound
for the anti-cancer drug ‘taxol’ is ‘harvested’ from individual plant cells in a liquid
nutrient suspension or in tissue culture (Eng-Kiat and Bowles, 2012: 272). When cells
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produce substances in a vat, the harvesting process is comparatively easier than it is
when other substances (e.g., vaccines, antibodies, digestive enzymes for human
consumption) must be extracted from the tissues of plants since this adds another step of
labor to the production process (potato, lettuce, maize) (cf. ISAAA, 2007).
The broad and multidimensional variability of living materialities that can now
be ‘mixed and matched’ in a number of different ‘productive platforms,’ (i.e., living
organisms) has sparked new searches for molecules echoing the so-called ‘plant
hunters’ and seed-searching missions of the 19th and 20th centuries discussed in earlier
chapters. Funded by the US Department of Energy, experimental molecular engineers
like Craig Venter have combed the oceans in search of the living processes of microbes.
Venter’s team has claimed to have found “at least 1,800 new species and more than 1.2
million new [molecular] genes” (Lakhman, 2007). Moreover, unlike previous eras of
plant-hunting, non-domesticated plants are increasingly of interest: “The chemical
diversity of plants is much greater than any chemical library made by humans and thus
the plant kingdom represents an enormous reservoir of pharmacologically valuable
molecules waiting to be discovered” (Oksman-Caldentey and Inzé, 2004). But beyond
the library of chemicals as the sources of new use-values what is most interesting about
these examples is the fact that the new molecules are being used to transform the
production process itself, as I describe below.

Living Processes as Industrial Productive Forces
The transformations that I have described in which (mostly single-celled)
organisms are modified to produce new substances are usually referred to as ‘synthetic
biology’ (Carlson, 2010). The distinction between molecular engineering and what is
being called ‘synthetic biology’ is not clear (Morange 2009b), as both seek to transform
discrete living processes of organisms by reorganizing molecular sequences. But by
focusing on the role each plays as part of the productive process, the difference becomes
more precise: What is being sought with the notion of ‘synthesis’ is an engineering
approach to creating ‘parts’ or ‘building pieces’ that could be potentially reinserted
among various organisms (cf. Tucker and Zilinskas, 2006: 26; Morange, 2009b: 22).
The focus shifts from the transformation of molecules to create new substance-based
use-values to the substance as part of a ‘chain’ of many transformations of substances in
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which the interest is not the final substance-outcome, but the transformation process.
This is reflected in the terminology used to describe the transformations, including
“biological parts assembly” (Anderson et al., 2010); “genetic toggle switch” (Gardner et
al., 2000); or “epigenetic transgene switch” (Kramer et al., 2004), among others.179
Here, a new and important aspect of the molecularly transformed organisms in a
potentially new context of production is the fact that they can carry out the
transformations as productive forces that themselves transform the productive process.
One of the most interesting transformations in this context is the changing
relationship between human labor and the living processes of other organisms, in
particular microorganisms. Consider the example of one of the most commercially
important aromas that is now produced by molecularly engineered yeast: Vanilla. To
produce 1Kg of true vanillin in the form of a plant extract of Vanilla planifolia, 500 Kg
of vanilla pods are needed, meaning that 40,000 flowers of the vanilla orchids must be
pollinated by hand in countries such as Indonesia or Madagascar. Today, this type of
plant-based production corresponds only to 40 tons of the total vanilla aroma produced
worldwide, or 0.25% of the global market (Hansen et al., 2009: 2765; cf. Priefert et al.,
2001: 296). The rest of world consumption of vanilla flavors (in ice creams, cakes,
puddings, etc.) is the result of a chemically-processed molecule that results in a similar
aroma derived from other substances, in particular fermented lignin (a large
carbohydrate molecule found in woody plant cells) from the residue in paper processing
(since ca. 1936); and also by chemical transformation of the hydrocarbons in crude oil
(Hocking, 1997).180
179

On the one hand, the term ‘synthetic’ tries to allude to a sense of ‘artificial’ life that has been
‘engineered’ rather than reproduced (cf. Carlson, 2010: Chapter 4). On the other, it refers to the fact that
many practical applications obtain the necessary DNA sequences not by taking them from an existing
organism, but by synthesizing them chemically through chemical reactions. This is done by a ‘DNA
synthesizer’, a machine that draws from four bottles of the four nucleotide bases, Adenine, Guanine,
Cytosine Thymine, creating short sequences whose order is specified by a computer (cf. Tucker and
Zilinskas, 2006: 27). It is important to emphasize that DNA is the only type of molecule that can be
synthesized chemically because it is relatively simple, consisting of only the four different bases in linear
patterns. All other molecules such as proteins are not based on these combinations of four chemical bases
and are therefore virtually impossible to synthesize ‘from scratch’. The computers can neither create very
long sequences, nor are other processes, such as ‘glueing’ the pieces together, multiplying them, etc. to
work with them experimentally, done by the computer but by the use of enzymes. At the same time, the
chemical synthesis of DNA is an interesting example of the possibility to ‘bypass’ living organisms to a
certain extent by creating the short DNA segments without the need to extract or purify them from living
cells. The tradeoffs are in the relative imprecision of the machine. Today the segments can be bought
from many companies that specialize in producing them. The prices in 2013 are 0.25 USD per nucleotide
pair (cf. Gardner, 2013: 123).
180
As discussed in Chapter 4, the advantage of chemically transforming crude oil is that it is composed of
very complex hydrocarbon molecules that are useful because their large size allows them to be
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The molecularly engineered alternative to the 20th-century synthetic method for
producing vanillin involves molecularly-modified yeast cells. This new process is seen
as advantageous over the chemical transformation because the aroma of the yeastsynthesized molecule is closer to that of the cured vanilla pods; but also because of the
major advantages in the production process itself, particularly the potentially substantial
decrease in human labor once the cells have been transformed. Production consists in
the direct transformation of glucose (a simple sugar molecule) into the final molecule
substance, vanillin, by either of the yeast strains, Schizosaccharomyces pombe (African
beer yeast) and Saccharomyces cerevisiae (baker’s yeast) (Hansen et al., 2009). The
process not only entails far less labor than the cumbersome hand-pollination of orchid
flowers and curing of the aromatic orchid seeds, but also less labor than the 20th-century
chemical processing of vanillin. Chemical processing begins with the leftover material
of the paper pulping process. A waste byproduct of this process, ‘sulfite pulping liquor’
is fermented in several stages; then it is oxidated with air at a certain temperature and
pressure; this is followed by several processes of chemical and mechanical extraction,
purification through various other chemicals and filtration; finally, to obtain food-grade
purity it is crystallized and vacuum-distilled (Hocking, 1997: 1056f.). By contrast,
through the molecular process, a substance that is much closer to the original vanilla
molecule of the plant can be produced de novo—i.e., the yeast cells produce the final
vanilla aroma molecule requiring no further processing.181 Production takes place in a
medium of cheap sugar— that the authors of the paper note costs less than 0.30 USD/
kilogram (Hansen et al., 2009: 2766), in addition to the cost of the nutrients that keep
the yeast alive. 182
In Chapter 3 I noted that plant scientists have described the process of peasant
cultivation as farmers ‘taking over’ the living processes of plants through their labor.
For example, when a plant was gradually domesticated and selected to no longer
produce a toxin (against predator insects in its wild habitat), the farmer ‘replaced’ the
toxin through his own farming labor that protected the plant from insects (cf. Jordan,
chemically changed into other substances, including, fuels and plastics— but also substances such as
aspirin or vanillin.
181
The DNA of the yeast is modified with DNA sequences from fungal and human cells. But because the
vanillin aroma produced is in fact toxic to the yeast itself, the genome of the yeast was also modified to
avoid toxicity that would kill the yeast in the production process (cf. Hansen et al., 2009: 2766). This is
another example of the close material overlap between productive and destructive forces.
182
The yeast is nourished with a mixture of sugars, amino acids, and yeast extracts (cf. Hansen et al.,
2009: 2768; Treco and Lundblad, 1994).
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2002). Beyond the process of domestication, however, this observation regarding the
relationship between human labor and living processes in other organisms is very
interesting because it points to the fluidity of the labor process in reproducing living
organisms and producing with living organisms. It means, in other words, that in
production involving living nature, not only can human labor ‘replace’, to some extent,
the living processes of the plant/organism, but also that the organism can, to some
extent, ‘replace’ human labor. It is the ‘inverse’ of the domestication process described
in Chapter 3.183
In Chapter 4 I identified a similar pattern in the production of f1-hybrid seeds.
By breeding the so-called ‘male-sterile’ maize trait (plants that did not produce pollen)
into one of the ‘parent’ inbreds, it is estimated that the seed industry was able to save
ten million USD annually by replacing the 125.000 annual workers who had previously
removed the pollen-bearing flowers by hand. In comparison, molecular processes show
a stronger potential for replacing labor more generally, because they can be inserted not
only into processes for reproducing the plant itself, but also into industrial processes, as
the vanilla example shows.184 The major increases in productivity if this type of
production continues to gain importance in sectors such as the energy and chemical
industries could suggest that the present tendencies towards an extensive accumulation
regime (cf. Brand and Wissen, 2012: 12), including aspects that I will touch on below,
might be complemented by elements of intensive accumulation.185
183

Molecular engineers have stated that this is an explicit purpose of this kind of production. For
example, according to molecular biologists at the University of York, producing this way would move
away from “extensive low-input systems in developing countries by small-scale farmers and [the]
uncertainties [that] can lead to insecure supply chains” (Eng-Kiat and Bowles, 2012: 271). There are
some figures regarding the replacement of the labor of farmers in cases where the substance being
produced was formerly produced by farmers, such as in the case of vanilla. The Erosion Concentration
and Technology Group (ETC) has documented how this particular kind of production is replacing labor.
For example, they have compiled information estimating that the yeast-based production of vanilla could
affect 200,000 farmers in Madagascar, Reunion and Comoros alone. The production of synthetic rubber
by similar means would affect an estimated 20 million smallholder farmers throughout Asia; and the
replacement of Patchouli would affect farmers over 20.000 ha in Indonesia alone (ETC 2013: 6; cf. also
Pollack, 2013). It is a replacement of nature with an important spatial component in the sense that farmers
in the global South produced virtually all plant substances derived and processed directly from plants,
while their replacement is led by industries of the global North.
184
Examples of other living organisms in production processes other than agriculture include ancient
ones such as wine, beer and cheese making. However all of them worked within the constraints of the
historical materiality of the microorganisms. Through molecular transformations, these processes can also
be stretched in time and space. For example, bacteria have been engineered to speed up the aging process
of cheese, to change the texture of yogurt, alter the taste of wine or increase the potency of probiotics (cf.
Steele et al. 2013; Garrigues, 2013).
185
Regulation theory distinguishes between historical periods of extensive and intensive forms of capital
accumulation. The former refers to periods of low labor productivity in which capital is reinvested in
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There are several new qualities of the molecularly transformed organisms that
make them interesting from the perspective of industrial processing. A first one is that
the molecular transformation of the plants can effect changes that last considerably
longer than earlier transformations. In other periods, the transformations of the plants
were short-lived unless the labor of seed selection as part of farming, and later of
professional plant breeding, intervened. For example, as shown in Chapter 3, if a
peasant seed was no longer reproduced by farmers at each life cycle, the crop would
promptly return to the materiality of a wild plant, and/or would become a weed, its
spatiotemporal patterns no longer matching those of agriculture (shattering seeds;
dissimilar growth periods and other characteristics that are associated with the plants’
materiality reverting to the conditions that make a plant a ‘weed’ and not a ‘crop’).
Likewise, in the transformations through classical genetics, if the crosses were not
carried out before each life cycle, the particular material homogeneity of plants that was
achieved was undone within a single generation, as dramatically illustrated in the
spatiotemporal ‘fragility’ of f1-hybrids which do not preserve the material stability of
the ‘traits’ that the f1-hybrid variety had been bred for (meaning that farmers could not
save seeds from the harvest, cf. Chapter 3). By contrast, one of the particularities of
transformations via the DNA molecule is that, from the transformation of the first initial
cell, with each cell replication the new DNA, and the transformation of the plant that it
is associated with, also continues to be reproduced—despite the uncertain degree of
fidelity vis-à-vis the original process.186
On the one hand, the ability to change in time and space is common to all living
organisms. As argued in earlier chapters, this is what all manipulation with the
materiality of life has been based on, including selection and adaptation through
movement in space; as well as targeted pollination (inbreeding and crossing). It has
resulted in the ‘calibration’ of the plants to produce a stalk that was more rigid than
before, a shorter stem, or higher amounts of grain, and so on. As shown in earlier
chapters, however, this type of material stretch does not take place in any which form,
but usually follows historical patterns of the plants. For example, in Chapter 4 it was
discussed that when nitrogen fertilizer was first utilized as an input (as opposed to
production processes such as characterized production until 1930 in the United States and post 1945 in
Europe. Thereafter, Fordism was characterized as a period of intensive accumulation based on higher
labor productivity and a higher rate of consumption based on higher wages.
186
The uncertain degree of fidelity refers to the many ‘unintended consequences’ discussed earlier.
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compost or manure on the farm), the plants used the extra nutrients to produce a longer
stem and not necessarily greater amounts of grain, as was expected. This is the reason
that rice and wheat were bred for shorter stems, maize for stiffer stalks, and tomato
plants with shorter vines: It was a way of working within their historical material
constraints.
In molecular transformations, however, there is an important difference in the
sense that, by abstracting from the plant organism to such a high degree, there is a
historical jump in the materiality of the plants, as discussed earlier in the chapter from a
reproduction perspective. In the context of industrially processing the unicellular
organisms or individual cells deployed in the production process, this leap in space and
time is reflected in the fact that the cells can be calibrated to (re)produce according to
patterns that lie further from their historical materialities. One example of this is based
on the true engineering approach described earlier through which molecular processes
are approached in a manner to be interchangeable with one another. For example, in the
papers describing the transformation of yeast to produce vanilla, scientists work with
molecular transformations in different strains of yeast, optimizing the production
process on one of the two species but also speculating on how it may be used for other
organisms. Although the historical materiality of plants of course continues to define
the extent to which the molecular parts are truly ‘interchangeable’ the production
achievements are similar reproductive processes that facilitate a ‘flexible’ production
across a range of different organisms, including organisms of different species (cf.
Carlson, 2010: Chapter 2).
An important goal of this kind of production is frequently the ‘overexpression’
of the substance (cf. Eng-Kiat and Bowles, 2012: 272).187 In the terms of the
dissertation, ‘overexpression’ might simply be described as calibrating the reproduction
of the cells to the spatiotemporal scale of production. Thus, the engineering process
targets not only the final substance but also seeks to calibrate the organism in the sense
of optimizing production. In Hansen et al.’s paper that describes the transformation of
sugar into vanilla aroma through yeast, in addition to changing the molecular structure
of the cell to produce the vanilla, the two yeast strains, S. pombe and S. cerevisiae were
transformed to produce a greater amount of vanilla aroma by introducing a DNA
sequence from the mustard weed, A. thaliana, such that it is no longer “toxic to the
187

The term comes from ‘gene expression’ used to designate the reproduction of a substance.
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yeast cells and thus may be accumulated in larger amounts” (Hansen et al., 2009: 2765).
Moreover, the yeast strains were further calibrated to increase the amount of vanilla
aroma produced by ‘knocking out’ the DNA sequence that had led to a “reduction of
vanillin to vanillyl (sic) alcohol” (Hansen et al., 2009: 2765; 2772). Finally, Hansen
and colleagues describe in their paper how the final product in one of the yeast strains is
able to imitate the slow release of the vanilla aroma over time as happens with the cured
pods of the vanilla orchid by the enzymes in saliva or skin microflora. This has the
added effect that it facilitates the “storage and accumulation of higher vanillin yields”
(2009: 2766).
As the foregoing examples show, the much greater stretch in time and space
that is achieved through the molecular transformation of the yeast has many advantages
in the context of production. Compare, for example, how the production of vanilla is
increased by transforming the yeast strains, versus the production of greater amounts of
f1-hybrids described in Chapter 4. In that chapter I argued that increases in what is
known as ‘yield’, or the quantity of plant volume produced per area, could not be seen
primarily as a quality of the plant itself. Rather it was the result of a spatiotemporal
reconfiguration of the maize field in which the highly homogenous f1-hybrid plants
could be sown at very high densities. By contrast, from the perspective of production,
what is taking place here is a new quality of the living process whose flexibility in the
productive process can probably only be compared to that of human labor.188 Unlike the
f1-hybrid maize, in this case it can be said that increasing the amount of aromatic
vanilla molecules produced by the yeast was the ‘direct’ result of a spatiotemporal
calibration of the organism itself, the reproductive processes of the yeast become more
closely intertwined with that of the immediate production process.
However, when considering both human labor and the yeast reproduction
together in a process such as the synthesis of the vanilla aroma it is a novel productive
constellation. It is not a typical pattern in which the productivity of labor is increased by
replacing living labor with “dead” labor, as Marx sometimes calls it, i.e., a machine
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The transformation process of the yeast organism echoes the passage in which Marx notes that “as
different as the various useful labors or productive activities may be, it is a physiological truth that they
are functions of the human organism and that each of these functions regardless of its contents or its form
are in essence, the expenditure of the human brain, nerves, muscles, sensory organs etc.” (MEW 23: 85).
A similar description might be made of the organelles of the yeast cell: The Golgi apparatus and
endoplasmic reticulum (organelles of the yeast cell) that combine the synthesized vanilla molecule, and
so on (Campbell et al., 2003: 60).
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(MEW 23: 446), but the replacement of one type of living process (human labor) with
another type of living process (the life processes of yeast, bacteria, plant cells, etc.) as a
productive force.189 As part of the valorization process, the yeast cell remains a form of
constant capital, but it is at the same time a type of quasi-variable capital in the sense
that it changes production by the fact that (unlike a machine) it can be transformed and
it itself can transform the production process as a result of its living qualities.190
Following Marx’s labor theory of value, the metabolism of the yeast is not the source of
value, but increases the productivity of labor in a qualitatively different way than would
a machine, one (re)productive cycle after another: From the dimension of the labortransforming process, the yeast and human labor can be exchanged to some extent and
with interesting consequences. And from a valorization perspective the transformations
carried out by the yeast render human labor extremely productive. But it also rearranges
the entire constellation of the productive process from a valorization perspective given
the fact that it is a type of constant capital that can be used variably.191 The fact that the
yeast is a living organism makes it possible to also exploit not only the living human
labor power but also the yeast in a way that cannot be done with a machine. Here, the
presence of the yeast in the production process also replaces many of the machines and
equipment that were used to produce it through the 20th century chemical transformation
process.
The new qualities of living organisms in the context of production have been
captured with the analogy of a ‘formal’ versus ‘real’ subsumption of nature, parallel to
Marx’s distinction between a formal/real subsumption of labor.192 Boyd et al. (2001)
189

Thus although living labor and the living process of other organisms are to some extent
interchangeable, they also have different living qualities. In particular, it may be a unique quality of
human labor to reflect on herself and the quality of her labor as part of the process. As Marx notes, “a
spider carries out operations similar to those of a weaver, and through the creation of her wax cells a bee
puts to shame the best human building craftsman. But from the outset, what defines the worst craftsman
from the best bee is that he builds the cell in his head before [the bee] builds it out of wax” (MEW 23:
192f).
190
Constant and variable capital refers to differences in value creation as part of capital valorization
(MEW 23: 223f.). Viewed from the labor process, constant capital refers to means of production such as
tools, materials and machines and variable capital refers to the labor force.
191
Marx makes it explicit that the variability of variable capital is related to the living qualities of labor:
First, he notes that “it is a natural talent of the labor power of living labor, to receive value by adding
value [Wert zu erhalten indem sie Wert zusetzt]…” (MEW 23: 221); and later: “The part of capital that is
implemented as labor power does change in value of part of the production process. It reproduces its own
equivalent as well as a surplus, surplus value, which itself can change, becoming smaller or larger. This
part of capital is transformed from a constant mass into a variable one” (ibid.: 224).
192
Boyd et al.’s use of the term deviates from that of Marx in the sense that for them, the formal/real
distinction is related to non-living/living nature, rather than between one type of living nature (human
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propose that a real subsumption would be a quality associated with “biologically based
sectors that operate according to a logic of cultivation” and in particular with the
“manipulation of the genetic program, both through traditional breeding programs and,
more recently, through the application of new biotechnologies, such as recombinant
DNA techniques” (Boyd et al., 2001: 564). The result is that “nature …is (re)made to
work harder, faster, and better” (ibid.). The analogy is interesting not only because it
recognizes the role of living nature as a productive force in the process of valorization,
but from the perspective of the dissertation it underlines the unique ability to ‘stretch’ or
recalibrate living processes, whether of humans or of plants or animals (each in
different ways) and therefore their unique role in valorization processes due to their
living qualities.
By using this method to produce vanilla aroma, which has a market value of 180
million USD per year, it is expected that labor costs will be 1% of the cost of producing
vanilla aroma from the vanilla plant (Hansen et al., 2009: 2766). The value of the world
market for ‘flavor and fragrance compounds’ was 22.9 thousand million USD in 2012
and the company that is currently in the pre-production stage for the yeast-derived
vanilla to be marketed starting in 2014, is also developing similar processes for saffron
and stevia (Evolva, 2013). In all these examples, it is again, not the use-value that is
new, but the process of production and the flexibility in the use of living organisms—
not only in their ‘traditional’ industrial role as raw materials but as forces of production
that even allow for flexibility in the choice of other raw materials: For example,
according to an MIT Professor of Biological Engineering, using a combination of both
molecularly modified bacteria and yeast to synthesize liquid fuels, the source of the
‘biomass’ or raw material used to produce the new materials is flexible because the
yeast-bacteria symbiosis can break down maize, sugarcane, switchgrass or woodchips
without pre-treatment. Therefore “producers wouldn't be locked into only two
commodities such as sugar and ethanol. ‘It would allow you to switch your feedstock
and your product based on market pricing,’... it's something that is done in
petrochemicals [by using different hydrocarbon sources], but it hasn't been integrated
into biorefining yet” (Voigt, quoted in Austin, 2009). At the same time, to become a
part of production processes all of this must be calibrated to the spatiotemporality of the
labor power) and its different use in the context of production. “Under real subsumption”, that is,
producing with living organisms, “capital circulates through nature (albeit unevenly) as opposed to
around it. Biological systems are made to act as actual forces of production” (2001: 565).
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rest of production. Voigt therefore comments: "‘we need to improve our conversion
rates’ ... It's about 40-fold slower than sugar-to-ethanol, and we need to get to that point
through engineering the yeasts [that ferment the sugars broken down by the bacterium].
Once we do that, the fermentation aspects become economical" (ibid.), i.e., they will
have been calibrated to the current spatiotemporal scale of production.

A	
  ‘Fine’	
  Line:	
  Production,	
  Disruption,	
  Dispossession	
  
To conclude the chapter I touch on two further aspects of production based on
molecular transformations. First, I discuss how the spatiotemporal ‘recalibration’ of the
living processes of organisms in the context of specific production processes relates to
the wider materiality of production beyond the processing plant where substances like
yeast-synthesized vanilla are transformed. Looking at the broader context of production
relations highlights the spatiotemporal tensions related to how the abstraction carried
out in (re)production relates to other spatiotemporal scales. Finally, I address the
connections between treating molecules as absolute spaces and rent-based valorization
in the absence of real productive processes.
As discussed in this chapter, molecular transformations of living organisms
have been achieved through practical abstractions that have allowed very specific
transformations, usually based on the production of a discrete, molecularly defined
substance. Thus, the maize plant produced the Bt-toxin or the discrete enzyme that
made it ‘immune’ to applications of specific herbicides; and molecularly engineered
yeast produced a highly specific vanilla aroma with qualities closely calibrated to both
the final use-value of the product and to the production process. However, this precise
correspondence between production and reproduction is very narrowly defined. When
taken to a wider production context there are disjoints vis-à-vis the historical materiality
of which the living process has historically been part. Earlier in the chapter I considered
this disjunction between the materiality in which the organism was being reproduced
and its historical living entourage from the perspective of ‘unintended consequences’.
From the perspective of production I will argue that they can frequently be seen as
disruptive or destructive forces. I give three examples.
The first is a widespread phenomenon popularly known as ‘superweeds’. This
suffix connected to ‘weeds’ is related to the appearance of weeds immune to the same
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herbicides as are the molecularly modified crops. As discussed earlier, resistance to
herbicides is, along with the Bt-insecticide, one of the most widespread qualities of
molecularly engineered crops, with herbicide tolerant crops accounting for 93.3 million
hectares or 59% of the worldwide area planted with molecularly modified crops in 2011
(ISAAA: 2012). As a result of the historical process of ‘horizontal’ DNA exchange
between weeds and crops (cf. Kwit et al., 2011; Alstad and Andow, 1995), and the
widespread use of the molecularly modified crops, weeds are now resistant to the
herbicide that was originally meant to work against them. The introduction of herbicideresistant transgenic crops in the United States in 1994 was seen as a productivity
increasing measure, since farming with these crops would reduce the need for herbicide
applications (ISAAA, 2012). However, the process of hybridization of herbicide
resistant crops with weeds has itself turned into a serious productivity problem. In the
past three years, the surface area covered by glyphosate-tolerant193 weeds in the United
States has nearly doubled, from 32.6 million to 61.2 million acres, according to an
agricultural consulting agency (Stratus, 2013). The problem is not particular to the
United States but has affected all countries in which herbicide-resistant crops are being
grown (Altieri, 2009: 8). Moreover, toxicity has affected non-predators of the crops
such as butterflies and bees that play an important role in production as pollinators (cf.
Hellmich and Siegfried, 2001; Snow and Palma, 1997).
From the perspective of the dissertation, the problem of superweeds can be seen
as a tension between the high degree of abstraction in the living transformation itself as
part of a narrowly defined production process; and the insertion of the process as part of
wider production relations. In the case of the herbicide-tolerant crops this relates to the
way that the (re)production process is not confined to the modified cell or even plant
itself, but is based on the interaction of the crop with other organisms in the field. This
results in a mismatch between the narrowly defined production of the substance and the
production of the plant, which cannot entirely abstract from the larger ecosystem,
despite the many steps taken to minimize this mismatch (homogenize the surrounding
environment), as described in Chapter 4.
The example of superweeds is dramatic because of the major jump in scale
between the narrowly defined molecular substance and a plant growing in the field.
193

Glyphosate is one of the most common herbicides associated crops engineered for herbicide
resistance.
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However the problem exists on many other dimensions including even nutrition.
Consider the case of the so-called ‘golden rice’ discussed earlier. Its developers claim
that the rice was bred to produce the discrete substance of beta-carotene in greater
amounts, targeting undernourished humans who suffer from vitamin A deficiency.
Although this crop is not commercially available, it has been criticized in studies of beta
carotene intake on the grounds that this approach cannot fulfill the goal of improving
nutrition because beta-carotene can only be converted into vitamin A in the body of an
already well-nourished person who also eats enough fats in her diet (Pixley et al., 2013:
280ff.; cf. also Lewontin, 2001: 369). Moreover, there is evidence that this type of socalled ‘biofortified’, molecularly engineered crops can lose their beta-carotene content
over time or during cooking (Pixley et al., 2013). Here again there is a ‘mismatch’ or
disjoint between the reproduction of the discrete substance and the fate of the substance
in the different spatiotemporal scale of human reproduction.
A further example underlines the fact that for the molecularly produced
substances to be useful, they must be reconciled with the scale of the industries that the
input-substances form a part of, including the other materials that are also part of the
production process. For example, the production of agrofuels through algae has
generally been seen as advantageous in terms of energy use. It is assumed that the
unicellular plants consume less energy because they can photosynthesize; that they can
save resources by being grown on wastewater; and that they do not compete with food
production (cf. Rowbotham et al., 2012; Milledge, 2011). However, these
characteristics refer to algae in their natural, that is, historical environments.
(Re)producing with them in other industrial environments, at other scales, is associated
with a high consumption of resources such as fertilizers, water or land. Thus, a recent
study compared production with algae to that of switchgrass, canola and maize farming,
finding that the ‘traditional crops’ have a considerably smaller negative effect in terms
of energy use, greenhouse gas emissions and water use, regardless of cultivation
location than the algae (Clarens et al., 2010: 1813). This unexpected change by
increasing the scale of (re)production to an industrial one is interesting because it is
related to how the materiality of production is affected depending on the scale of
production. Just as a good cook (who has cooked for a lot of people) knows, recipes
cannot simply be increased linearly. There are differences that result when the
ingredients are increased due to the differences between surface and volume; the flow of
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heat in how the food material is transformed, and so on. In the algae example, scaling
up algal production had similar unexpected scalar effects regarding the amounts of
water used relative to sunlight and surface area, the sources of nutrients for the algae at
large concentrations, etc. (Clarens et al., 2010).
Nevertheless, associating production at the molecular level with a tendency
towards fewer materials or even a so-called ‘de-materialization’ has been a common
assumption of scholars writing about molecular transformations. For example, referring
to microelectronics, ‘new materials’ and (molecular) biotechnology, Roobeek contends
that

It is characteristic of the new technologies that they all
contribute to energy-, material- and employment-saving
innovations as a result of the miniaturization and
‘dematerialization’ tendency. The latter term is used to
describe the tendency to produce more of higher quality with
less physical and material input in shorter production chains
(Roobeek, 1987: 142, emphasis added).
Roobeek’s comment is a good example of a point that has been made throughout the
dissertation regarding why it is important to make an analytical distinction between
production and reproduction. Her reference to a process of ‘miniaturization’ recognizes
that reproduction based on microorganisms or with microelectronics entails a process at
a smaller scale, but incorrectly assumes that, when taken to the wider scale of
production at the level of industry, the ‘miniature’ scale remains or that there is even a
process of ‘de-materialization’. Similar assumptions have been made by other scholars
such as in a recent study of concentration in the seed industry in which the author
chooses the term “immaterial property regime [Immaterialgüterrecht]” rather than
‘intellectual property rights’ claiming that the latter is an “incorrect analogy” that would
designate the molecular transformation in crops as “tangible property [Sacheigentum]”
(Brandl 2012: 604).
In the context of productive or reproductive transformations of molecules there
is no moment in which molecules could at all be considered to be immaterial. This
would not even be the case for molecules when they are treated as if absolute spaces in
the form of genetic maps and databases. This is because, to be treated as absolute
spaces, there is a material translation of the DNA sequence into a sequence of
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microelectronic circuitry. Especially in the case of mapping associated with molecular
engineering, the storage, management and analysis of microelectronic data has been a
notorious energy- and material-intensive endeavor given the magnitudes of molecular
spaces and therefore the complexity in modeling processes such as “protein dynamics in
cellular environments, drug design, large-scale bioinformatics analysis, and simulations
for predictive medicine” (cf. Davies, 2012). For example, the three billion nucleotide
base pairs of the DNA molecule in humans, when translated into computer data,
corresponds to ca. 100 Gigabytes (GB) (cf. Bisciglia, 2009) for which some of the data
processing hardware with the highest capacities currently available are used. The
specialized computer firms that provide these data services to genetic engineering
researchers for mapping very large molecules such as “prediction and design of protein
interactions” typically employ a highly material (and energy costly) operation,
involving over one thousand servers (i.e., networks of computers) and 8.75 terabytes
(one terabyte is equal to one trillion bytes of data) (Davies, 2011; ETC, 2011: 17).

Valorization without Production— to What Extent?
The ability to define organisms as absolute spaces has been important for
bringing them into the economic sphere, albeit not as part of real production, but as part
of rent-based valorization, in particular, patents. This can be seen as another example of
a disruptive process in the sense that it has been a way of restricting access to a common
resource that is essential to human/social reproduction, impinging also on the right of
farmers to save, sow, exchange and sell their seeds (cf. Kastler, 2011; Then and Tippe,
2009). The process that led to the patenting of organisms is not unrelated to the ability
to define organisms in an abstract manner in which their ‘genes’ (i.e., DNA nucleotide
sequences) are considered patentable although the living organisms are not. It was in the
famous 1980 case, Diamond vs. Chakrabarty that the US Supreme Court ruled that
patenting microorganisms was possible given the fact that ‘life is largely chemistry’
(Calvert and Joly, 2011: 158, emphasis added).194 Prior to this, very few patents had
been granted on genes.195 By contrast, as of 2011 the 2000 patents that have been
194

This was a patent making a claim on a molecularly transformed microorganism to degrade crude oil.
In the European Union it was only with the Directive 98/44 of 1998 that patents on living organisms, via
their “genes and combinations of genes and their functions” became legal (Kastler, 2011: 25).
195
For example, as part of a (process) patent for breeding male-sterility (lack of pollen production) for
hybrid maize production in 1973 (cf. Chapter 4) a patent was granted on the sterility gene. But these were
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granted on ‘entire’ molecular genes (DNA nucleotide sequences) as well as 50,000
more on gene segments (smaller DNA sequences) from 1982 onward have been on the
basis of practically, and therefore also legally, defining the living properties of
microbes, plants, insects, animals etc. as chemical compounds, that is, as non-living
spaces (ibid.: 161ff.).
To profit from a patent on a molecular sequence it is necessary to modify the
organism, for example, to describe a DNA sequence and a corresponding substance, but
it is not necessary to produce with it in the sense of creating new use values such as
algal fuel or vanilla aroma. Moreover, to be granted a patent, it is sometimes only
necessary to make the case that a given DNA sequence on a molecular map corresponds
to a living ‘function’ in the organism (Meinenberg, 2011: 23). A good example of this is
the current patents claimed on molecular sequences associated with plant characteristics
such as drought, saline soils, frost tolerance—i.e., qualities deemed useful in the context
of climate change—simply on the basis of computer models. As a result of this
approach that assumes that a model plant can be used to predict homologous sequences
in other crops, the amounts of patents claims have increased rapidly: As of 2010, they
included 261 patent ‘families’ for a total of 1663 different patent claims on climeaterelated qualities in which the patents extend to all “substantially similar genetic
sequences” across different crop species (cf. ETC, 2010: 8f.). While the granting of the
patents means that the crops can be valorized each time that licensing fees are paid or
royalties collected are from the use (as well as misuse or unintended use, cf. Kastler,
2011) of a molecular sequence, this need not be accompanied by a real productive
transformation.
Thus, despite the fact that many of these patents are being granted and are
considered very advantageous due to their broad coverage that guarantees a monopoly
on using the genes to transform living organisms,196 as of 2012, there was only one
clearly patents on Mendelian genes i.e., on traits, not on molecular descriptions (Calvert and Joly, 2011:
160). Other legal systems governing property rights based on breeding include most prominently UPOV
(International Union for the Protection of New Varieties of Plants) according to which Plant Variety
Certificates (PVCs) are granted on the basis of ‘morphological’ descriptions that correspond more closely
to the definition of a Mendelian trait. UPOV was first signed in 1961 and only began to be implemented
in the following decade.
196
An internet-based search for the patent applications shows that several of the patents have been
granted since the applications were filed. However, a representative search was not carried out. The
definition that recognized molecules as absolute spaces, i.e. as ‘chemicals’ is seen as very advantageous
because ‘product protection’ gives the patent holder the right to prohibit use of the ‘chemical’ product
whether or not the patent holder has recognized or disclosed new uses (Calvert and Joly, 2011: 161f.).

286

variety of a drought-tolerant molecularly modified crop variety that was commercially
available, although several others are in the field trial stage in the United States (cf.
Gurian-Sherman, 2012: Chapter 3). According to the head of a public breeding
program, the difficulty in achieving these traits molecularly is the same as why other
typical ‘agronomic’ traits have not been easily achieved through molecular breeding. As
discussed above, this is related to the complexity of ‘translating’ the traits as a DNAbased sequence (2013, personal information). Nevertheless, it continues to encourage
breeders to favor breeding techniques that are likely to lead to a patent (Murphy, 2007b:
162).
The rent-based valorization of nature on many scales, from DNA sequences, to
seeds, ecosystems have been the subject of recent attention among scholars (cf. Santilli,
2011; Gómez-Baggethun and Ruiz-Perez, 2011: 620; McAfee, 2003). For some, these
types of rent-based monopolies are “a central form of the appropriation of resources”
(Zeller, 2008: 87; Zeller, 2010; Harvey, 2003), or even a constitutive part of a new
organization of agriculture, “provid[ing] a means for further corporate concentration
and integration” as part of a Third Food Regime (Pechlaner and Otero, 2008: 352; cf.
also McMichael, 2009: 157f.; Mascarenhas and Bush, 2006). From the perspective of
the dissertation it is difficult to add to the characterizations of the present period but the
research findings suggest the importance, first, of not separating processes of
valorization from the larger context of productive-transformative processes; and second,
of considering the current developments from a comparative perspective.
For example, production during the first Food Regime is an example in which
emerging seed laws, analogous to patents today, led to an enormous process of
privatization simply through a legal registration of variety deemed acceptable (on the
basis of claims to quality or sanitary regulations) and the parallel ban of non-registered
varieties from the market, as briefly discussed in Chapters 3 and 4 (cf. Flitner, 2005;
Kastler, 2003; cf. also Kloppenburg, 1988 on seed certification). While a detailed study
of this process is needed, certain figures suggest that in that period the process of
“accumulation by dispossession” (Harvey, 2003) may be similar or greater than today.
For example, Flitner notes that in Nazi Germany, ‘purification work’ that outlawed
peasant varieties “swept away over 90% of existing varieties from the market. At the
same time, the 1934 seed legislation also regulated all kinds of seed trade, limiting it to
breeders and certified multipliers”

(2005: 177). And yet this period was also
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accompanied by an emerging productive interaction with the materialities plants, in
which classical genetics breeding was beginning to have an impact on plants and
processes of (re)production.
This is an example suggesting that we may be too quick to evaluate or
characterize the present period without knowing exactly how many of the ongoing
conflicts to shape current societal nature relations will develop, including the
relationship between production and valorization without production. While some
scholars see in the appropriation of nature through rent-based valorization a central way
of relating to nature at the moment (Zeller, 2008), others predict that in addition to this,
new transformations of nature will “provide the nervous system of a new phase of
capitalist accumulation” (Smith, 2006: 18) through an “intensive [in the sense of
regulation] production of nature” (ibid.:16), involving both new biotechnologies but
also rent-based valorization. Yet any of these tendencies may be difficult to ascertain at
the present given that these productive-transformative processes are only beginning to
‘develop’—that is, they are the object of many societal struggles from the laboratory, to
social movements, to state institutions. In the conclusion of the dissertation I come back
to some of these questions by looking across the three research chapters. Having
addressed the transformation of nature in all three periods I approach the issue via the
question raised in Chapter 1, regarding the notion of a ‘regulation’ (stabilization,
regularization) of societal nature relations as defined by the Regulation Approach.
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6. Conclusion
The seed is one of the richest and most pregnant
metaphors […] You can talk of the death of the seed,
but merely the obsolescence of information […]…
science as a knowledge system thrives on
obsolescence, a modern kind of forgetting, privileging
one kind of knowledge against all other forms.
Visvanathan, A Carnival for Science, 1997: 56f

The dissertation has argued that ‘how plants grow’—or more generally, how
living nature changes—is an important question for the social sciences. Beyond the
recognition that nature has “regularities whose appropriation or transformation for
human purposes does not take place at will” (Görg, 2003a: 119), the goal was to
understand how we nevertheless shape nature, the strategies developed to do so, and
how, in turn, new material constellations also frame societal relations. Although ‘how
plants grow’ is usually a question approached by the natural sciences, the intertwined
materialities of society and agricultural nature analyzed in the previous chapters suggest
that nature’s materiality is not tangential to social science research and social science
theory. In my analysis, I have highlighted the material links between living nature and
production processes, showing that how nature reproduces is deeply intertwined with
how we produce—that is, how we transform—nature.
The analysis in the previous chapters was the result of an original methodology
that approached the materiality of agricultural plants, but also their relationship to
societal processes and societal relations, as historical variations in spatial and temporal
dimensions. This created a novel lens for approaching the materiality of agriculture.
Given the closeness of my research findings and this methodology, in the following I
begin by reflecting on its usefulness. I then readdress the three central questions of the
dissertation, in turn: The practices and strategies used to transform agricultural plants;
the central characteristics of how they were transformed at each period; and the
‘interaction’ of society and these living organisms in productive processes. In addition
to summarizing some of the central research findings, I also include some additional
reflections that bridge across all chapters. I close with some observations regarding
scientific definitions of nature, reflecting on the role of both the natural and the social
sciences.
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Temporality	
  and	
  Spatiality	
  as	
  Dimensions	
  of	
  the	
  Materiality	
  of	
  Nature	
  
In capturing material dimensions of nature, a challenge was how to do so
without resorting to the theoretical framework of the natural sciences (cf. Chapters 1
and 2). Using the framework of the natural sciences would have been problematic in the
sense that the latter has no common conceptual base with social science theory and has
sometimes resulted in analyses in which the distinction between nature and the natural
sciences’ representations of nature were not reflected; or in terminology that can only be
used metaphorically but not used in a strong analytical sense (e.g., ‘information’,
‘gene’, ‘biological’, etc.). As presented in Chapter 2, my proposal was to develop
spatiotemporal concepts to be used both as research tools in capturing the distinct
materialities of society and nature; and as analytical categories in writing the
dissertation itself.
A first advantage of the spatiotemporal categories was their role as research
tools that brought out dimensions not considered or made explicit in other scholarship.
For example, without using the spatiotemporal terminology, previous research can be
seen as emphasizing either spatial or temporal dimensions only. Thus, the peasant
transformation of nature through seeds has frequently been seen from the very modern
optic of heredity, highlighting a transformation in time, but not in space. By contrast, in
Chapter 3 I emphasized the importance of spatial differences, however small or gradual,
in the transformation and use of peasant seeds. By focusing on the potential to use seeds
by moving them in space, I argued how the peasant materiality of plants was taken
advantage of, even in contexts that were no longer peasant, but that continued to use the
peasant materiality productively, such as the industrialization of the United States in the
late 19th century (cf. Chapters 3 and 4).
A further advantage of the spatiotemporal categories was their versatility as
analytical categories. They were useful in capturing a broad range of material
dimensions in nature, from molecules to agroecosystems; and expressing them in
relation to social and/or human practices and the scales at which they take place. In
some cases they showed discrepancies—for example, as peasant seeds that had
historically migrated very slowly across agroecosystems presented problems for the first
‘plant hunters’ who based their colonial plantation enterprises upon the seeds’
adaptation to new environments at unprecedented speeds (Chapter 3). Or instead, they
allowed capturing how the life cycles of hybrid maize or a yeast fungus were ‘re290

calibrated’ to the spatiotemporal scales of contemporary industrial production (Chapters
4 and 5). Moreover, since the different materialities of nature and society could be
analyzed in their spatial and temporal dimensions, it makes sense that the two categories
were also useful in describing the practices and strategies used by peasants and
scientists to transform the materiality of agricultural plants. This includes the
‘translation technologies’ used to make the miniscule but also vast molecular spaces
available (Chapter 5); or the Mendelian reconceptualization of the plant as if an abstract
set of ‘traits’ whose materiality could be stabilized by self-fertilization, that is, by ‘recycling’ the same materiality in time (Chapter 4).
The spatiotemporal terminology was also useful for engaging with other
scholarship in both the social and natural sciences. For example, it allowed me to
engage with Food Regime scholarship by re-expressing parts of their political economy
analysis in terms of the spatiotemporal categories. This permitted linking production
processes as described by these scholars with dimensions of nature that I had also
captured in spatiotemporal terms. Moreover, the spatiotemporal categories also
facilitated engaging with various scientific literatures (e.g., agroecology, plant
physiology, classical genetics, and molecular genetics), both by incorporating their
interpretations of the materiality of nature as part of my analysis, as well as for reacting
to them critically. For example, in Chapter 5 the categories helped evaluate explanations
made by natural scientists regarding the ‘unintended consequences’ of molecularly
engineered organisms, identifying that approaches that only took spatial dimensions
into account may not necessarily be capturing the major material discrepancy that seems
to be primarily a temporal one. On this basis I chose to incorporate only explanations
that made the temporal dimension explicit, but interpreted them not from the framework
of evolution, but of history. Thus, through the abstraction made possible by the
temporal categories I was able to engage with a phenomenon that would generally not
be seen as something to be addressed within the social sciences (i.e., what makes
molecular engineering ‘risky’) without leaving the realm of social science theory.
Beyond engaging with scholarship in the natural sciences, it could be
worthwhile exploring whether the spatiotemporal categories are also useful for research
on other topics involving living nature, and perhaps even as part of interdisciplinary
research with the natural sciences. The latter would be facilitated by the usefulness of
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the abstract quality of the terms for capturing various dimensions of both the materiality
of nature and of societal processes through common analytical categories.

	
  The	
  Research	
  Questions	
  Revisited	
  
In the following I summarize important arguments in relation to the three
research questions and add some additional reflections regarding how the dissertation as
a whole intersect with existing research.
I begin with the research question identifying the practices and strategies for
transforming nature. The central finding in this regard was that the strategies or
practices of transforming nature in each of the three periods entailed, above all, working
with nature itself. In other words, transforming nature meant using it as a productivetransformative force by practically redefining it according to its own ‘logic’. This was
not an intuitive or expected answer given that the transformation of nature is usually
only understood as a technological question, as a social ‘tool’ to transform nature.
However, the perspective of the dissertation that centered on the materiality of nature
brought out the fact that, even in the technically sophisticated transformations of
molecular engineering, the key transformations were still carried out by some of the
most ancient natural entities processes including enzymes, viruses, or microorganisms,
relying on the specificity, speed and accuracy of how molecules have interacted in the
cell for billions of years (Chapter 5). The same pattern applies at another level to the
18th century European ‘plant hunters’ who discovered that they had better chances of
exploiting the collections of seeds that they gathered by also reproducing the seeds’
original agroecosystems—including the knowledge of peasant farmers, who were often
therefore exported along with the seeds (Chapter 3).
At the same time, to transform or produce with nature, the living processes of
the plant were not taken ‘as is’. Production was not only based on following the
historical processes through which particular materialities of nature had developed, but
also on deviating from them in some way, a process I described as ‘stretching’ them
tangentially in space and time. As argued in Chapter 3, scholars who have seen the
resilience and dynamism of peasant agriculture as based on an ‘imitation’ of the
multidimensionality of non-agricultural nature are partly correct. But they do not
capture the fact that peasant agriculture is also based on a permanent process of
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differentiation in two senses: First, as an historical and ongoing process of
differentiation from particular constellations of nature; and also as a societal process of
differentiation through the production of new use-values. These two processes of
differentiation are expressed plastically by the vast increase in use-values reproduced
that has accompanied a vast reduction in the number of crops that have been reproduced
since the beginning of agriculture.
At the same time, even the process of differentiation was still based on
historical material patterns of nature. In the peasant context, for example, the central
‘axis’ of differentiation was seeds. In the hands of peasant farmers, the seed itself is the
material ‘lever’ of transformation, embodying a hiatus in the life of a living organism
that is otherwise in a perpetual state of transformation. The break in space and time
provided by the seed allowed a transformation of the plants based on their movement
across space to new agroecosystems (soil, climate, plants and animals); and in time by
shortening or lengthening the time to maturation or adapting the crops to new seasons.
In later periods, the transformation of nature was still based on re-creating a
spatiotemporal hiatus as a strategic point of ‘leverage’ for the transformation of the
plants: In classical genetics, the spatiotemporal pause was approximated through the
process of inbreeding or self-fertilization. This was not a true break, but greatly reduced
variation in time and space. Likewise, in the molecular transformation of organisms a
spatiotemporal hiatus was re-created by the manipulation of molecules in abstraction of
the living cell, both through in vitro transformations, as well as molecular ‘mapping’, a
technique that translates sequences of nucleotides in the DNA molecule into digital
signals. In each period the process of differentiation whose point of departure was a
spatiotemporal

hiatus,

distinguished

reproduction

from

production—or

the

transformation of nature to create new use-values—in widely different contexts, from
the hundreds of thousands of local peasant landraces to the hydrocarbon (fuel)producing algae.
Identifying such material regularities was the basis for addressing the second
research question characterizing the transformation of nature in each of the periods
studied. Contextualizing the research questions in three different periods was based on
identifying three distinct approaches to transforming the materiality of agriculture in
relation to production processes/relations. However, by spotlighting one major
transformation in each period, I did not make explicit how various practices of
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transforming nature nevertheless coexisted in a given period. For example, the peasant
production of agriculture, i.e. plant domestication, did not take place in a single
transition but was a gradual, back and forth process that still continues at present among
non-agricultural societies (Murphy, 2007a: Chapter 3). More importantly, I did not
underline the fact that in many parts of the world seeds continue to be reproduced by
peasants and play an important role in maintaining local and regional food security. For
example, since the 1960s it can be estimated on the basis of gene bank accessions that
peasants reproduced at least 2.2 million distinct varieties of crop plants (FAO, 2010:
55), a number that must be much higher, considering that gene banks have not captured
all of peasant farmers’ seeds.
Likewise, despite new practices in which the seed form is not central to the
transformation itself, it is interesting that all interactions with agricultural nature,
whether peasant, Mendelian or molecular, continue to engage with the seed form of the
plant. On the one hand, this is related to the importance of peasant seeds for the
reproduction of the crops bred by genetics as the source of all ‘traits’. Even for
molecular breeding that would appear to bypass the living organism to manipulate
discrete molecules, the latter do not exist abstractly but are found in cells; and cells are
found in plants whose reproduction, even after regeneration via tissue culture depends
again on the seed (cf. Chapter 5). On the other hand, no matter what the practice of
reproduction, for the vast majority of agricultural production the seed form is also a
way of ‘reconciling’ all new practices of production—such as the thousands of hectares
of monoculture maize producing a bacterial toxin—with the historical process in which
cultivation begins by putting a seed into the ground. The importance of cultivation via
seeds is unquestioned by developments in which some substances are cultivated from
individual cells as inputs because the latter do not, or cannot, (re)produce food staples.
As discussed in Chapter 5, the issue of production based on the molecular
transformation of cells is not a question of technological sophistication. It is a
fundamentally different reproductive force than the living processes that result in
growing leaves, building flowers, interacting with other organisms and all the other
qualities that have reproduced the materiality of agricultural crop plants.
At the same time, the question of production is not only a question of what can
be produced—but also of how societies want to produce. Here, too, it is impossible to
see each period studied as corresponding to a single vision of production. For example,
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in recent years seeds have become the material roots, both practical and symbolic, for
many movements seeking to redefine the way societies (re)produce, consume, eat, the
way that cities relate to the countryside, and our relationship to the changing climate.197
Peasant seeds are also seen as the material key for transforming dominant production
tendencies so that not only cultured living cells replace human labor as discussed in
Chapter 5, but the labor of peasant farmers can replace the fossil fuel-dependent crops
(La Vía Campesina, 2013: 2). ‘How societies want to produce’ is of course the object of
major societal struggles. But again, it is interesting that the latter should take the form
of “seed wars”, as dubbed by the Wall Street Journal (cited in Kloppenburg and
Kleinman, 1987: 7), more recently escalating into an “arms race” over their control
(Kilman/ Wall Street Journal, 2010).
Thus, the distinct practices presented for analytical clarity in the dissertation as
‘belonging’ to separate periods are not only historical periods defined by dominant
practices but historical periods in the sense of the struggles to practically define
(re)production. Each should be seen not only as defined by a structuring materiality
(e.g., the Second Food Regime), but also as reproducing material structures (e.g.
peasant seeds) for redefining societal relations.

History and the Transformation of Nature
Beyond this, the questions of enduring material structures in nature such as the
relevance of the seed form are challenging methodologically from the perspective of
bringing the distinct materiality of nature into focus within social science theory.
Despite the historical material connections between society and agricultural plants, does
the materiality of nature lend itself to being historicized along with social relations? For
example, how do we reconcile the very old materialities of nature and—as was argued
in the dissertation, the strong structuring effect of its materiality—with the very brief
periods in which societies have transformed it? I address this question briefly by reengaging with the Regulation approach presented in Chapter 1 and Regulation scholars’
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Industrial agriculture (including meat production and deforestation for new agricultural land)
contributes to ca. 30% of all greenhouse gas emissions (Bellarby, 2008). In this context seeds are seen as
the material basis for new forms of relating to nature and also as a new basis for human/social
reproduction.
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contention that it is possible to identify a process of ‘regulation of societal nature
relations’.
At the end of Chapter 1, I discussed Regulation scholars’ contention that a
regulation—i.e., regularization or stabilization—of societal nature relations was taking
place. An observation was that this scholarship did not directly address whether nature
could be considered the ‘object’ of regulation/regularization as defined by a theory of
societal relations. At the heart of the issue is that the Regulation scholars who identify a
process of regulation via political institutions, actors and norms (Brand and Görg, 2003;
Görg 2003b; Brand 2010; Brand and Wissen, 2012) also contend that nature “retains
always a non-identical moment despite its societal appropriation and construction”
(Görg, 1999: 129), and is “fundamentally different from the social dimension, with its
own structuring principles” (ibid: 119). An open question raised in Chapter 1 was
therefore whether the materiality of nature could be assumed to also stabilize, ‘with’
societal processes and societal relations; or whether the notion of a ‘regulation of
societal nature relations’ could or should only be understood in the more narrow sense
of political regulation, as suggested by the concrete work of these scholars and their
focus on political institutions (cf. Chapter 1). Here I consider the question again in light
of the analysis made in the three research chapters. Only some aspects of this complex
question can be sketched here. But I take it at the same time as an interesting lens for
reviewing the findings of the third research question that addressed how the materiality
of nature was inserted into societal processes and societal relations, understood
historically.
Although the regularization of societal nature relations in the sense of the
Regulation Approach was not a research question, the dissertation addresses aspects of
this issue by way of the foregoing question—albeit from the somewhat restricted
perspective of agricultural production; and by focusing primarily on production as a
material transformation rather than on valorization.198 Thus, it can speak only partially
to Regulation scholars’ definition that the regulation of societal nature relations “takes
place via institutions, norms, values, processes of subjectivation, and normalised
practices that often bring to the fore new strategies of capital valorisation” (Brand and
Wissen, 2012: 7); and that regulation encompasses, societal “spheres” including science
198

Valorization is the central focus for Regulation Theory given its attention to the stability of societal
relations in relation to a process of capital accumulation.
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and politics, transportation, nutrition, culture, and gender relations (Görg, 2003b: 184).
Nevertheless, the narrower perspective of agricultural production is arguably important
in speaking to societal nature relations in this broad sense, given that it intersects with
many of these relations, including the production of food as a basis for all human and
social reproduction; consumption and health; strategies for valorizing resources such as
land, water, or seeds; and the direct livelihoods of people in rural areas, among others.
In the dissertation, to contextualize the broader production relations historically,
I relied not on the Regulation Approach, but on the closely related scholarship known as
Food Regimes. Although it shares many of the same theoretical premises as Regulation,
the more specific focus on agriculture of Food Regimes was appropriate for linking it to
the perspective of the dissertation—that is, for taking their focus on how food and
agriculture were produced in a certain period and asking how this production was
related to a reproduction of agricultural nature. Having brought the materiality of nature
to bear in this way in the context of a Food Regime199 sets the framework for addressing
whether the materiality of (agricultural) nature can be considered part of a process of
regulation. Based on the three research chapters I consider the following points:
The first is whether, from the perspective of the dissertation, it is possible to
identify a process of regulation/regularization of the materiality of nature. In all three
research chapters of the dissertation I observed how the materiality of agricultural plants
was stabilized in space and in time in three different senses: First, as recurring material
patterns—such as the formation of local peasant landraces; the spatiotemporal
consistency of inbreeding or of breeding ‘in pure lines’; the spatiotemporal
homogeneity of the f1-hybrids; and even the temporal regularity of molecularly
engineered organisms that continue to reproduce the transformations over generations
without needing to re-create it at each life cycle. Second, in all periods studied I also
observed a process of material correspondence between these regular nature processes
and production processes; and finally in two of the periods there was also a
correspondence between the regular materialities and production relations more
generally. It is this third sense that corresponds to regulation in the sense of the
Regulation Approach: The material regularities—the result of a specific way of
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A Food Regime is similar to Regulation, proposing a correspondence between “international relations
of food productions and consumption [and] forms of [capital] accumulation [that] broadly distinguish
periods of capitalist transformation since 1870” (Friedmann and McMichael, 1989: 95).
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redefining the materiality of plants through reproduction—were central to explaining
how production took place in a given Regime.
A first example of this correspondence between transformation and production
was reviewed in Chapter 3, showing that one of the central foundations of the first
Regime—the massive production of cheap wheat for international markets—was based
on the reproductive transformation of wheat for making its cultivation possible in new
areas such as the United States. Likewise, in the second Regime, the ability to produce
with machines, to apply fertilizers or to increase yields was predicated upon the prior
spatiotemporal stabilization of plants such as maize through classical genetics breeding.
By focusing on the materiality of the crops I showed that for the processes
characterizing a particular regime, it was also essential to take ‘how plants grew’ into
account, that is, how they were transformed and/or stabilized materially at each
period.200
All three examples speak against defining the ‘regulation of nature society
relations’ only from the perspective of political relations. Even if, as Regulation
scholars have argued, it is political relations that ‘frame’ the appropriation of nature, the
dissertation suggests that there is also no appropriation without the ability to ‘regulate’
(stabilize, transform) nature—a process that is not only social. Regulation scholars are
correct to argue that the
capitalist valorisation of genetic resources is made possible
to a significant extent by modern biotechnologies—it is their
development that allows for the production of human, plant
and animal genomes as ‘resources’ in the first place. The
legal certainty, however, which the companies of the global
North’s ‘life sciences’ sector require in their appropriation of
the biological diversity of the global South, must be
guaranteed by the state [i.e., by political institutions] (Brand
and Wissen, 2012: 8f).
Yet from the perspective of the dissertation, an important point should be added: The
valorization of genetic resources is not only an issue of technology and political
institutions, i.e., of societal relations, but the role of living nature is also essential. The
foregoing description by Brand and Wissen seems to suggest that addressing the
200

This suggests, however, that the notion of regulation could only apply to living nature. While the
materiality of non-living nature, such as the formation of mountain ranges, changes over time, it does so
at a rate so slow relative to that of social relations that it makes little sense to consider it an ‘object’ of
regulation.
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dimension of technology would seem to ‘take care of’ considering how the materiality
of nature is transformed alongside societal relations such as the state’s guarantee of
property rights. Yet it is one of the central findings in the dissertation that nature is not
only or even in some sense primarily shaped ‘technologically’, but that, as Francis
Bacon put it in 1620, “…we cannot command nature except by obeying her” (Bacon,
1620, Book I, Aphorism 28).
In other words, producing with nature means transforming nature, but to
transform it is not only a societal intervention, such as a technological one. Rather, to a
large extent it is precisely a type of ‘regulation’ of nature’s materiality that takes place
through a logic proper to nature itself.201 This is what was described throughout the
dissertation as a ‘stretch’ in space and time in a historical material constellation, and it
was shown how the new material qualities led to a transformation but also to a
regularization, calibration, stabilization of nature vis-à-vis societal relations or societal
processes of production. The emphasis on production is not as a societal relation that
would be more important than other relations, such as political relations. Rather, as
argued in Chapters 1 and 2, the emphasis on production is related to the fact that it is the
non-identical dimension of the reproduction of nature i.e., it is a point of material
‘overlap’ with the materiality of nature. This, however, can be lost from view if the
emphasis is only on valorization: On the one hand, because the exchange-value
dimension takes attention away from the material process; and also because it is
possible to valorize nature without producing (transforming it) as discussed in Chapter 5
through the example of rent-based monopolies (patents).
At the same time, a process of regulating the materiality of nature does not mean
that the regulation of societal nature relations is essentially or primarily about the
material transformation of nature. On the contrary, it is the strength of the Regulation
Approach to emphasize the coherence of a particular period across many societal
relations. The clearest example of this type of coherence in the dissertation was the
transition from the First to the Second Food Regimes discussed at the end of Chapter 3.
Here I showed that the transformation of nature that materialized with classical genetics
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There are of course key aspects to achieving a correspondence that are based on non-living processes.
For example, as shown in Chapter 5, achieving a correspondence between molecular processes and
societal regulations also depended on key ‘translation technologies’, in particular microelectronic
processing, as a crucial link between the vast yet infinitely small spaces of the molecule and the
spatiotemporal scales of societal relations.
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was part of a wider societal ‘project’ carried out across many societal spheres to go
beyond the limits presented by the peasant reproduction of nature in an industrial
context, even when the peasant reproduction of nature had been successfully inserted
into many other non-peasant contexts. In this case, therefore, the spatiotemporal
stabilization of agricultural nature that took place in the transition from the First to the
Second Food Regime entailed, as Brand and Wissen emphasize, a type of hegemony or
consensus that defines particular societal nature relations (2012: 6f.). And yet, a central
part of this project was also a transformation of the reproduction of plants, meaning
however, not only a ‘technological’ transformation, but the reconfiguration of nature
through the doing of nature itself.
All of this raises further issues. One is how taking the materiality of nature into
account in the sense of the dissertation would inform current debates about a ‘postFordist regulation of societal nature relations’ or a Third Food Regime. Both Regulation
and Food Regimes identify very specific periodizations in which major societal
transformations are developed and reversed within the span of a few decades. And
although the materiality of nature has been transformed very quickly—such as the rapid
stabilization of the Mendelian crops as part of the Second Regime/Fordism—it is
unclear how representative this is of the general possibility to ‘match’ the materiality of
nature with that of social formations as ‘neatly’ as took place during the Fordist period.
Moreover, the material transformation of plants associated with the Fordist period was
also part of a scholarly-scientific process of redefining the reproduction of living
organisms that was ‘in the making’ for ca. 200 years (cf. Chapter 4).
All of this suggests that although a process of regulation may take place, the
non-identical materiality of nature—perhaps logically—will not likely be ‘bound’ by
the same periodizations; and that, furthermore, this may reflect on the way living nature
can be harnessed for production. During the First Regime, there was certainly a
correspondence between the reproduction of landraces and their very effective
production during this period, but it was not based on a new practice for transforming
the materiality of nature—but on stretching the ancient practice of peasant seed
reproduction and modifying it very successfully for a new societal context of
industrialization. In other words a new Regime or process of regulation might take place
with or without new ways of reproducing nature. This is underlined also by the
tendency of new dominant ways of reproducing nature to integrate nature materialities
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that were previously dominant, such as the dependency of classical genetics breeding on
peasant seeds as the source of all traits.
Alternatively, there may be examples of correspondences between new ways of
transforming nature and its successful valorization without constituting a new Regime
or period of regulation. An example of this is the current molecular transformation of
nature. As suggested in Chapter 5 by the example of food-input production in yeast,
there is a remarkable process of calibration of these microorganisms to production
processes, resulting in the yeast functioning as a powerful productive force (and on the
dimension of valorization as a very ‘flexible’ form of constant capital). This is an
example of a very close regularization between production processes and the materiality
of nature without constituting a clear societal project to transform nature on this
production basis comparable to the transition to the Second Regime. It may remain
difficult to assess whether such a process of coherency/regulation around a new way of
reorganizing societal nature relations is taking place, given the many tendencies and
conflicts surrounding how ‘nature’ is reorganized at present. Is it also conceivable to
have a process of negative or destructive regulation and how long would this be
possible without leading to a process of crisis rather than regulation? An example of this
might be a material transformation of nature that is successful from the point of view of
valorization but otherwise results in a destructive force on other dimensions of societal
nature relations. Finally, it should be underlined that in recognizing the unique
materiality of nature, any process that we may see as ‘regulation’ will always bear a
logic of its own that can only render it a ‘partial’ calibration.
The contribution of this dissertation to this debate is to underline the importance
of taking into account the materiality of living nature and how it has been modified
historically. Among others it means recognizing that by maintaining that there is a
process of greater ‘socialization’ or ‘production’ of nature; or by only recognizing the
societal dimensions of social nature relations we give up the possibility of
understanding how nature is transformed and the important productive-transformative
role it plays in any production process. This is not only in the interest of analytical
accuracy, but as discussed in all chapters, also because it is important to recognize the
material proximity between transforming ‘with’ nature as a productive force and as a
disruptive or even destructive one.
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Abstractions	
  in	
  Science	
  and	
  the	
  Materiality	
  of	
  Nature	
  
To close, I discuss this material proximity between nature-reproducing and
disruptive processes from another angle of the dissertation: The difference between
scientific versus non-scientific reproductions of nature. In all three periods,
transforming nature entailed a non-identical practice that established the difference
between

production

and

reproduction,

creating

an

abstraction

from

the

multidimensionality of nature to some extent. For example, peasant agriculture achieved
this by defining specific agroecosystems as a framework for the reproduction of nature.
At the same time, the multidimensional and complex materiality of agroecosystems
makes it difficult to see them as an abstraction comparable to scientific redefinitions of
nature or to refer to it at all as an abstraction in a similar sense. Scientific approaches to
the reproduction of nature were based not only on a much greater ‘degree’ of
abstraction from nature, but also on doing this systematically, an aspect that is a
hallmark of the ‘scientific method’, and in general of a scientific approach (cf. Rose,
1997: 27).
As discussed in Chapters 4 and 5, practical abstractions can be seen as the ‘stock
and trade’ of the field of experimental biology: The reproduction of living organisms
discretely, i.e., without taking many other dimensions of nature into account. As the
science of biology developed from the 19th century onward, it was based on practically
redefining nature from a historical process to particular ‘functions’ of interest: The
reproduction of a particular substance in abstraction of the body; the definition of
digestion as a discrete process of an organism, and so on. This was a practical definition
that entailed knowing by reproducing the discrete living process experimentally. In the
dissertation, this was discussed in detail for the experiments carried out in the mid1850s by Mendel to inbreed and cross the pea plants through which plants were
redefined in terms of discrete ‘traits’ (Chapter 4); as well as the experiment, 100 years
later, by Matthaei and Nierenberg that defined the relationship between discrete DNA
nucleotide segments and particular protein-mediated substances produced by a cell
(Chapter 5).
A characteristic of these abstractions was the fact that they are prone to
deviating strongly from the historical materiality of nature: For example, to achieve a
homogeneous barley plant with three distinct traits (high yielding, short stem, fastgrowing) meant creating a single prototype that abstracts from all the variation found in
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a landrace: Not only the many qualities of the different plants, but also their complex
relationships to other organisms, etc. Moreover, to attain these qualities as
‘passepartout’ traits, it was also necessary to abstract from (standardize) the plant’s
environment to a large extent. In another example, molecular transformations achieved
the reproduction of a bacterial protein such as the Bt-toxin in a plant, but this practical
abstraction does not—and as defined by the type of intervention also cannot—take into
consideration how this manipulation fits in with the rest of its material environment. As
a result these abstractions tended to create a disruptive or even destructive process of
reproduction at other levels: In the first example, thousands of peasant landrace varieties
were no longer reproduced, becoming lost or extinct; and in the second example, the
result has been a series of ‘unexpected consequences’ such as intestinal damage to
animals fed on Bt-maize, among many others (cf. Gu et al., 2013; cf. Kuruganti, 2013).
One interesting aspect of this is the close connection between the practical
abstractions of biology and the use of the same abstractions in the sphere of production
and the valorization of capital. Without having focused on the societal conflicts and
institutions that are also an important part of these developments,202 in Chapters 4 and 5
I showed that the material qualities obtained in the lab or the experimental fields were
also those valorized in the economy. Examples include the homogeneity among plants
such as f1-hybrids that permitted increasing planting densities and therefore
(re)producing the ‘quality of quantity’; the importance of that homogeneity at the level
of the grain in the production of starch for chemical processing (Chapter 4); or the
abstraction of molecularly defined ‘metabolic pathways’ to produce substances such as
food aromas, fuels or pharmaceuticals from modified cells (Chapter 5).
This brings up a point in relation to other social science analyses of nature. It
underlines that it is not only ‘capitalist valorization’ as such that achieves an abstraction
vis-à-vis nature. This is a general claim that is frequently made by Marxist scholars of
nature, arguing that the valorization process abstracts from the material qualities of
nature because the focus is on the realization of exchange value: “capital requires
natural conditions only insofar as they are a prerequisite for its appropriation of labor
202

There is of course no automatic relationship between science and the valorization of the nature in the
absence of other societal conflicts and their outcomes that are particular to a given instance. My point is
rather that the material abstraction of biology is also the same as that which is valorized by capital.
Arriving at these traits was not a process that could simply be said to be ‘for’ valorization. On the
contrary as showed in Chapters 4 and 5 in detail, the abstractions were mediated by many decades of a
scientific search to rationalize the materiality of the plant in this manner.
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power’s use value. This is a specifically capitalist abstraction from the requirements for
reproduction of the natural environment…” (Burkett, 1996: 338, second emphasis
added). Concretely, for example, it is assumed that large extensions of the rainforest in
Paraguay are cut down to extend the cultivation of soybeans to meet the enormous
demand for industrial meat. The process of valorizing soybeans would abstract from the
concrete materiality of the rainforest that it sees simply as a means of production and
destroys it.
But the study of the materiality of nature in productive processes in the
foregoing chapters highlights that such an example of abstracting from nature is not as
unmediated as it would appear. The ability to abstract from nature is not only specific to
the valorization process, but has also depended crucially on scientific abstractions. As
discussed in the context of the Second Regime, to valorize not only the crops but also
all of the goods made with these crops as ‘inputs’, plants were rendered homogenous
and stable on the basis of the science of classical genetics. Plants like the soybeans in
the above example were adapted by a process of scientific breeding to be cultivated in
monocultures, to be harvested by machines, tolerate fertilizer applications and so on.
There are several parallels between the soybean crop in Paraguay and the development
of wheat for the global market in the 19th century discussed in Chapter 3. In both cases
it is not possible to simply ‘grow’ the plants without reconfiguring their materiality, in
this case through classical genetics breeding.
To argue that science plays a role in the abstractions from nature that tend to
create disruptive or destructive processes vis-à-vis nature is however by no means an
argument to the effect that the scientific (re)production of nature is per se destructive, or
that it is undesirable: It is important to keep in mind that practical abstractions are at the
basis of much of the knowledge we have about nature as part of societal contexts that
are not disruptive or destructive. Consider, for example the practical abstraction of a
toxin from a pathogen organism such as polio to be used as an antigen in a vaccine. Or
consider the use of molecular biology for gaining knowledge about the historical
relationships between plant species and the usefulness of this work for the purpose of in
situ conservation.
Nor is the argument that non-scientific ways of reproducing nature such as the
peasant production of nature could be seen as intrinsically harmonious way of
reproducing nature. As I have argued, every kind of production—that is, every practical
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interaction with nature to produce new use-values—implies a non-identical relationship
with nature. Otherwise there would be no distinction between production and
reproduction. While the industrialization of agriculture has generally been very
destructive in the abstraction it creates in a systematic sense, peasant farmers’
reproduction of agroecosystems can vary in the degree that they abstract from historical
nature (cf Perfecto et al. 2009). The issue is that the “material-substantial conditions of
human existence have a logic of their own (Eigensinn) that can either be ignored or
respected by human activity” (Brand and Görg. 2003: 18)—and that in both, the
practice of science and of capitalist valorization such abstractions have, historically,
been at the core of a way of creating knowledge, and of a way of creating value with
nature.
For all of us carrying out scientific research on nature—whether in the natural
or in the social sciences—this means being aware that we are in the business of making
abstractions. On the one hand, this is very immediate in the experimental biological
sciences in which an important practical abstraction takes place in each experiment, and
in which there are often very close connections between the form of these abstractions
and the form in which nature is appropriated and valorized. On the other hand, although
it may be less immediate on a practical-transformative level, it is no less a responsibility
of the social sciences.
The social sciences must also ensure that nature is not ignored or made
‘contingent’ on societal relations, i.e., that they do not abstract from the materiality of
nature. This requires a strong conceptualization of the materiality of nature in a way that
can enable a dialogue with social theory. It also means that we in the social sciences
must take nature into account in a more rigorous fashion that can clarify the ‘logic’ of
nature itself as it weaves into many societal relations we study. By doing this we might
also aspire to interdisciplinary work at a deeper level: On the one hand, interdisciplinary
in the sense of creating a common conceptual base for working with natural scientists.
On the other hand, in the sense of working with non-scientists such as social
movements who also seek to understand how society and nature are mutually
constituted. I hope that this dissertation can make a small contribution in this sense.
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