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Abstract

Elucidating Microbial Interactions in Anaerobic Ammonium Oxidizing Systems
by
Christian Arnez White
Doctor of Philosophy in Engineering — Civil and Environmental Engineering
University of California, Berkeley

Professor Lisa Alvarez-Cohen, Chair

Anthropogenic nitrogen pollution is a global phenomenon that facilitated unprecedented
disruptions to the nitrogen cycle distinctly marked by human inputs of reactive nitrogen into the
environment. The increased flux of reactive nitrogen has precipitated unchecked discharges into
surface waters leading to eutrophication, severely disrupting existing ecological networks.
Anaerobic ammonium oxidation (anammox) is a biogeochemical process that is commonly
applied for the removal of reactive nitrogen from wastewater. These systems have been
demonstrated to be highly efficient at removing nitrogen from wastewater side-streams with a
lower carbon and energy footprint than conventional biological nutrient removal technologies.
However, they have been plagued by long startup times and process instabilities which can cause
reactor performance lapses that can require months of recovery. A critical element for
discerning and responding to these performance lapses is a deep understanding of the microbial
community within anammox reactors. Anammox reactors create a unique environment that
promotes the selection of a distinct assemblage of bacteria that commonly co-occur with
anammox bacteria. These bacteria form an assortment of symbiotic and antagonistic
relationships with the anammox bacteria that are critical to their growth and activity as well as
the performance of anammox based nitrogen removal systems. This dissertation seeks to
understand which interactions are most important for community stability and maintenance of
ecosystem function and how the circulation of metabolites influences microbial diversity. The
results of this research contribute to a robust understanding of community dynamics that can be
used to model and manipulate anammox microbial communities.

Chapter 1 seeks to situate the phenomenon of nitrogen pollution and its complementary solutions
by contextualizing anthropogenic pollution as a manifestation of settler colonial regimes of
power and land relations. This is conducted through a historical grounding of the tenets of
Western environmentalism within the broader scope of Western scientific ontology as a means to
critically re-examine the motivations of environmental discourse. Historical and political
conceptualizations of race, class, materialism, and power structures are utilized to elucidate the
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foundations of the current global tenets of capitalism, imperialism, and settler colonialism.
Paralleling this analysis is an investigation into the history of human relations with reactive
nitrogen and how these relations have developed from Pre-History, to Antiquity, to the Middle
Ages, to the modern era and how the conceptualizations of nitrogen have intersected with modes
of production, commerce, and state power. This chapter culminates in a re-examination of the
work of Haber and Bosch as a coalescence of nitrogen exploitation and imperial power. The
implications of this historical moment are used to establish circumstances around modern
relations to nitrogen, the utilization of science as a means to materialize state agendas, and the
futility of technological solutions to environmental problems.

Chapter 2 of this dissertation seeks to understand how competitive nitrogen dynamics affects the
microbial ecology of the system. The widely accepted stoichiometric relationship of anammox
dictates a NH4":NO>" of 1:1.32, however the anammox bacteria also compete with bacteria
performing denitrification and dissimilatory nitrate reduction to ammonia (DNRA) for this
nitrite. To understand this dynamic, an analysis was conducted using 16S rRNA and shotgun
metagenomic sequencing data from a reactor study where the influent NH4":NO;™ ratio was
changed to 1:1.1. Sequencing data revealed significant decreases in the abundance of anammox
bacteria and increased abundance of bacteria capable of utilizing DNRA. Despite significant
changes in taxonomic composition, the reactor still maintained high levels of nitrogen removal
efficiency. These results would suggest a dynamic relationship between the anammox and
DNRA bacteria that can be symbiotic.

Chapter 3 of this dissertation sought to evaluate the effects of a process disturbance on the
microbial community in an anammox reactor. To understand these effects, an analysis was
conducted using 16S rRNA and shotgun metagenomic sequencing data from a separate reactor
study where the solids retention time (SRT) was decreased step wise from 50 days to 28.5 days.
Metagenomic and 16S rRNA data revealed a strong deterministic effect of the disturbance that
selected bacteria based on growth strategies where K-type strategists seemed to undergo negative
selection and r-type strategists underwent positive selection. The results of the study also
suggest a more complex relationship between the anammox bacteria and filamentous Chloroflexi
bacteria that is critical to biomass aggregation and retention. These results also demonstrated a
significantly different microbial community in the reactor recovery period compared to prior
stable operation which would suggest high levels of functional redundancy.

Chapter 4 seeks to examine the role of extracellular polymeric substance (EPS) degradation by
heterotrophic bacteria in carbon cycling within anammox bioreactors. To investigate this
phenomenon EPS was extracted from suspended anammox biomass through an alkaline and heat
extraction method and then utilized as a carbon source in batch enrichments utilizing anammox
biomass as an inoculum. Shotgun metagenomic and 16S rRNA sequencing were utilized to
determine the response of the microbial community to enrichment on the different EPS solutions.
TOC and spectroscopic analysis confirmed biological degradation of EPS by the enrichment
culture and sequencing analysis demonstrated increased abundance of bacteria classified as
Ignavibacteriae in alkaline EPS enrichments, Nitrosomonadaceae and Rhizobiaceae increased in



heat extracted EPS enrichments, and Ruminococcoceae, Commamonadaceae, and
Acidimicrobiales insertiae increased in both enrichments. Metagenomic analysis also
demonstrated that bacteria increasing in abundance were enriched in extracellular glycoside
hydrolases and peptidases that could be utilized to depolymerize complex carbon molecules.
These results would suggest the ability to utilize EPS as a carbon source in anammox reactors is
broadly phylogenetically distributed across bacteria within the community.

Chapter 5 aims to characterize the functional profiles of anammox bioreactor associated
microbial communities through the framework of ecological strategies. Microbial trait-based
analyses were conducted on publicly available metagenomes using microTrait, a suite of
computational tools that annotates microbial functions and maps them to a dimensionally
reduced trait space representative of diverse microbial growth strategies. Phylogenomic analysis
of retrieved metagenomes demonstrated a strong recurrence of phylogenetically similar
organisms in anammox bioreactor systems of various configurations and operational parameters.
Results of the trait-based modeling analysis demonstrated that the trait profiles converged closely
according to phylogeny for guilds containing specific lineages of Planctomycetes, Chloroflexi,
Bacteroidetes, and Iganvibacteriae which had high occurrences of extracellular carbon
depolymerization but contained phylogenetically divergent MAGs in guilds enriched in other
resource acquisition and stress tolerance traits. Assessing these functional guilds with relation to
the Y-A-S (yield, acquisition, stress) ecological framework indicates that some of these guilds
possess traits that appear to align with a high yield growth strategy characterized by investments
in aerobic respiration and glyoxylate metabolism while others favor specialization in resource
acquisition and stress tolerance. Overall, these groupings would indicate that the conditions of
anammox bioreactors create a distinct set of ecological niches characterized by various growth
and competition strategies.

Ultimately, the results of this research will support the development of a robust kinetic growth
model that can accurately predict the substrate utilization, growth, and microbial interactions in
anammox bioreactors. The creation and refinement of these models will promote the design,
operation, and maintenance of more resilient anammox bioreactors for municipal and industrial
wastewater nitrogen removal. Furthermore, these results will also contribute toward a deeper
understanding of the application of ecological theory to complex microbiomes and offer insights
into the understudied nuances of microbial metabolic networks and materials exchanges. The
contextualization of this biological phenomenon with a sociopolitical analysis of the current state
of nitrogen in global commerce is critical to a wholistic understanding of the utility of these
technologies, their shortcomings, and opportunities to redirect political momentum towards
structural changes to mitigate nitrogen pollution to the environment.
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Chapter 1: Introduction—Nitrogen, Anammox, and Empire

“Engineering is the art of directing the great sources of power in nature for the use and
convenience of man.” -Thomas Tredgold

“And it is clear that in the colonial countries the peasants alone are revolutionary, for they have
nothing to lose and everything to gain. The starving peasant, outside the class system is the first
among the exploited to discover that only violence pays. For him there is no compromise, no
possible coming to terms; colonization and decolonization is simply a question of relative
strength.” — Frantz Fanon, The Wretched of the Earth

The progression of human history may be examined through the paradigm of humanity’s
enduring endeavor to contend with ecological dynamics. Contemporary historical developments
have delivered us to the era of technological modernity manifested through the application of
engineering praxis aimed at the realization of dominion over the natural world. This praxis
engenders transformative changes within natural landscapes, transfigures elements of the land
constitutive of cosmological and metaphysical networks of being into fungible assets, and
modulates biogeochemical flows that have synchronized over eons of evolutionary accretion.
Nitrogen, the subject of this dissertation, constitutes one of these fluxes that has experienced
ecologically unfathomable proportions of alteration during the course of these global shifts and
represents not a peripheral byproduct of this praxis but an elemental and intrinsic model of its
operation. Thus, in this chapter the story of nitrogen will be examined centering its symbiotic
role in the codification of racial and colonial epistemology, transmutation of natural amenities for
the basis of extraction and accumulation, and the perpetuation of anti-black and anti-indigenous
worldviews for the preservation of commercialized violence and oppression. This analysis will
culminate towards the development of a critical re-examination of nitrogen in technological
modernity embodied in the Haber-Bosch process as well as the depoliticization of anthropogenic
pollution and technocratic solutions for ecological restoration.

1.1 The Age of Azotic Empire

1.1.1 You are what you eat

The word nitrogen is an etymological derivative of the Middle English nitre derived from the
Latin nitrum, Greek nitron, and Hebrew nether is an unfortunate relic of the eponymous
alchemical word for saltpeter with roots in its association with saline substances a la the Greek
natron. The German stickstoff, roughly translating to “asphyxiating substance” or the French
azote, “without life” provide a closer corporeal representation of nitrogen’s physical properties.
These properties, leading to the formation of the near impermeably strong nitrogen-nitrogen
triple bond, imparts a biochemical irony making nitrogen perhaps the most ubiquitous element
on the Earth and yet the material most responsible for limiting biological growth and
metabolism. Within the biosphere, Smil estimates there to be 10,000 billion tons of dinitrogen,
making up 78% of the Earth’s atmosphere, while bioavailable pools including ammonia (NH3),
amino acids, and proteins only contribute 10, 10, and one billion tons respectively!. Nitrogen,
the critical constituent of amino acids forming the basis for proteins used as catalytic agents,
structural components of cells, and signaling molecules regulating hormonal systems, comprises



3% of the human body by mass®. Given that humans along with most non-diazotrophic
organisms lack the capability to utilize dinitrogen as a nitrogen source, we are reliant on organic
nitrogen primarily in the form of dietary protein intake. It is estimated that mature adult humans
excrete on average around 53 mg of nitrogen/kg of body weight through urine and feces daily,
which would necessitate an intake of 0.6-0.7 g of protein per kg of body weight per day to
maintain a nitrogen balance®. This amount is further constrained by the necessity to ensure
adequate intake of the ten essential amino acids that humans lack the biosynthetic pathways for
which include lysine, methionine, threonine, and tryptophan that are normally deficient in plant
proteins®. Thus, it is not an understatement to make the assertion that the story of human history
is at its core a quest to obtain sufficient dietary nitrogen. In the process of doing so humans have
radically reoriented our relationship with the natural world or as Marx would say the “metabolic
interaction between man and the earth.” The question that humans must contend with now is
how to contextualize the dietary nitrogen needs of over 8 billion people with biogeochemical
fluxes that are intricately linked to one another as well as climatic, geohydrological, and
atmospheric patterns that facilitate the transposition and conversion of global reservoirs of matter
and energy. Nitrogen, in its predominant form a colorless, odorless, nonflammable, nontoxic gas
worthy of the German and French etymological descriptions, sits at the intersection of these
global processes that demark the threshold of an ecologically hospitable range that is a
prerequisite for human civilization from one that could spell its collapse.

1.1.2 Nitrogen here, nitrogen there, nitrogen everywhere

Bioavailable nitrogen species including ammonia (NH3), ammonium (NHs4), nitrate (NO3),
nitrite (NO2"), and nitric oxides (NOx) can be agglomerated into a comprehensive pool of
reactive nitrogen (Nr), juxtaposed against the predominantly inaccessible dinitrogen. In light of
this juxtaposition and its consequential impact on vital processes, a natural syllogism may posit a
nuanced biopolitical and necropolitical dimension to the management of nitrogen, and just as
equally its mismanagement. Hence, the forms of nitrogen that we encounter in marine,
terrestrial, and atmospheric reservoirs are attributable not solely to natural processes but
primarily to functions of politically determined regimes of commerce and transit. To illustrate
this phenomenon, we’ll use the agricultural sector as an example. Smil estimates that at the
dawn of the 21 century the nitrogen mass of the worldwide edible harvest of crops, meat and
dairy products, marine and freshwater catches, and aquaculture amounted to 25 Mt N per year
which would have resulted in a per capita average of 75g of protein per day'®. This was enabled
by the application of 170 Mt N provided through synthetic fertilizers, bio-fixation, organic
recycling, irrigation water, seeds, and atmospheric deposition. Crop phytomass was estimated to
recover on average 50% of available nitrogen?® resulting in 60 Mt N as harvested crops and only
25 Mt N of the harvested total is conserved in extracted residues for edible food products®.
Consequentially, this results in over 145 Mt of N per year that is “lost” and dispersed to the

1 This is an aggregate of very different trends in developed and developing countries where affluent countries
average about 100 g/day with 55g/day coming from animal protein and developing countries with an average of
70g/day of protein and only 25 of those coming from animal protein.

2 Many studies have shown N recovery rates of staple crops (corn, rice, wheat) to be well below 50% and can go as
low as 30%



environment. Conservation of mass would demand that we account for the mass of nitrogen that
is shed during this process and these losses are dominated by volatilization from ammonia-based
fertilizers and leaching of nitrate which is estimated to be as high as 57 kg N ha™! for maize and
29 kg N ha'! for wheat’, two of the most intensively fertilized crops. Notwithstanding these
aggregate global figures, the United Nations Food and Agriculture Organization posited in 2013
that an estimated 843 million individuals, constituting approximately 1 in 7 of the global
population at the time, experienced chronic hunger and nutrient deficiencies®. The discordance
between these divergent trends cannot be exclusively understood through the inefficiencies
within the global food system, but rather manifests as a symptom of a pecuniary ontology that
perceives nature and its services as an inherent prerequisite, obtainable without cost, or as Marx
would say “gratis”. The sociopolitical ramifications of this discordance merit further
examination; however, at present, our focus necessitates an exploration of the ultimate fate and
ensuing consequences of this “lost” nitrogen.

Global estimates of anthropogenic reactive nitrogen inputs to terrestrial sources at the turn of the
21% century are in the range of 140-160 Tg N yr'!”8, Of this amount, roughly 60 Tg N yr'! are
estimated to be exported to coastal areas through riverine systems’. Once reactive nitrogen
accumulates in marine ecosystems, severe ecological disruption can occur due to eutrophication.
Eutrophication is the process in which photosynthetic organisms (primarily algae), limited by an
essential nutrient, proliferate due to the sudden availability of that nutrient in excess and when
they die and decay, their necromass is consumed by heterotrophic bacteria resulting in a rapid
depletion of oxygen in the water'®!!. Nitrogen pollution is poised to induce eutrophication
within marine ecosystems primarily owing to nitrogen's prevalent status as the limiting nutrient
vis-a-vis phosphorus in marine environments'?. This results in the formation of acute hypoxic
zones (<2 mg O2/L) that can lead to the death of aquatic animals, production of greenhouse gases
such as methane and odorous gases such as hydrogen sulfide, and the gradual disruption and
degradation of trophic networks!2. Moreover, eutrophication additionally precipitates the
emergence of toxic algal blooms comprising cyanobacteria and dinoflagellates, some of which
produce toxins of comparable potency to cobra venom'3. These blooms render water bodies
unsuitable for both consumption and recreational activities, while also exerting direct lethal
effects on aquatic fauna such as fish and shellfish'*. Furthermore, they possess the capacity to
bioaccumulate and magnify in toxicity through trophic levels, exacerbating ecological
ramifications'®. Hypoxic dead zones in the world’s seas and oceans continue to emerge and
expand. The Gulf of Mexico hypoxic zone, largely stimulated by nutrient loading from the
Mississippi river, is estimated to encompass an average area of 16,700 km? with seasonal zeniths
up to 22,000 km?, an area roughly the size of New Jersey,'® and continues to grow annually
despite pledges to limit its area to 5,000 km?!’. Similar dead zones are evident in various marine
regions, including the Chesapeake Bay, Baltic Sea, Kattegat Strait, Black Sea, and East China
Sea, each posing a spectrum of biogeochemical, ecological, and economic complexities!®,

Reactive nitrogen not transported to marine ecosystems frequently infiltrates groundwater and
surface water reservoirs utilized for human consumption. Galloway et al. estimates that up to
25% of nitrogen inputs to agricultural lands ultimately escapes to contaminate water resources'?,
while Singh and Caswell estimate that anthropogenic nitrogen inputs to rivers range from 3,100-



14,000 kg N/m? with an average of 65.7% originating from agricultural sources?’. United States
Geological Survey data indicates that 22% of domestic wells in the US contain nitrate
contamination levels exceeding the maximum contaminant level (MCL) (>10 mg-N/L)?!.
European data show comparable trends®?, while contamination rates in developing countries can
soar to as high as 50%?%. While certain discourses within nitrate epidemiology have endeavored
to position the broader adverse nitrate health effects as epiphenomenal to fecal coliform
contamination, the consequences of acute nitrate exposure to infants and toddlers often
demonstrate profound lethality. Methemoglobinemia or “blue baby syndrome” quite literally
asphyxiated many rural infants before the linkages to nitrate contamination in wells was
established and this risk persists globally especially for populations residing in water-scarce
regions®*?. Proposed correlations between nitrate exposure and stomach cancer remains
inconclusive, however further research remains to be completed?®. Nevertheless, beyond its
impacts on human health, a comprehensive understanding of nitrate contamination’s implications
on biogeochemical fluxes, contaminant mobilization, and biodiversity at various spatial and
temporal scales remains to be fully elucidated.

While ammonia and nitrate exhibit residence times spanning a few days to several weeks and
spatially constrained dispersion under typical baseflow conditions?’, gaseous nitrogen
compounds are characterized by considerably lengthier persistence and broader geographical
influence. Nitrogen oxide (NOx) compounds generated from the combustion of fossil fuels can
be transported thousands of miles between continents®® while undergoing photochemical
reactions that generate acid rain, deplete ozone, and produce smog detrimental to air quality?’.
Overall, fossil fuel burning leads to the atmospheric deposition of an estimated 25-33 Tg N yr°
130 Nitrous oxide (N20) generated from fertilized agricultural soils, runoff and leaching from
fertilizers, fossil fuels, and wastewater make up approximately 40-50% of the nearly 18 Tg N2O-
N emitted to the atmosphere per year’!. The predominant proportion of this quantity originates
from agricultural activities, 1-2% of nitrogen inputs to agricultural soils ultimately being
converted to nitrous oxide®?. Nitrous oxide, comprising 5-7% of global greenhouse gas
emissions, with approximately 300 times the warming potential of CO2** , and an atmospheric
residence time spanning decades®* presages an oracular form of harm that transcends temporal
and spatial confines. This is what scholar Rob Nixon would call “slow violence” which defies
ontologies of acute and localized regimes of violence®: “Violence is customarily conceived as an
event or action that is immediate in time, explosive and spectacular in space, and erupting into
instant sensational visibility”. This paradigm is harrowingly analogous to the violence of carbon
dioxide emissions as Malm writes “but there is also a different kind of violence: not rapid but
slow motion, not instantaneous but incremental, not body-to-body but playing out over vast
stretches of time through the medium of ecosystems and therefore far more difficult to capture
between book covers or on-screen than the bullets of a sniper’>®.

When describing the adverse effects of nitrogen in the environment it is important to make the
distinction of harm as opposed to violence. In the context of environmental relationships, harm
can be conceptualized as the materialization of an adverse environmental effect on an entity.
Violence represents the nexus between harm and the actions of another entity, whereby the
latter's conduct precipitates the infliction of such harm. The relationships between these entities



can be connected through structural violence as scholar Max Liboroin writes in conversation
with Bandy Lee®”-:

“Instead of defining violence as a direct event of force or coercion, the concept of structural
violence “directly illustrates a power system wherein social structures or institutions cause harm
to people in a way that results in maldevelopment or deprivation... that constrain[s] them from
achieving the quality of life that would have otherwise been possible.” Structural violence affects
different people differently, creating and solidifying social differences and stratification”

Thus, the relegation of violence to harm serves only to obfuscate structural power dynamics,
alienate the recipients of harm, and absolve accountability of culpable agents involved. The
individuals afflicted by the deleterious health consequences of nitrate exposure, or suffering
acute nutritional deficiency from food insecurity, the ecosystems destabilized due to an
overabundance of ammonium, and the climate change-induced migrants spurred by nitrous oxide
emissions did not merely become victims through spontaneous occurrence. They endure
suffering as a consequence of a systemic framework that actively engenders violence,
necessitating the presence of a recipient thereof.

1.1.3 Nitrogen and Relationality

The paradoxical duality of reactive nitrogen as both a pollutant and a vital component for life,
eludes comprehension through conventional Western paradigms of “waste” or byproduct, as
typically applied to other contaminants. Here the Indigenous practice of relationality is critical
to properly conceptualize reactive nitrogen in various contexts. Relationality is, as scholar
Lauren Tynan describes, “how the world is known and how we, as Peoples, Country, entities,
stories and more-than-human kin know ourselves and our responsibilities to one another”. It is
a worldview centered in the recognition of all entities existing in a state of relation with one
another, intricately interweaving humans, non-humans, and the natural environment within a
complex tapestry of memories, narratives, and histories. This epistemological approach hinges
upon specificity, which Liboiron refers to as “a methodology of nuanced connection and
humility”, emphasizing the discernment that the relationships deemed significant within one
context may diverge substantially within another. We can understand the effects of nitrogen
more appropriately through its relations in any environment, as scholar Emma Cardwell writes:

“Reactive nitrogen defies ontologies of individualism and can only be understood in relation.
The reactivity that makes it either a pollutant or a nutrient is relationally determined. The
fundamental characteristic of the N family is the way it relates. Most of the air around us is
nitrogen-about 80 percent of the composition, N2. Atmospheric nitrogen, however, is stable and
unreactive, its chemical bonds are remarkably strong. We breathe it in and breathe it straight out.
We pass through it, and it passes through us. It is so inert its early names-azote, mephitic air-
literally mean “no life.” It does react (does relation require reaction, the response inresponse-
ability?). And yet, in its reactive forms-the various nitrogen species in which those strong
atmospheric bonds have been broken, and new compounds created that are ready to interrelate
with other chemicals to make something new-nitrogen is life. It is key to development and
growth in living organisms, a building block of protein and DNA. It provides the energy for



plants and animals to grow, but it is also a powerful explosive, and has played a vital role in
human warfare and state-sanctioned murder for centuries.”*

Thus, the designation of nitrogen as “good” or “bad” relies on systematic binaries that are the
cornerstone of Western ontologies of classification and taxonomy. These binaries erode the
relational specificity that is paramount to understanding the kinship of nitrogen in various
settings. The intricate interrelations governing nitrogen's environmental function are pivotal for
comprehending the intricate dynamics between humans and their surrounding milieu. Hence,

prioritizing relationality facilitates a departure from paradigms that emphasize categorization and
extraction.

1.1.4 A Fix for the Ages

Figure 1.1 from the work of Pefiuelas et al. illustrates the anthropogenic inputs of nitrogen and
phosphorus to the biosphere since the onset of the industrial revolution, employing the natural
fixation of nitrogen in terrestrial and terrestrial and marine ecosystems combined as a
comparative benchmark>’.
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Figure 1.1: Historical inputs of reactive nitrogen into the environment
(1850-2000). Acquired from Pefiuelas et al. (2013).

Pre-industrial terrestrial biological nitrogen fixation is estimated to be 58 Tg N yr'! and additional
5 Tg N yr'! is contributed from lightning fixation of atmospheric nitrogen*!. Riverine export
from terrestrial sources to coastal waters, marine biological fixation, and atmospheric deposition
make up the 140 Tg N yr! of marine reactive nitrogen inputs*’. Anthropogenic nitrogen inputs
in the 21 century are estimated to be in the range of 210 Tg N yr'!, meaning that anthropogenic
nitrogen inputs now make up more than half of the total reactive nitrogen inputs to marine and
terrestrial ecosystems*. The frenetic pace of increases in anthropogenic reactive nitrogen inputs
to the biosphere has essentially made human contributions to reactive nitrogen inputs equal to
natural inputs to the environment. Moreover, contextualizing the rate of disruption within the
global nitrogen cycle necessitates juxtaposition with human-induced perturbations to the carbon
cycle. For instance, while fossil fuel combustion introduces approximately 6 gigatons (Gt) of
carbon (C) into the atmosphere annually, this figure pales in comparison to the exchange of
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approximately 100 Gt of carbon between terrestrial and atmospheric reservoirs, as well as
between marine and atmospheric reservoirs, respectively**. What implications does this hold for
the natural elemental cycles that have historically governed the conversion and transportation of
nitrogen throughout time immemorial?

The pivotal mechanism linking inert dinitrogen to the diverse array of reactive nitrogen
compounds is nitrogen fixation, encompassing the rupture of the triple bond within dinitrogen
and subsequent conversion into ammonia. This process, which will be further elucidated in
subsequent sections, is orchestrated by a select group of bacteria known as diazotrophs. Many of
these organisms engage in symbiotic relationships with leguminous plants, facilitating the
conversion of atmospheric nitrogen into ammonia and in return, receive a favorable habitat
within root nodules and energy-rich sugars. This biochemical transformation is enabled by
oxygen-sensitive enzymes known as nitrogenases, which continue to evade comprehensive
elucidation regarding its atomic mechanisms involved in cleaving the nitrogen-nitrogen triple
bond*. In the absence of human intervention the processing and export of nitrogen in mature
ecosystems tends to be local*®. Organic nitrogen in decaying vegetation is decomposed and
mineralized to ammonia flowing back into the soil and is either fixed through cationic
interactions with negatively charged soil minerals or converted to nitrate through nitrification.
The aerobic process of nitrification converts ammonia into nitrate which is much more
bioavailable to plants but is highly soluble and can leach away through groundwater transport.
Animals taking up nitrogen compounds through plant consumption deposit nitrogen rich waste
and return the organic nitrogen of their bodies to the soil following death. Local nitrogen cycling
before anthropogenic influences were to an extent highly regionalized as Gorman explains “All
things being equal, growth is balanced by death, and the decomposition of dead material supplies
the nitrogen needed for new growth.”® Nitrate not assimilated by plants was converted into
gaseous forms dinitrogen and nitric or nitrous oxide through full or partial denitrification
respectively, returning nitrogen to the atmosphere, providing a sink and closing the cycle.

Nitrogen cycling within marine environments exhibits greater variability and remains less
comprehensively understood compared to terrestrial cycling. A notable distinction lies in the
heightened significance of anaerobic ammonium oxidation in fixed nitrogen removal, contrasting
with the predominant role of denitrification in terrestrial systems. Furthermore, nitrogen
accumulation within marine sediments presents an additional dynamic, as its mobilization to the
surface is contingent upon prevailing currents. Terrestrial and marine nitrogen cycling is only
loosely coupled primarily through riverine exports of fixed nitrogen to coastal areas. Overall, the
cycling with atmospheric reservoirs tends to follow similar patterns in terrestrial and marine
environments. However, the fundamental assertion persists that the exchanges among
atmospheric, terrestrial, and marine nitrogen reservoirs engender a predominantly symmetrical
elemental flux across diverse Earth systems.

Based on phylogenetic reconstructions of nitrogenase genes, diazotrophy probably emerged 3.6-
3.2 billion years ago within the Last Universal Common Ancestor (LUCA) to support growth in
nitrogen-poor environments*’. The comprehensive elucidation of the evolutionary trajectory of
denitrification encounters complexity attributed to horizontal gene transfer. However, isotopic



analyses suggest the emergence of aerobic nitrogen metabolisms at least 2.5 billion years ago,
indicative of the evolutionary presence of nitrification and denitrification processes by that
epoch*. The collective body of scientific evidence indicates that the contours of the
contemporary nitrogen cycle have persisted for over half of the Earth’s 4.6 billion year history,
encompassing approximately two-thirds of the entire duration of life on Earth. Humans, in their
modern form, have walked the Earth for approximately 100,000 years and have had the capacity
to fix nitrogen on an industrial scale through Haber-Bosch for a little more than 100 years
amounting to 0.4e-6% of the cumulative history of the modern nitrogen cycle. On a temporal
scale conducive to human comprehension, if the historical timeline of nitrogen cycling were
compressed into a single day, the human capacity to fix nitrogen would amount to less than four
milliseconds. This simple diachronicity underscores the profound disruption wrought by human
activities on the equilibrium of nitrogen cycling, a process that took eons upon eons and
countless permutations of evolutionary selection to equalize in a proverbial blink of an eye in
geological time.

What are the implications of the complete destabilization of a biogeochemical cycle that is
critical to life on Earth in a timespan of just over 100 years? Colossal increases in reactive
nitrogen through atmospheric deposition and leaching radically reconfigure stoichiometric
limitations on primary growth, shifting billions of hectares of land that were conventionally
limited by nitrogen to acute phosphorus limitation, completely restructuring soil elemental
flows®. Reactive nitrogen deposition precipitates the enhancement of terrestrial carbon sinks
through increased photosynthetic activity resulting in untold disruptions to the global carbon
cycle®. Excess ammonium in temperate soils leads to soil acidification, base cation depletion,
and toxic metal mobilization®®. Reactive nitrogen enrichment leads to vertiginous shifts in
microbial, plant, and animal diversity at various scales®'. Thus, the advent of industrial nitrogen
fixation through the Haber-Bosch process marks not only human’s transcendence of ecological
limitations but a fulcrum in the manipulation of biogeochemical fluxes in Earth’s biosphere.
This juncture does not mark the genesis, nor does it represent the pinnacle of humanity's
appropriation of nature; rather, it signifies the apex of centuries-long processes characterized by
genocide, dispossession, and exploitation, deeply ingrained within an axiological framework
emphasizing commodification, extraction, and accumulation. It embodies the ossification of
colonial epistemologies and relational paradigms with the land, etched into the geological
substratum and isotopic archives of commerce. It is the imposition of historical materialist
perspectives onto the cadaver of pre-Capitalist and pre-Colonial ontologies of subsistence and
land stewardship. Haber-Bosch signifies not a “fix” in the conventional sense of transforming
dinitrogen to guarantee the production of dietary nitrogen for human sustenance, but rather a
“fix” in the most literal connotation of the word “to arrange something in a certain spot or
position.” It “fixes” colonial land relations that subvert the relationality of all living and non-
living beings in favor of a taxonomic ideology that conceptualizes nitrogen not as a gift of the
dead to the living, nor a reciprocal exchange between the atmosphere, hydrosphere, biosphere
and lithosphere, but rather as a quantifiable input to a unit of production. These relationships are
solidified spatially, temporally, and within the cognitive frameworks of humans, who are
presently engaged in an enduring endeavor to transform nitrogen into a commodity destined for
sale within market economies. How did this fix materialize? How did humans shift the
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paradigm of nitrogen as an elusive, amorphous idea of an idea into a modular input for
production? How does the use of nitrogen as currently conceptualized perpetuate colonial and
racial capitalist frameworks of epistemicide? We will explore and attempt to answer these
questions in the subsequent sections.

1.2 Dawn of Azotic Empire
1.2.1 The European Creation of Man

The term “human” up to this point has been utilized liberally with the assumed connotation of
the species Homo sapiens. Now it is critical to make the distinction between human and Human.
The biocentric state of consciousness and self-awareness attributed to the fundamental essence of
human existence necessitates critical deconstruction, revealing it as a socially constructed
concept originating distinctly from European intellectual traditions. The Human as scholar
Derrick White writes in engagement with Wynter’s Theory of the Human is “a transcultural
space that is not bound by science or superstition, it is a narratively created identity in which
people are socialized.”? in response to Wynter’s assertion “[T]he phenomenon of culture rather
than ‘nature’ or ‘history’ ... provides the ground of all human existential reality or actuality.”>
Wynter, whose Theory of the Human builds on the work of Mikhail Epstein adopts a similar
theoretical approach of “transculture” meaning ““a space in, or among, cultures, which is open to
all of them. Culture frees us from nature; transculture frees us from culture, any one culture.”>*
Wynter extends this methodology to its logical conclusion, contending that various societies and
cultures engender a dialectical framework concerning cultural and humanistic understandings of
existence, which serve to delineate a concept of "Self" or "man" juxtaposed against an "Other">>.
This conceptual framework of self-awareness, contextualized within socially constructed notions
of a unified cultural identity juxtaposed with the perception of the outsider, is pivotal for
elucidating the Greco-Roman, Judeo-Christian European conceptualization of "Man".

The European conception of the Human is grounded in epistemic origins stemming from Judeo-
Christian tradition. Following the Gregorian reform era, this ideology delineated the Human as
“sinful by nature”, subsequent to the Adamic fall, and thus “primarily the religious subject of the
Church”. This belief system is rooted in the Greco-Roman astronomical tradition which Wynters
explains through scholar E.C. Krupp’s words to have “mapped their “descriptive statements” or
governing master codes on the heavens, on their stable periodicities and regular recurring
movements”>*>° and thus:

“mapped their specific criterion of being human, of what is was “to be a good man and woman
of one’s kind”, onto the physical cosmos, thereby absolutizing each such criterion; and with this
enabling them to be experienced by each order’s subjects as if they had been supernaturally (and,
as such, extrahumanly) determined criteria, their respective truths had necessarily come to
function as an “objective set of “facts” for the people of that society-seeing that such truths were
now the indispensable condition of their existence as such a society, as such people, as such a
mode of being human.”3-*°

Put differently, the Greco-Roman presuppositions regarding celestial stationarity functioned to
agglutinate conceptions of a purportedly “natural” social hierarchy with notions of “celestial



perfection” juxtaposed against tellurian “imperfection”, thereby evoking notions of an “objective
truth” or “universalism.” Hence, pre-Renaissance conceptualizations of the Human were closely
intertwined with the ecclesiastical framework of Christendom which anointed the European
populace as “God’s chosen people” with a divine right to salvation. These constructs were
intricately linked with perceptions of individuals adhering to alternative religious traditions,
notably Islam, delineated as diametrically opposed to the Christian Man, thus emblematic of the
quintessential “Other”. This sentiment underwent a significant escalation catalyzed by the
military campaigns of the Crusades during the 11th to 13th centuries and the ensuing
Reconquista orchestrated by the consolidated Castilian-Aragonese monarchy. With this idea of
the Human, religion served as the axiological paradigm defining society as scholar, Ramén
Grosfoguel describes in Reconquista era Spain the “purity of blood” discourse was used to
commit genocide and epistemicide of Jews and Muslims in the conquest of Al-Andalus®’. The
aforementioned rationale was operationalized to burn Indo-European women as “witches” in the
sixteenth century whose communal land relations and oral traditions of “astronomy, medicine
biology, ethics, etc.” were perceived as a direct challenge to the prevailing “Christian-centric
patriarchy”’.

During the Renaissance period, marked by significant influences such as the Copernican
heliocentric model—initially deemed heretical—, the discovery of the Americas, and the
Protestant Reformation, there occurred a notable shift in the animating axis of cultural
cohesiveness and thus the conception of the Human. This transition witnessed a departure from
an ecumenical religiosity towards an ideological framework rooted in rational humanism. This
transformation finds its most poignant expression in the advent of Cartesian dualism,
encapsulated in the axiom, “I think, therefore I am,” signifying a profound reorientation of the
locus of knowledge and authority away from the omnipotent God of Christendom towards the
individual “I"*’. Through Cartesian philosophy Descartes “claims that the mind is of a different
substance from the body” and thus “the mind is similar to the Christian God” marginalizing
knowledge generated in “particular social relations” or “from a particular space in the world”,
favoring an epistemological stance of “objectivity” or “neutrality” that aspires to universalize the
process of knowledge production®’. This process played a pivotal role in the epistemicide which
was symbiotically coupled to the genocide of Indigenous peoples in the Americas, and to dismiss
alternative forms of knowledge deemed “inferior”, while concurrently perpetuating discourses of
objectivity within Western academic establishments. Therefore, the Renaissance-era
comprehension of the Human, underpinned by the discourse of European conquest and
colonization, elevated Man to the role of paramount arbiter and transmitter of universal truth,
supplanting the divine as the primary source, and interpreter of epistemic superiority>®. Hence,
the maxim “I think, therefore I am” morphed into “I conquer, therefore I am”, serving to justify
the dispossession of Indigenous territories, finally evolving into “I exterminate, therefore [ am”,
a rationale employed to justify acts of genocide.’’*® Moreover, the invocation of rationalism
during this period served to diminish the primacy of the Human’s allegiance to the Church,
instead highlighting the importance of socially constructed norms of reason, as defined by the
state®. Consequently, the Renaissance-era concept of the Human transitioned from being
primarily aligned with the interest of the Church to becoming a biopolitical entity subject to the
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authority of the state®*. This shift not only eroded the Church’s hegemony but also bolstered the
authority of burgeoning nation-states.

Amidst the frenetically expanding pace of colonization in the Americas and the simultaneous
religious upheaval of the Reformation, which engendered a palpable schism between Protestants
and Catholics, the antecedent perceptions of the Human functionalized by pre-Renaissance
religious frameworks encountered a profound existential quandary. Catholic Spain, the dominant
force in the initial phase of European colonization in the Americas, significantly overextended its
resources in the pursuit of gold®. Its reliance on the transatlantic slave trade and Indigenous
encomiendas to meet labor demands paradoxically hindered its capacity to quell incessant slave
revolts, as its stringent adherence to principles of blood purity limited colonization efforts to
individuals of pure Catholic lineage®. Thus, race slowly replaced religion as the dominant
axiological framework to separate the Human from the “Other” as scholar Garald Horne writes:

“Another analyst, looking back from the vantage point of 1933, found that Spain was
overstretched as early as the mid-sixteenth century, creating an opening for England; besides,
said Henry Wilkinson, Madrid’s “financing was from Lombardy, since in their religious frenzy,
Spain had extruded not only the Moors but the Jews also,” a policy inimical to a viable
colonialism. Yet by the 1560s, he says, Africans “greatly outnumbered the Spaniards” in the
colonies, creating inherent instability and numerous arbitrage opportunities for the enslaved to
exploit. London’s ability to create Pan-Europeanism in settlements served to forestall what had
debilitated Madrid.”’

The English’s stringent racialism of non European peoples, refined and optimized through their
brutal colonization of Ireland, served to materialize the codification of “whiteness”. The concept
of race pre-dates the development of Capitalism in European feudal societies as the late scholar
Cedric Robinson explains in his outline of racial capitalism in Black Marxism “Racism... was
not simply a convention for ordering the relations of European to non-European peoples but has
its genesis in the ‘internal’ relations of European peoples. The development, organization, and
expansion of capitalist society pursued essentially racial directions, so too did social ideology.
As a material force, then it could be expected that racialism would inevitably permeate the social
structures emergent from capitalism”®. Nevertheless, the emergence of the pan-European
construct of whiteness did not manifest until the imperative of European colonization compelled
its formulation to facilitate the subjugation of Africans and the eradication of Indigenous
populations. Thus, the English expedited the course of colonization by operationalizing the
concept of whiteness, employing it as a tool to escalate the genocidal practices against
Indigenous populations and the enslavement of Africans to apocalyptic levels, exemplified by the
English axiom, "the only good Indians are dead Indians."*®. Against the backdrop of European
colonial terror and the fissure of the Reformation, the renaissance era Human sublimated into
Colonial Man that was driven by rationalism imbued with divine authority, a biocentric
superiority complex, and relentless dominance of the “Other” facilitated by racial constructs
inherent in the ideology of whiteness.

The aforementioned definitions of the Human posit three critical implications for our
examination of the anthropogenic nitrogen cycle. The first is that the Human is inherently
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separate from nature. This concept emanates directly from the theocentric ideology of creation
influenced by Platonic philosophy which asserts that “God, having completed his Creation and
wanting someone to admire His works, had created Man on a model unique to him, then placed
him at the center/midpoint of the hierarchy of this creation, commanding him to “make of
himself” what he willed to be—to decide for himself whether to fall to the level of the beasts by
giving into his passions, or, through the use of his reason, to rise to the level of the angels™®'.
According to this rationale, the Human is imbued with a divinely sanctioned entitlement to
dominion over the natural world by virtue of the act of creation. Wynter further expounds on this
distinction: “as a creature standing between “the physical world of nature” and the “spiritual
world of the angels of God” as balanced between “natural” and “supernatural” order. It was in
the context of this syncretized reinscription that the new criterion of Reason would come to take
the place of the medieval criterion of the Redeemed Spirit as its transumed form—that the master
code of symbolic life and death would now become that of reason/sensuality”. This view of
nature is in direct opposition to Indigenous cosmologies that emphasize relationality as embodied
in the work of scholar Enrique Salmon: “When [Indigenous] people speak of the land, the
religious and romantic overtones so prevalent in Western environmental conversation are absent.
To us, the land exists in the same manner as do our families, chickens, the river, and the sky. No
hierarchy of privilege places one above or below another. Everything is woven into a managed,
interconnected tapestry. Within this web, there are particular ways that living things relate to one
another”®?. The European concept of the Human is by definition external to the land, devoid of
relation, unbounded by an obligation to the other human, non-human and other physical and
spiritual elements that constitute it. In the eyes of the Human, nature is perceived merely as an
untamed reservoir, divisible into physical units of “standing reserve” for the unidirectional
extraction and utilization of resources®. This process is facilitated by Western ontologies
characterized by principles of separation, classification, and quantification, which seek to
transform nature into an inexhaustible repository of discrete units primed for production.

The second critical implication is that the Human has an inalienable right to property. In the
liberal framework, property inherently constitutes a system of rights delineated by social
relations, fundamentally characterized, as elucidated by legal scholar Cheryl Harris, as a “right to
exclude™®®. This delineates what we might conceptualize within the realm of classical political
economy as bourgeois private property, distinct from alternative forms such as communal
property or commons®. Property in this sense being coterminous with individual ownership is
philosophically and politically imbricated with the dichotomy between the conditions of freedom
and enslavement. As the philosopher John Locke famously asserts, "every man has a 'property’
in his own 'person," signifying the inherent bodily autonomy of the Human, which is
manifested through the right of individuals to exercise ownership over themselves. The
teleological implication of this assertion is that individuals who are enslaved are deprived of both
the right to bodily autonomy and the right to property. In the context of Colonial Man and the
European endeavor of Indigenous genocide and African enslavement, property rights establish a
metonymic association with the nascent construct of whiteness, wherein freedom was equated
with whiteness and concomitant property entitlements, while enslavement was correlated with
blackness and the absence of such rights. Harris adopts this ideological framework and extends
its ramifications by asserting that: “Whiteness defined the legal status of a person as slave or
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free. White identity conferred tangible and economically valuable benefits and was jealously
guarded as a valued possession, allowed only to those who met a strict standard of proof.
Whiteness—the right to white identity as embraced by the law—is property if by property one
means all of a person’s legal rights” or in others word whiteness in itself constitutes a property
right. This same ideological framework was also weaponized for the dehistoricization of
indigenous land stewardship and concurrently Indigenous land dispossession. This is rooted in
Locke’s labor theory of property: “The labour of his body, and the work of his hands, we may
say, are properly his. Whatsoever then he removes out of the state that nature hath provided, and
left it in, he hath mixed his labour with, and joined to it something that is his own, and thereby
makes it his property.”®® In light of these premises, the attribution of property rights to land is
predicated upon an owner's capacity to enhance the land, a concept rooted in European
frameworks governing land commodification and administration. Indigenous methods of land
stewardship, often communal in nature and divergent from these standards, were deemed inferior
by Colonial Man. Consequently, Indigenous practices fostered an impression of lands perceived
as unaltered and untended, a perspective endorsed by colonial authorities and subsequently
adopted in the nascent American context®’. This perception served to undermine Indigenous land
rights, relegating them to mere usufructs. Moreover, this rationale constituted the legal
foundation for Indigenous land dispossession and concurrently shaped the framework for the
valorization of property rights within early American legal systems®®. Hence, concomitant with
the Human’s right to property is a biopolitical agenda of the state, which dictates the legal
safeguards afforded to property and consequently facilitates the transformation of nature,
irrespective of prior patterns of habitation or governance, into private property intended as a
material basis for production.

In the framework of our analysis of anthropogenic nitrogen pollution, the initial two implications
of the Human are pivotal for elucidating the modalities underlying the social relations that
engender the transfiguration of nitrogen into a modular input for production. The recognition of
the Human as inherently distinct from nature, coupled with the assertion of property rights
enabling the transition of communal resources into private ownership, forms the foundational
tenet that underpins the historical materialism evident in agriscience and biochemistry. This
transition delineates our movement from the relational paradigms inherent in Indigenous
cosmology and land stewardship towards the ontological underpinnings that facilitate the
quantification and commodification of nature. The evolving understanding of nitrogen resides
within the interstices of the historical progression of nation states embodied by liberal
interpretations of bourgeois property rights, political economy, and market orientated modes of
production. The ultimate and paramount implication of the Human, which will establish the
framework for the subsequent discussions in this chapter, will be expounded upon in due course.

1.2.2 The Relational Paradigm of the Human and the Inhuman

The third and most critical implication of the world-building framework engendered by the
Human is the conception of what scholar Kathryn Yusoff outlines as the “Inhuman”® or
alternatively articulated by scholar Frank Wilderson III as the “Slave™’®. Considering every

designation of a state of existence it becomes evident that an antithesis is indispensable for
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delineating its material implications, the status of being alive necessitates an awareness of death,
the perception of light is contingent upon the existence of darkness, and heat cannot be
understood without the absence of heat—cold. Thus, the corporeal manifestation of the Human
as a biocentric actant within a narrative of conquest and domination cannot be fully
conceptualized without juxtaposing it against its antithesis, the “Inhuman”. The “transcultural
space” theorized by Epstein®* and Wynter produces culturally contextualized understandings of
the “Self” necessarily in relation to the “Other>* which lies beyond the confines of any
communal framework of self-awareness. It is imperative to clarify that within the hierarchical
construct of living and autonomous entities as delineated by the Human, the notion of the
"Other" assumes a crucial role as an ontological marginalization. However, it is more accurately
designated as "Sub-Human," as it exists external to the parameters of the Human but does not
inherently constitute its essential reciprocal negation’. The Inhuman or the Slave is the
agglomeration of everything that is antithetical to the Human who has autonomy, biocentric
superiority, and inherent property rights. It represents an object that is inert, devoid of will,
agency, or consciousness functionalized through the concept of blackness®. The Slave
according to scholar Saidiya Hartman is “the object or the ground that makes possible the
existence of the bourgeois subject and, by negation or contradistinction, defines liberty,
citizenship, and the enclosures of the social body”’! meaning the personhood, rights, and agency
of the Human is necessarily defined by the negation of those things in the Slave. The
transfiguration of the enslaved African into the Inhuman is facilitated by what the esteemed
scholar Orlando Patterson terms “social death™’? and further elucidated by scholar Hortense
Spiller through the notion of “historical stillness””* that fully alienates and removes the enslaved
from the social tapestry of the world, rendering them ahistorical and inherently static and
undynamic. Within this framework, it becomes apparent that the Inhuman does not embody life
in the manner comprehended by the Human, characterized by the unrestricted prerogatives of
dominion and appropriation. This designation of the Inhuman as nonliving is what Yusoff
describes as “geopolitics” that is a praxis utilized to relegate objects to the status of living or
non-living, resonant with geological taxonomies utilized in mineral extraction as Yusoff
explicates “The biopolitical category of nonbeing is established through slaves being exchanged
for and as gold. Slavery was a geologic axiom of the inhuman in which nonbeing was made,
reproduced, and circulated as flesh.”®® In essence, the Human, asserting property rights and
converting nature into private property for extraction, necessitates the designation of the
Inhuman as a non-living entity, thereby positioning it as a subject for extraction. Without the
Inhuman, the Human forfeits biopolitical autonomy essential for the assertion of freedom,
leading to the obfuscation of distinctions between states of enslavement and liberty as Wilderson
explains “What civil society needs from Black people is confirmation of Human existence.””

Although the imbrication of slave and blackness constitutes the fundamental axiom shaping the
contemporary global order, the European derivations of the “Other” in relation to the Human and
constructs of race and blackness, have established intertwined yet distinct evolutionary
trajectories before coalescing. In the pre-Renaissance conceptualization of the Human, defined
primarily through Christendom and the hegemony of the Church, the “Other” was manifested
through Islam exemplified by the presence of the Moors in Al-Andalus and the Arab kingdoms
of the Middle East and later Ottoman Empire at the peripheries of Christendom. Therefore,
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preceding the complete crystallization of race as a social construct, Medieval Europe associated
Africa with a representation of satanic witchcraft, symbolized by the figures of the "black
moore" or the "Ethiope"*®°. Nevertheless, the intricate entanglements of Islam with notions of
blackness and demonology were not inherently racialized during this period. Consequently, the
designation of the "Other" was typically correlated with individuals perceived as adherents of a
"lesser god"*’. The construct of race emerged in Medieval Europe to delineate various ethnic
groups that today would all be considered “white” in order to rationalize the exploitation of
specific caste as Robinson explains “The tendency of European civilization through capitalism
was thus not to homogenize but to differentiate—to exaggerate regional, subcultural, and
dialectical differences into ‘racial’ ones.” The nascent stages of capitalism and the emergence of
a modern bourgeoisie, crucial components in shaping the contemporary global structure, were
inherently intertwined with the widespread and aggressive racialization of diverse ethnic groups
within Europe. It was not until the dissolution of feudalism and emergence of mercantilism that
this praxis was extended to other non-European peoples.

Slavery had been entrenched in European societies since Antiquity, with historical records
indicating Greek and Roman economies to be heavily dependent on the extensive utilization of
slave labor’*”>. The rationalizations of slavery as a necessary condition for society were deeply
ingrained within Greek law and philosophy and were subsequently extended to its evolutionary
derivate in Judeo-Christian ideology’®. By the Medieval Era in Europe slave labor was
concentrated primarily around the Mediterranean with slave domestic work in urban centers
being quite common’’. Notably, in early industrial and mercantile metropoles Genoa and Venice,
enslaved individuals constituted a significant portion of the population, reaching levels as high as
10%’®. Thus, the Mediterranean developed as a principal conduit for the trafficking of slaves
from various ethnic and racial origins to major slave ports including Genoa, Venice, Barcelona,
Valencia, Seville, and Malta in Europe, Algiers, Tunis, Tripoli, and Alexandria in North Africa,
Istanbul in Anatolia, and Cyprus (notably for sugar production)’. As a result, the Mediterranean
slave trade is estimated to be one of the most lucrative trades in all of Medieval Europe and
especially critical to the development of mercantile capitalism in Italian city states®’. Religiously
motivated enslavement proliferated with papal proclamations sanctioning the subjugation of non-
Christians consequently propelling enslavement of Muslims within Christian territories, as well
as the enslavement of Christians in Al-Andalus and North Africa to become commonplace®!.
Through the Mediterranean slave trades Europeans encountered North African Moors through
commerce with Morocco and sub-Saharan African slaves through the Trans-Saharan slave
trade®®. However, the most commonly enslaved ethnic group in Europe for the majority of the
medieval period were Slavs from Eastern Europe and the Black Sea and hence the etymological
introduction of “slave” into the English language®.

Two historical occurrences were paramount to the increasing popularization of African slave
labor and the consequent homogenization of diverse sub-Saharan African peoples into the
“Negro” and the conflation of blackness with slaveness. The first is the fallout of the War of

3 Europeans had a general awareness of Ethiopia since Greek and Roman antiquity and had colloquially associated
Ethiopians with blackness and thus Medieval discourse often generalized blacks to Ethiopes.
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Chioggia in 1381 between Genoa and Venice that alienated Genoa from Eastern Mediterranean
spice routes and the lucrative sugar trade based in Cyprus, and second is the fall of
Constantinople to the Ottoman Empire in 1453 severing Mediterranean connections to the Black
Sea and its reservoirs of slave labor®?. These historical developments compelled Genoa to turn
West to the Iberian peninsula to leverage burgeoning relationships with Spain and Portugal both
of which were looking to expand into nascent frontiers in the Atlantic and Africa. Consequently,
the disruption of traditional slave routes in the Black Sea spurred an increased demand for other
sources of slave labor™. Genoese capital and financing were critical to the initial slaving
expeditions of the Portuguese into West Africa culminating in the documented maiden slaving
voyage in 1444 into what is now Sierra Leone that delivered 300-400 Africans into bondage in
Lisbon®®. Throughout the remainder of the 15™ century Lisbon dominated the emerging West
African slave trade reaching Senegal and Cape Verde by 1446, Benin and Biafra by 1474 and
Congo by 1483%. The incipient prevalence of African slavery in the Iberian peninsula demanded
an ideological companion as an accoutrement of the mercantile capitalism developing
simultaneously. Propagations of the inherent inferiority and bestiality of individuals of African
descent were formulated to justify paternalistic attitudes towards their enslavement, portraying it
as a requisite endeavor for their supposed civilizing and Christianizing as royal Portuguese
Chronicler Gomes Eanes de Zurara reports on Lisbon’s first slaving voyage of 1444 in 1450:

“for amongst them were some white enough, fair to look upon, and well proportioned; others
were less white like mulattoes; others again were as black as Ethiops*, and so ugly both in
features and in body, as almost to appear (to those who saw them) the images of a lower
hemisphere. But what heart could be so hard as not to be pierced with piteous feeling to see that
company?”%4

This report was widely circulated throughout Europe, significantly influencing European
perceptions of Africans as innately predisposed to servitude®’. Consequently, it laid the
foundation for the burgeoning significance attributed to Africans within the framework of slave
labor in the nascent system of mercantilism.

The Portuguese pioneered the model of the plantation system of the Americas, laying its
foundations in their Atlantic possessions in the Azores, Cape Verde, and Madeira®. Madeira was
possibly the first of such examples wherein the landscape was entirely repurposed for sugar
production with a diverse mix of sub-Saharan African, North African, Mediterranean, and
Levantine slaves for labor. Sdo Tomé, however, emerged as the archetypal exemplar of
plantation agriculture characterized by racialized slave labor, notably with sugar production
bolstered by copious imports of slaves from the Congo®®. Due to navigational prowess the
Iberian peninsula emerged as the preeminent power in the Age of Discovery as Horne explains
“From the early 1440s to 1521 an estimated 156,000 Africans arrived in Spain, Portugal, and the
Atlantic islands, mostly from today’s Guinea-Bissau, Guinea-Conarky, Senegal, the Gambia, and
parts of Mali and Burkina Faso.”® As a result, upon Columbus’ “discovery” of the New World
in 1492, the groundwork had been laid to translate the experiment of cash crop agriculture in the

4 Again there is the reference to Africans as black as Ethiops, indicating a widespread association with Ethiopians
with blackness.
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Atlantic islands to an industrial scale bringing along with it the decimation of Indigenous peoples
and the mass forced migration of Africans. These developments were paralleled by escalating
debates over the ethical grounds of Indigenous versus African enslavement epitomized by the
seminal debate between de las Casas and Sepulveda that ultimately determined the Indigenous
having never encountered Christianity had “souls” and were thus eligible for conversion,
whereas Africans having been exposed and proving recalcitrant to conversion relegating them to
non-Christians and thereby justifying their enslavement®’. These debates alongside the
perception of the Indigenous as inherently feeble and unfit for physical labor gave the proverbial
“green light” to early Portuguese and Spanish colonial authorities to pursue African enslavement
with the utmost vigor.

The culmination of these historical developments resulted in the congealing of the Human as the
protagonist in the narrative of discovery, Christianization, and civilization and the Inhuman as its
necessary negation forming a dialectic prompting blackness to become coterminous with
slaveness. However, it is a fallacy and act of historical obscurantism to assert that racialized
theories of inferiority drove the enslavement of Africans, the reality is quite the converse, the
economical and political imperatives of African slavery demanded an ideology that rationalized
and encouraged African enslavement based on humanist perceptions of personhood centered in
Western ontologies of categorization and extraction. In doing so the Slave is reduced to
“nonagentic matter” through “thingification” paralleling geological designations of mineral
matter as Yusoff explains in engagement with Hartman and Spiller:

“The slave in this formulation is rendered as matter, recognized through an inhuman property
relation—what Saidiya Hartman calls fungibility—as a commodity with properties, but without
subjective will or agency (or “flesh”, as Hortense Spiller has it). Rendering subjects as inhuman
matter, not as persons, thereby facilitated and incorporated the historical fact of extraction of
personhood as a quality of geology at its inception.”®

This process was essential for the transfiguration of New World peoples, landscapes, and
cosmologies into the constitutive inputs for mercantile production as Wynter describes in her
seminal work Black Metamorphosis “the reduction of Man to Labour and of Nature to Land
under the impulsion of the market economy.”®® The emerging system of production that
completely reoriented social relations, land management, and existing practices of commerce
was entirely contingent on the relegation of the black to the Inhuman, an entity entirely devoid of
personhood or autonomy for the purposes of exclusive control and extraction of surplus labor.
The overt valorization of the black to its labor power was done for the sole purpose of fungibility
to be transported, utilized, and disposed as a modular input for the capitalist system of
production as Wynter explains:

“The not-I of Western idealist philosophy, that humanism which later spawned the concept of the
rights of man, was the non-white sub-human assimilated to Nature and the ultimate non-white
was black. The systematic devaluation of the black as human went hand in hand with the
systematic exploitation of his labor power.”
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Hence, it would be a tautology to make the assertion that the Slave is utilized for its labor power
or that the Inhuman lacks agency or will as compared to the Human because the Slave is
inherently a manifestation of Colonial Man’s desire for fungible labor and the Inhuman is
intrinsically an object of extraction to materialize the Human’s property rights. The fact that
these designations are inextricably imbricated with blackness carries the implications of Black
people by virtue of existing in the world as presently constituted are merely infinite reservoirs to
deposit the material, spiritual, and epistemological violence that structures the world. The
natural question one would ask is how does this at all relate to nitrogen as a pollutant in the
current world order? The simple answer to this question is because gaseous nitrogen as
etymologically indicated is mephitic, phlogisticated, lifeless, and inert but at the same time vital
to the Human conceptual understanding of life and sentience. Nitrogen, abstracted from its
relational paradigms as an agent of both life and death, is ontologically rendered to a state of
unbeing, as an immaterial object, which is ripe for separation, quantification, commodification,
and extraction. The current world order that is structured around state monopolized violence for
the extraction of labor power for commodity production in market-oriented economies is
critically dependent on the black being the epicenter of subjugation and barbaric violence just as
it is dependent on nitrogen as a lifeless entity that can be extricated and commercialized. Both of
these paradigms endeavor to transmute the Slave and Nitrogen as an element into inert
nonagentic matter that can be morphed into modular inputs of production as both labor and
capital. In the eyes of the Human, the Inhuman and Nitrogen are constituted of the same lifeless
matter that both justifies and encourages its exploitation and expropriation. With this
understanding, we can now proceed to examine the history of these extractive relationships and
how these relationships have been shaped by various political, economic, and historical
developments.

1.2.3 Nitrogen in Agriculture from pre-history to the Mercantile Period

Early humans adopted a variety of peripatetic hunting and foraging techniques prior to the
Holocene in order to maintain sufficient intake of dietary nitrogen®’. Populations were managed
effectively in order to ensure finite resources would not be overextended, thereby mitigating
anthropogenic perturbations on the nitrogen cycle to a negligible extent®. Evidence of diverse
iterations of sedentary agricultural practices emerges sporadically throughout prehistoric epochs,
spanning from the cultivation of yam fields in the Borneo highlands approximately 30,000 years
ago to the inception of bread-making using wild cereals in the Levant around 11,000 years ago’!.
However, it is generally accepted that by about 10,000-8,000 years ago, a significant transition
from hunter-gatherers to sedentary agricultural settlements had been made in various places
across the globe®. This progression likely transpired in a non-linear fashion, with hunter-
gatherer communities and agricultural societies cohabiting for a certain duration®’. Scholarly
discourse persists regarding the motivating factors underlying the transition from hunter-gatherer
lifestyles to agriculture, encompassing hypotheses ranging from climatic stability during the
Holocene’s onset to the decline of large game populations®®. The shift from nomadic patterns of

5 Transitions to sedentary agricultural settlements was also a self-reinforcing cycle, for example the domestication
of animals would restrict mobility, construction of semi-permanent and permanent dwelling and storage would
disincentivize migratory patterns. See The Emergence of Agriculture (Smith, 1995)
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habitation and resource utilization to enduring settlement precipitated significant alterations to
the nitrogen cycle, concurrently establishing fundamental frameworks conducive to the
emergence of capitalist systems.

While it is highly probable that ancient societies lacked a comprehensive understanding of the
mechanisms dictating soil fertility, one might reasonably infer that repeated cultivation on the
same land over successive years would compel early agriculturalists to recognize declines in soil
fertility through empirical observation. Through adaptive selection and experimental
adjustments many societies likely learned to develop soil fertility management practices or
depend on natural resources to provide fertilization. One of the earliest soil management
practices was likely the intentional practice to let fields remain fallow wherein farmers would
observe the gradual recovery of soil fertility over time*®. This practice was likely complemented
by a proto-sedentary cyclical slash and burn where forested areas were systematically cleared
and burned, releasing accumulated nutrients® and fertilizing the soil prompting a perpetual
pattern of migration to fresh territories*®. Nevertheless, this practice was constrained to regions
devoid of acute land scarcity or those situated in tropical areas where fallow fields could
regenerate into forest cover within a decade or two’. Farmers also learned to leverage natural
resources; many of the prominent Ancient civilizations including Egypt, Mesopotamia, Indus
Valley, and Han China, emerged in river valleys or floodplains that flooded annually and
provided rich alluvial deposits that would provide an influx of nitrogen to the soil*®. Organic
recycling of crop residues probably developed concomitantly with the emergence of sedentary
agriculture®. Other civilizations facing land scarcity such as Han China developed an awareness
of animal’ and human waste as natural fertilizers deploying them extensively to compensate for
the challenges posed by a high population-to-arable-land ratio®*® and this knowledge had almost
certainly been popularized in Europe by the apex of Greek and Roman civilization’® %,

The awareness of integrating leguminous crops (beans, lentils, peas, clover, alfalfa) developed
independently throughout many regions with historical indications of lentils and pea rotations
with wheat and barley in the Middle East by 7000-6000 B.C.*° and documents of beans, lentils,
and chickpeas in Old Kingdom Egypt® serving as some of the oldest examples. However,
intercropping and crop rotations of legumes with different root crops and cereals was common in
Europe, sub-Saharan Africa, Asia, and the Americas®. The utilization of legumes in crop
rotations facilitated the evolution of knowledge regarding their efficacy as green manures with
some of the earliest historical recordings of these practices dating back to fifth century B.C. Han

6 Most nitrogen was probably lost through NO, combustion in the fires and only a small proportion returned to the
soil through deposition but this was likely enough to yield a few good harvests-see General Energetics (Smil 1991)

7 The use of animal waste as a fertilizer was in most cases contingent on the use of draft animals to plow fields, and
this was constrained to the “Old World” as the use of draft animals in the Americas did not seem to be widely
prevalent.

8 Nitrogen available to crops through traditional manuring practices was actually quite limited due to volatilization
and nitrate leaching

® Many reconstructions of Greek and Roman agriculture come from the works of philosopher Theophrastus (371-
287 BC) and Roman soldier, senator, and historian Marcus Porcius Cato (234-149 BC) and Pliny the Younger (born 61
AD)
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China records'” as well as Ancient Greek and Roman text’”!°!. By integrating organic

recycling, manuring techniques, crop rotations, and the cultivation of leguminous crops, the
foundational principles of pre-Industrial agriculture were solidified which according to Smil may
have provided on average 100-150 kg of N/ha annually or enough to feed roughly 5 people/ha’!?.
Innovations in farming such as Chinese double cropping with soybeans and rice extended to the
upper limit of this range and may have been enough to feed roughly 7 people/ha'! on largely
vegetarian diets®>. Furthermore, the transition from two-crop'? to three-crop rotations in
Medieval Europe, eventually leading to the English Norfolk rotation, may have provided similar
nitrogen inputs which could sustain 3-4 people/ha on diets rich in dairy and meat’.

The development of agricultural societies instigated alterations to the nitrogen cycle initially
centered around the widespread cultivation of wetlands eliminating their function as a sink for
fixed nitrogen and the redistribution of alluvial nitrogen through irrigation projects*. Agrarian
food production also heralded the inception of surpluses that could be stored or traded,
incentivizing the establishment of markets and trade relationships'® with neighboring settlements
prompting transformative changes in the social structures of human interaction. This
development precipitated the establishment of a centralized mode of governance that would be
able to manage surpluses, land and irrigation projects, regulate trade, and construct a legal
framework to mediate conflict*s. In most pre-industrial societies, the predominant portion of
labor was dedicated to growing sufficient food to sustain the population as scholar Hugh Gorman
explains “No ancient society could maintain a population of soldiers, miners, artisans, judges,
accountants, and administrators unless peasants were able to produce enough food to feed them.
And generating that surplus presented a significant challenge. A rough rule of thumb is that, in a
traditional agricultural society, about 90 percent of the population was needed to produce,
process, and transport enough food to feed the entire society.”*® Put differently, for an empire to
ascend, surplus value must be extracted from the labor of the peasantry. These societal changes
heralded the advent of the first codified inscriptions of exploitation in the form of taxes, tributes,
slavery'*, or a combination of all three*®. Surplus facilitated the emergence of non-agrarian
populations, laying the groundwork for the first towns and cities, and the establishment of
centralized systems of trade and commerce, thereby exacerbating existing disparities in societal
wealth distribution. The other transformative social change that agrarian societies engendered
was the transition to patriarchy. In hunter-gatherer societies matriarchally centered social

10 These estimates are based on an assumption of a minimum nitrogen efficiency (the amount of nitrogen taken up
by the crops relative to nitrogen applied) somewhere in the range of 20-30% and an average protein intake of ~16
kg protein/person. See Enriching the Earth (Smil, 2004)

11 These estimates are based on historical reconstructions of crop rotations estimating a maximum nitrogen use
efficiency of around 50-60% that would theoretically be able to feed 12-15 people/ha but must be adjusted for
nonfood crops and limits on multicropping and water supply at different scales

12 Two crop rotations had been popular in Europe since the Romans

13 Markets and trade relationships are known to exists prior to sedentary agriculture, hunter-gatherers likely traded
obsidian and ocher. See “Long-Distance Stone Transport and Pigment Use in the Earliest Middle Stone Age”
(Brooks et al., 2018)

1 Slavery is theorized to have existed in hunter-gatherer societies prior to sedentary agriculture. See The Evolution
of Lethal Intergroup Violence (Kelly, 2005)
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networks were common given that procurement of food, aside from hunting, and other crafts
were overseen by women, rendering paternal lineage relatively inconsequential'®2. Following
the transition to sedentary lifestyles, starting with pastoralism, the capacity to generate large
surpluses (like herds of animals) prompted a societal reconfiguration that underscored the
importance of paternal lineage in delineating inheritance patterns!®?. This restructuring
marginalized women from the central roles in production within hunter gatherer societies to mere
instruments for producing heirs and undertaking domestic labor'. The extraction of surplus
value from labor, facilitating the accumulation of initial capital and the transition to patriarchy
constitute some of the most radical shifts in social relations that establish the prevailing global
socioeconomic structure.

1.2.4 Colonial Man and the Roots of Nitrogen Asymmetries

Before the advent of the mercantile era, characterized by the urbanization of European nation-
states'®® and the expansion of global commerce, nitrogen cycling was highly localized promoting
the cyclical exchange of nitrogen between the biosphere, lithosphere, and hydrosphere at local
and regional scales*. The cascade of historical developments precipitating colossal
redistributions of nitrogen across extensive latitudinal gradients is rooted squarely in the system
of market-oriented agriculture or cash cropping. Cash crops, although not the genesis of
capitalist systems of production, have wielded significant influence in expediting the penetration
of this mode of production into emerging markets. Producing crops for a market or their
“exchange value” has entirely different implications than producing food crops for subsistence or
their “use value” on the labor and natural resources used to produce them. The system of
commodity agriculture serves as the impetus for the proliferation of plantation farming and
mercantile trade relations, intrinsically linked to Indigenous genocide and African enslavement,
and constitutes the foundational underpinning for the prevailing syncopation of global nitrogen
asymmetries.

Growing crops for a market is hardly a mercantile inception, the Ancient Greek economy was
almost entirely dependent on cash crops fueled by slave labor and the Roman latifundium
emulated their model to propel extensive trade networks throughout their empire anteceding their
descendants in plantations of the Americas by almost two millennia®?. While the European
conquest of the Americas is often synonymous with the pursuit of gold and spices, the desire for
sugar held comparable significance. The cultivation of sugar in Portuguese colonies in the
Atlantic, dating back to the 1440s, finds its origins in the impetus provided by their Genoese
financiers and colonial predecessors.??. The Italian city states had exploited islands in the
Aegean for centuries during the Middle Ages and dominated the highly remunerative sugar trade
that flourished in Cyprus following its establishment by returning Crusaders in the late 13
century'®. The Medieval Genoese and Venetians established a commercial hegemony in the
Mediterranean following a model of slavery and colonization that facilitated the emergence of

15 This is not the case in all post-agricultural societies. Matriarchal social and family networks persisted in societies
in the pre-Columbian Americas, sub-Saharan Africa, and South Asia and there’s actually quite a bit of debate
against this view of archaic matriarchal societies. See The Myth of Matriarchy: Why Men Rule in Primitive Society
(Bamberger, 1974)
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financial innovations such as permanent trading firms, double-entry booking, debt instruments,
and banking®. Following climactic changes attributable to the Little Ice Age, compounded by
the ravages of the Black Death and consequent demographic downturn, Cyprus collapsed as the
nucleus of sugar production in Europe creating an enormous hole to fill voracious European
sugar demand®?. The Portuguese, seeking to leverage this opportunity, invested heavily in the
sugar trade, outfitting Maderia, the Azores, and Sao Tome as sugar factories'>. However, rapid
soil degradation, limited land supply, and incessant slave revolts tapered their projections and
presaged what was to become of European possessions in the Americas®®.

Following the “discovery” of the Americas and subsequent colonization, burgeoning European
nation states sought to consolidate hegemony into a nascent political economy through
mercantile economic policies such as market monopolization, high tariffs on manufactured
goods, and the accrual of monetary specie that was highly contingent on slavery and Indigenous
dispossession in what scholar Sven Beckert calls “war capitalism™!*®. War capitalism as Beckert
describes was “Slavery, the expropriation of indigenous peoples, imperial expansion, armed
trade, and the assertion of sovereignty over people and land by entrepreneurs”'%. This epoch
signifies what Marx would categorize as "primitive accumulation"'"” — the foundational
accumulation of wealth requisite for the emergence of industrial capitalism during the eighteenth
and nineteenth centuries, a process facilitated through coercive acts of dispossession and
expropriation. While cotton eventually emerged as the quintessential colonial commodity and
catalyst for the transition from war capitalism to industrial capitalism, sugar was the original
proverbial apple of Europe’s eye at the dawn of the mercantile period and this apple sprouted
rapidly in the West Indies. Slave imports to Jamaica alone are estimated to be 610,000 from
1700 to 1786'%%, 353,000 to Barbados between 1651 and 1807'%°, and 800,000 to Saint
Domingue between 1697 and 1789'1°!®. Exports of sugar from the British colonies alone went
from a negligible amount in the 1640s to nearly 26,000 tons/year in 1700 to nearly 100,000

tons/year in the 1770s'!!.

Sugarcane, the lifeblood of the West Indies in the early colonial period, held a value nearly
equivalent to that of gold, aptly earning the moniker “white gold” among planters and merchants
of the time. The commerce of sugar was so important to the British economy, Scottish
economists Adam Smith commented in his seminal treatise “The profits of a sugar plantation in
any of our West Indian colonies are generally much greater than those of any other cultivation
that is known either in Europe or America.”!'? Sugar along with other colonial commodities
constituted the basis of the renowned Triangular Trade, a system characterized by the exportation
of raw materials from the colonies to European metropoles, the exportation of manufactured
goods'®!7 to acquire slaves in West Africa, and the transportation of slaves to the colonies in
exchange for raw materials, thus culminating the cycle. This pattern of commerce epitomizes
mercantile trade relations between colony and motherland, effectively monopolizing trade, and
asserting hegemonic control that isolates colonial markets, even among colonies under the same

16 Spain should not be excluded from this consideration, however sugar was not a serious enterprise in Spanish
Caribbean colonies until the nineteenth century.

17 The most popular manufactured goods exchanged for slaves were guns, cotton cloth, and rum. See Capitalism
and Slavery (Williams, 1944)
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crown. Furthermore, the production of commodity crops within the plantation system
foreshadows and exemplifies industrial capitalism in a distinct manner as Beck describes “the
true importance of the Caribbean planters was not the cotton that was shipped, though that
remained essential, but the institutional innovation that the Caribbean experiment produced: the
re-creation of the countryside through bodily coercion, something only possible under war
capitalism.” Meaning that systematic hegemony imposed by industrialization derived its
rhythms directly from the genocide, dispossession, and enslavement of war capitalism. This is
manifested in the recognition that the plantation served as a true precursor to the factory, given
the systematic, centralized, and highly efficient extraction of labor it employed as Wynter
describes “the plantation and its mass labor force prefigured important aspects of the
organization of modern industrial/technological society. And, as both the earlier and later
theorists insist, the “slave functioned as an early form of the assembly line modern proletariat™.
The seasoning process which the slave underwent was not only a process of adaptation to this
new environment. It was also a breaking in of a peasant accustomed to a different rhythm of
group labor into a gang system of intensive carrying out carefully allocated tasks.”®® However,
the draconian violence and regulation of slave labor in the West Indies also contributed to
shaping working-class consciousness in Europe, particularly through a racial paradigm as Wynter
explains “By being allowed to terrorize the freed slave, the poor whites are induced to accept the
relatively milder forms and modalities of social repression exercised by the bourgeois[ie] against
them. The slave too used his vicarious identification with the rich masters to look down on the
poor whites. As Fanon says, the Negro oo wants to be master. The proletariat wants to be the
bourgeoisie, as the middle class black wants to be the white master”®®. In this context, Wynter
contributes to the transition of capitalism from a framework focusing solely on internal and
external systems of production and exploitation to a broader understanding of a world system

structured by the dominance of frontier markets!!?,

An often overlooked aspect of the Triangular Trade paradigm is the ecological overdraft and
underlying environmental imperialism intrinsic to these trade relations. Cash crop agriculture is
fundamentally predicated on the cultivation of crops intended for commercial markets, thereby
adhering to a prevailing practice of monocropping, primarily focusing on the cultivation of a
single crop variety. Such agricultural practices deplete the soil of its essential nutrients,
hastening the depletion of fertility and exacerbating erosion processes. The deleterious effects of
monocropping on West Indian soil has a long and well documented history. Colonial reports in
Barbados in 1661'' cite decreasing soil fertility throughout the Caribbean instilling the fear of
entire landscapes being washed away like a 1668 downpour that excavated hundreds of coffins
from a churchyard and subsequently carried them out to sea''>. By 1784 Antiguan planter
Samuel Martin exclaimed the soil was completely lost of nutrients and called for a complete
overhaul of soil management practices''®. The demand for virgin soils precipitated the
decimation of forest cover in most of the Caribbean islands which may have been semi-
sustainable for larger islands such as Jamaica but virtually impossible for smaller islands in the
Windwards and Leewards who had to turn to aggressive manuring and organic recycling to
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maintain productivity!'>!'7!8  Nevertheless, these incentives were insufficient to prompt a
substantial consideration of established and efficacious soil management techniques, such as
crop rotations. This stems from the fact that sugarcane, along with the entirety of the commodity
agriculture system, effectively externalized the adverse environmental impacts associated with its
cultivation. The ecological degradation wrought by sugarcane cultivation, as perceived by
Colonial Man, is not viewed as an insurmountable barrier constraining profit generation, but
rather as a threshold to be extended in pursuit of greater economic gains as scholars Brett Clark
and Richard York explain “rather than acknowledging metabolic rifts, natural limits, and/or
ecological contradictions, capital seeks to play a shell game with the environmental problems it
generates, moving them around rather than addressing the root causes.”® Moreover, the
preoccupation with maximizing profits in the sugar colonies resulted in a scarcity of land
earmarked for the sustenance of the requisite slave population essential for cultivating sugarcane.
This dilemma found resolution through British mercantilist strategies, whereby the vast majority
of the food and fiber and even much of the lumber needed to feed, clothe and house the slaves in
sugar colonies came from the British North American colonies as the eminent scholar Eric
Williams writes in his classic Capitalism and Slavery:

“This was a deliberate policy on the part of the statesmen in England and the planters in the
colonies. Many of the articles exported by New England to the islands could have been
produced in the islands themselves. But, as a Jamaican planter asked, “If this island were able to
maintain itself with diet and other necessaries what would become of the New England trade?”
The answer is that without the sugar islands the mainland colonies would have received a serious
setback. They became “the key to the Indies,” without which the islands would have been
unable to feed themselves except by a diversion of profitable sugar land to food crops, to the
detriment not only of New England farmers but also British shipping, British sugar refining, and
the customs revenue, glory, and grandeur of England.”!%

Put differently, the ability of the British sugar colonies to yield substantial quantities of
sugarcane for export relied entirely on the North American colonies to furnish them with
virtually all other essential provisions. In exchange, the colonies received West Indian sugar,
rum, and molasses that was used to develop their own manufacturing capabilities'®®. Hence,
when the obstreperous colonists’ fear of the motherland turning them into slaves pushed them to
revolution, it portended an ominous future for the British West Indies. One crucial aspect that
warrants attention is the mercantile system honed by the British, which strategically harnessed
the biogeochemical redistribution of vast quantities of nitrogen, manifested in food, fiber, and
timber, facilitating subsequent nitrogen displacements from the Antilles to the European
continent. This occurrence represents what could arguably be considered the first globally
orchestrated multidirectional diversion of nitrogen flows to sustain the circulation of capital. The
tricontinental trade regulating flows of raw material, manufactured goods, and human chattel,
was inherently predicated upon a bidirectional exchange of nitrogen in various manifestations.
British aspirations to monopolize the sugar trade and later cotton underscore a precipitous

18 Mill trash (cane tops) were common organic fertilizers in sugar growing colonies. See Sea and Land: An
Environmental History of the Caribbean (Morgan et al.,
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disruption to localized nitrogen cycling across the globe, presaging the transformative trajectory
aligned with the emergence of industrial capitalism.

1.2.5 The Saltpeter Trade, Early Formation of Nation-States, and the Crystallization of
Whiteness

Up to this point, we have examined the role of nitrogen in agriculture and the roots of its
appropriation for the incipience of capitalist production, the other complementary and
reciprocally linked story is nitrogen as a direct instrument of war and conquest. Saltpeter, or
“niter”, crystallized potassium nitrate formed primarily from decaying organic matter, assumed a
corporeal manifestation of nitrogen before its users could even grasp the concept of atomic forms
of matter or nitrogen as an element. What they did understand through pure empiricism was that
a combination of primarily saltpeter mixed with brimstone (sulfur) and coal produced
gunpowder, a concoction that could concentrate the power to eviscerate flesh and stone alike
within an individual’s hand*. The relative abundance of brimstone and coal accentuated
saltpeter's role as the limiting factor in the state's capacity to conduct warfare and execute mass
genocide and enslavement in the colonies. This instigated aggressive strategies to control
domestic saltpeter sources and consolidate foreign and domestic saltpeter markets which
ultimately led to further centralization of power in nascent nation-states, extension of political
economy beyond state borders, and the codification of whiteness in the colonies through the
monopolization of arms.

The chemical mixture to produce gunpowder had been known to Chinese alchemists looking for
an elixir for eternal life as early as the 9™ century, standardized formulas were popularized by the
11" century, and gunpowder based projectiles and hand cannons followed in the 12% and 13
centuries''®. This knowledge was disseminated throughout the Middle East, India, and Central
Asia over the course of hundreds of years eventually reaching Europe!® as evidenced by the
earliest documented instance of gunpowder in Europe from the Franciscan Roger Bacon'!” in
1267%°. The demand for saltpeter in Europe escalated dramatically, coinciding with the
widespread adoption of cannons and firearms within military structures by the late 14"
century!!'®2! cannon mounted naval vessels standard by the fifteenth century'?’, and the conquest
of the Americas all requiring copious amounts of gunpowder collectively transforming European
nations into what scholar David Cressy calls “gunpowder states”!!'. By the denouement of the
feudal epoch and the advent of the mercantile age, saltpeter had entrenched itself deeply within
alchemical tradition becoming widely acknowledged as an effective fertilizer''’. The chemical
dualism inherent in saltpeter, serving both as a formidable explosive and a vital fertilizer, posed a
conundrum to early scientists, suggesting a semblance of divine or mythological significance as
Elizabethan theorists Joseph Duchesne described “a notable mystery the which, albeit it be taken
from out of the earth, yet it may lift up our eyes to heaven”'?!, or a tellurian reverence “a

19 Likely via the Silk Road

20 Saltpeter often had to be extracted from a mixture of salts containing potassium nitrate and calcium nitrate
which could easily react with water giving undesirable properties. Thus many alchemist endeavored to come up
with processes to refine pure salt mixtures to obtain saltpeter.

21 Earliest evidence of widespread use of cannons in military formations is at the Battle of Crecy between England
and France in 1346.
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quintessence of qualities...convertible to all the elements™ as described by gunner Robert
Norton'?2. The confluence of saltpeter’s status as a product of death and yet an enabler of life
contributed to pervasive mythologization surrounding its material characteristics and its elusive
nature as the primary constituent of gunpowder. A comprehensive understanding of the chemical
properties of saltpeter would elude gun manufacturers until scientific advancements of the
nineteenth century.

Saltpeter was known to naturally accumulate in dry places harboring decaying organic matter
such as dung or corpses!'!®. Owing to the imperative for saltpeter in gunpowder production??,
domestic reservoirs underwent rigorous regulation by state intervention, exemplified by the
“saltpeter men” of Elizabethan era England''®. Their comprehension of its formation
mechanisms remained elusive, yet they possessed a pragmatic understanding of its whereabouts:
sites where human or animal waste accumulated within domiciles or where cadavers were
interred. Saltpeter men had sovereign authority to search wherever they deemed likely to contain
saltpeter as Cardwell describes:

“soldiers who had the universal right to invade any property, home, or even church (though this
caused some controversy) to dig up dried-up old urine, bones, and dung. Historical records show
that for approximately two hundred years between the fifteenth and seventeenth centuries,
English people were plagued in their homes by salpetre gathering, and this “grief and
discontentment” and “great grievance and disturbance” was a significant problem for those in
power, who needed “to provide for her majesty’s stores by all means possible” regardless of
“damage, intrusion, discommodity, and distress”*’

Hence, the state's efforts to procure saltpeter from diverse sources underscored a profound
convergence of its biopolitical and necropolitical imperatives. In this manner, nitrogen emerged
as the fulcrum facilitating the state's exercise of sovereignty over the lives of its populace as
Cardwell further elucidates “Not only did the state have “sovereign right” over saltpetre, this
power extended to the right to procure it anywhere, regardless of the privacy or personal
boundaries of the lower classes; thus the oppressive intrusions of the saltpetre men. Foucault’s
sovereign right over death, then, had a material as well as a judicial aspect, which focused on
gunpowder.”*® This sovereignty was extended when the collection of saltpeter transitioned into
the deliberate cultivation of saltpeter in nitre beds, where the incorporation of urine and dung
into heaps of decomposing organic material yielded salts amenable to subsequent refinement and
processing.*®. Instead of invading peoples homes to scrape saltpeter off of the walls they hauled
away entire pieces of the home to toss into nitre beds.

The technological advancements in weaponry facilitated through saltpeter precipitated what
some historians dubbed a “military revolution”. Until the sixteenth century, numerous armies
dispatched to engage in warfare across Europe were assembled as needed and subsequently
disbanded, or alternatively, sustained through the enlistment of mercenaries. The pervasive
integration of portable firearms within armed forces precipitated a requisite enhancement in

22 Saltpeter was also used in other industries like dyeing but the vast majority went to gunpowder production. See
Saltpeter: The Mother of Gunpowder (Cressy, 2012)
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training standards and the establishment of permanent military contingents, culminating in the
expansion and heightened expenses of armies, thereby mandating centralized state authority to
manage their fiscal and administrative exigencies as scholar Michael Roberts argues “the modern
art of war made possible —and necessary—the creation of the modern state”'?*. This implies
that the modern conceptualization of the state manifests its contemporary structure through the
political hegemony of military might intertwined with the biopolitical hegemony exerted over its
populace. Nitrogen as the ‘miraculum mundi’ or ‘materia universalis’'*! which had attained the
status of a mythical substance that “hath the sovereignty and quality of every element”!?* was not
simply the catalyst for the consolidation of state power but also its fuel and calcifying agent.
Following the consolidation of military administrative authority under the auspices of the state,
the imperative to procure ample quantities of saltpeter materialized through acts of colonial and
imperial violence. Emulating their Dutch predecessors?® the British East India Company, the
architectonic epitome of war capitalism, assumed the mantle of satisfying Britain’s demand for
saltpeter. Benefiting from climatic conditions favorable to saltpeter formation, India emerged as
a significant hub for the production of this efflorescent salt, prompting the East India Company
to eagerly capitalize on this remunerative trade opportunity.'!®. Saltpeter exports from India
through the British East India Company went from tens of tons per year in the 1620s to an
average of 500 tons annually in the 1660s to 1000 tons per year by the 1740s to nearly 30,000
tons per year in the nineteenth century'?®. Hence, the global restructuring of nitrogen cycles by
European powers manifested not only through commodity agriculture but also through the
instrumentalities requisite for conducting warfare. The dialectical interplay between capital and
state militarism engendered a symbiotic relationship that contributed to the organization of the
movement of populations, commodities, and ideologies, all mediated by the circulation of
nitrogen.

Fueling the growth of mercantilism, the consolidation of state administrative power, and the
biopolitical extension of state sovereignty into everyday life was the ravenous appetite for
genocide, dispossession, and enslavement in the Americas. These complementary phenomenon
were wholeheartedly facilitated and ossified by the use and monopolization of firearms.
Firearms were so important to the identity of Colonial Man in the Americas there were laws
erected in many colonies that compelled male colonists to carry arms at all times including in
church such as a 1619 Virgina statue that mandated “all men that are fittinge to beare arms, shall
bring their pieces to the church”!?° and “all suche as beare armes shall bring their pieces, swords,
pouder, and shotte” or face a three shilling fine. This extended to the New England colonies as
well “Sabath-day procession up the hill to worship, every man armed and marching three
abreast”'?’. These regulations were born out of a pervasive apprehension regarding Indigenous
incursions, perpetually placing colonists in a state of heightened vigilance. Legislation
mandating the constant bearing of arms by white colonists coexisted with statutes prohibiting the
dissemination of weapons to Indigenous populations. A 1619 Virginia statue proclaimed “That
no man do sell or give any Indians any piece, shot, or powder, or any other arms offensive or
defensive, upon pain of being held a traitor to the colony and of being hanged as soon as the fact

23 The Portuguese were the first to get into the saltpeter trade in India, the Dutch and British East India Companies
did not arrive until the 1600s.
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is proved, without all redemption.”!?¢ This prohibition was soon extended to African slaves,
Virginia passed its first law against black slaves possessing arms in 1639 with this extended both
enslaved and free blacks in 1680'?%, Massachusetts passed a law in 1656 prohibiting both blacks
and Natives from owning firearms'?’. Other colonies emulated this model, New York passed a
law prohibiting the transfer of guns to Natives in 1664'*° and South Carolina passed a law
precluding blacks from gun ownership in 1740'3!. The prohibition of firearm possession among
Indigenous peoples and enslaved Africans functioned as a mechanism to operationalize the
concept of whiteness as an arbiter of violence. Colonial Man was deeply vested in safeguarding
both his property and his prerogative to make property of others by maintaining control over
firearm possession. This phenomenon represents an extension of whiteness as a mechanism of
exclusion aimed at demarcating the propertied from property. It additionally fortified the
subordination of both Indigenous peoples and enslaved individuals by consolidating hegemonic
control over the arms trade, thereby preempting either group from acquiring the means to mount
rebellions or engage in warfare. In this way colonial law sought to coalesce gun ownership and
whiteness, making them both coterminous and exclusive to Colonial Man. It is evident from this
analysis that saltpeter, as the pivotal ingredient of firearms and, by extension, nitrogen, played a
role in delineating the contours of whiteness. Hence, Colonial Man's abstraction of nitrogen
from its relational contexts, despite an incomplete understanding of its nature, resulted in the
monopolization of violence that underpinned racial ontologies critical to shaping contemporary
legal frameworks. The implications of this phenomenon will be further elucidated in due course.

1.2.6 The Scientific Revolution and Evolving Understandings of Nitrogen

Up until the advent of the Scientific Revolution, Western knowledge production and
dissemination was dominated by brute trial and error to confirm or expand on theories posited in
Classical Antiquity*®. Much of this can be attributed to the Church’s hegemony of learning and
the study of classical works that occluded contemporary philosophers from accessing and
engaging with the insights of their predecessors®’. Consequently, the pace of technological
innovation lagged considerably behind the progress achieved by civilizations in China, South
Asia, and the Islamic world, which demonstrated a greater receptivity to, and elaboration upon,
the teachings of earlier scientific endeavors. Advancements in comprehending the nuances of
nitrogen, primarily within the confines of agricultural discourse, progressed at a notably sluggish
pace, mirroring the gradual trajectory of agricultural innovation. Famines prior to the Industrial
Revolution were frequent occurrences. Consequently, any unsuccessful agricultural endeavor
posed an immediate threat of widespread starvation, distinguishing it from more localized
inquiries such as those within the realms of chemistry and medicine®®. Nevertheless, the
Scientific Revolution, catalyzed by the revelatory insights of Nicolas Copernicus, gradually
undermined the hegemonic influence of the Church, thereby facilitating a paradigm shift towards
scientific experimentation rooted in theoretical frameworks and subsequently mathematics,
markedly accelerating the rate of scientific advancement*S. However, this occurrence cannot be
assessed in isolation from the concurrent efforts to colonize the Americas, which fostered a
symbiotic nexus between science and colonialism. This nexus served as a means to codify
Western ontologies to segregate and categorize elements of nature from the colonies for the
purposes of extraction and later to rationalize racial ideology in scientific discourse!*2. Both of
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these phenomena are grounded in the escalation of Western universalism as a means to
perpetuate the marginalization and epistemicide of non-Western cosmologies®’. At the heart of
this sequence of events lies the evolving comprehension of nitrogen, reaching its zenith with its
isolation and extraction, thereby laying the groundwork for its subsequent commodification
within capitalist agricultural practices.

Prior to the scientific revolution, the practical knowledge of chemistry and medicine was
manifested through alchemy. Alchemists, however, derived the majority of their knowledge
through sheer trial and error and lacked a cohesive theoretical framework to systematically guide
their endeavors*®. However, notwithstanding their primary pursuit of transmuting base metals
into gold or concocting an elixir for eternal life, numerous alchemists exhibited considerable
expertise in synthesizing practical chemicals as Gorman describes “Most knew, for example,
how to make acidum salis (hydro-chloric acid) and aqua fortis (nitric acid) as well as how to
combine the two in a special mixture, aqua regia (nitrohydrochloric acid), capable of dissolving
gold.”*® Hence, alchemists were quite familiar with saltpeter, how to refine it, process it, and
produce nitric acid from it. However, alchemy was also predicated on secrecy?* which hampered
the dissemination of knowledge and perpetuated a methodology reliant on brute force trial and
error to replicate experiments conducted by alchemists in preceding generations'**. They also
adhered to the Aristotelian paradigm positing that all matter was composed of four elements (air,
earth, water, and fire)'*® which severely limited their capacity to make connections between their
observations and to use it to develop predictive theories'**. Consequently, they remained as
distant from comprehending the link between the combustion of saltpeter within gunpowder and
its potential utility as a fertilizer as they were from transmuting base metals into gold.

A pivotal juncture in the evolution of nitrogen science is delineated within the literary corpus of
the Swiss physician and alchemist, Paracelsus (1493-1541), during the early sixteenth century.
Paracelsus, characterized by a robust skepticism toward classical philosophical constructs of
matter, adopted an experimental methodology reminiscent of contemporary scientific paradigms
and underscored the inseparable interconnection between religion and science'*>. Paracelsus
postulated a relationship between the air what he called “heavenly firmaments” and solid objects
or “internal firmaments”. In this regard, he proposed a reciprocal interplay between gaseous and
solid constituents, postulating their interaction through what he termed “astral emanations™**,
Employing this rationale, he forged a correlation between the combustion of saltpeter and its
capacity to enrich soils, thereby advancing the notion of “aerial nitre”*. The concepts
introduced by Paracelsus were profoundly thought-provoking, catalyzing a renewed discourse on
the intricate interplay between solid and gaseous states of matter>>. His propositions gained
further clarity through the work of his ideological sympathizers including Robert Fludd’s famous

24 Most alchemists operated in secrecy to avoid being accused of practicing black magic or to be coerced into the
service of the elite or the state. See The Story of N (Gorman, 2013)

25 The limitation of Paracelsus’ views on aerial nitre is that it was evaluated primarily from a medical lens.
Paracelsus as a physician was very interested in developing systematic treatments for ilinesses based on the
knowledge of chemistry, thus most of his theories were developed with the intention of application to medicine
and physiology. See The World’s Greatest Fix (Leigh, 2004)
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candle experiment®® and John Mayow’s treatises on aerial nitre that helped to consolidate the

notion of “fixed salts™?’, elucidating the process by which aerial nitre was fixed from the air into
salts suitable for agricultural fertilization®®. By the end of the seventeenth century, the concept of
aerial nitre was very popular and circulated commonly in scientific and agricultural discourse,
with the idea of nitre integration into plant life beginning to germinate.

In the late seventeenth century, a departure from classical philosophy and alchemy gained
momentum, marked by an increasing number of scientists embracing an approach akin to the
modern scientific method, characterized by theory-driven experimentation*®. Robert Boyle’s
investigations into the combustion-related behaviors of gases in sealed vessels, expounded in The
Sceptical Chymist, appeared to signal a paradigm shift away from the Aristotelian conception of
matter'*°. Subsequent to Boyle's critique of the Aristotelian framework, chemists propelled by
the pursuit of predictive theory endeavored to address the vacuum left by the abandonment of a
framework that had endured for close to two millennia. This vacuum was filled by the
phlogiston theory of combustion proposed by German physician and alchemist Johann Joachim
Becher in the 1660s*. The phlogiston theory posited that all matter contained an invisible
substance called phlogiston that was released upon combustion'*’. Although not entirely precise,
this theory emerged through numerous experiments observing changes in mass from burned
substances indicating a significant shift from antiquated theories towards frameworks backed by
experimentation and empirical evidence. The phlogiston theory swiftly garnered favor among
chemists, thereby prompting an evaluation of every experiment aimed at elucidating the behavior
of various materials through the prism of combustion and respiration to harmonize with
phlogiston. The theory itself persisted for over a hundred years and helped to lay the foundations
for the discovery of nitrogen in 1772.

The phlogiston theory satisfied early chemists primarily due to its qualitative explanatory power,
chemists at the time knew that materials were heavier after combustion which seemingly
contradicted the notion of phlogiston release, Boyle sought to reconcile this by suggesting that
phlogiston had a negative mass’®. Nevertheless, following the phlogiston theory other chemists
aimed to elucidate the true nature of air which gained specific interest after the concept of gases®®
had been further developed. The notion of air being a combination of different gases began to
emerge with the work of Scottish chemist Joseph Black whose distillations of vegetable matter
allowed him to isolate “fixed air” or carbon dioxide. Following these advancements, English

26 Robert Fludd (1547-1637) was an English philosopher and ardent follower of Paracelsus. He conducted
experiments with candles in which he burned a candle enclosed in a glass bulb until the residual air could no longer
support the flame. He simultaneously observed an accumulation of water at the base of the candle and a change
in the volume of gas in the bulb. However, he was not able to make the connection that the candle material was
consumed. See The World’s Greatest Fix (Leigh, 2004)

27 John Mayow (1640-1679) was an English physician and chemist who wrote a series of treatises on the nature of
aerial nitrogen. He wrote of the idea of the earth drawing sal nitrum from the air that produced “fixed salts”. See
The World’s Greatest Fix (Leigh, 2004)

28 The concept of a gas started to be taken seriously after the work of J.B. van Helmont (1579-1644) with his famous
tree experiment. See The World’s Greatest Fix (Leigh, 2004)
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chemist, Joseph Priestly isolated oxygen in 1774* by heating a sample of mercuric oxide
claiming “I have discovered an air five or six times as good as common air” which he termed
“dephlogisticated air” due to its enhanced ability to combust®. Concurrently, Daniel Rutherford,
often credited as the foremost to “discover” nitrogen, a student of Black, isolated nitrogen by
replicating his vegetable distillation experiments and employing alkali to remove the “fixed air”
resulting in a mixture predominantly composed of nitrogen which they termed “mephitic air” or
“phlogisticated air™®*. Operating within the confines of the phlogiston theory, they remained
unaware of the distinction between oxygen and nitrogen as separate chemical elements. It was
not until their contemporary, French chemist Antoine Lavoisier, whose work on combustion fully
developed a conservation of mass theory that provided the requisite framework to elucidate the
intricate processes through which various elements amalgamated to yield novel compounds®®.
Lavoisier was aware of Priestly’s work and ascertained that the substance Priestly had isolated
from air was a novel element he named “oxygen” or acid-generating substance and his
quantitative methods determined that oxygen was added to any material that was combusted,
thus ensuring the principle of conservation of mass, whereby the mass of the resultant products
equaled that of the initial reactants. In this endeavor, Lavoisier ushered in an era of
stoichiometry and quantitative chemical analysis, heralding a departure from the constraints of
the phlogiston theory and laying the groundwork for the evolution of modern chemistry.

The culminating strand interwoven into the narrative of nitrogen's progression, spanning from
the era of saltpeter to the recognition of nitrogen as an elemental constituent, pertains to nitrogen
fixation and its profound significance in the realm of plant biochemistry. With the understanding
that air could be separated into different gases and that nitric acid, which was derived from
saltpeter, contained oxygen, the English chemist Henry Cavendish®® demonstrated in 1785 that
nitrogen “phlogisticated air” and oxygen “dephlogisticated air” reacted together through an
electric spark that produced a mixture containing nitric acid'*®. At this juncture, the
conceptualization of "fixing" atmospheric nitrogen reached fruition, thereby establishing the
pivotal linkage between "aerial nitre" and saltpeter. Following this revelation, the two entities
were linguistically and scientifically interlinked, as "phlogisticated air" was designated as
nitrogen, stemming from the root nitre, by Jean-Antoine Chaptal in 1790°*. These strides were
swiftly complemented by the comprehensive evolution of atomic theory, a framework pioneered
by the English chemist John Dalton, who in 1805 elucidated that elements combined in fixed
ratios as whole numbers, propounded through his seminal theory of multiple proportions*.
Dalton's theoretical framework, undoubtedly influenced by the contributions of luminaries such
as Lavoisier and his peers, provided the bedrock for contemporary chemistry by establishing
rigorous quantitative methodologies. Hence, early chemists could finally conceptualize various

29 Priestly’s discovery comes around the same time that Swedish apothecary, Karl Wilhelm Scheele claims to have
made a similar observation. See The World’s Greatest Fix (Leigh, 2004)

30 cavendish was a contemporary of Priestly and Lavoisier and was also working on the isolation of oxygen or as he
knew it “dephlogisticated air”. Many of his experiments isolating hydrogen and combining it with oxygen were
reproduced by Lavoisier to confirm his theory of combustion and acidity observations. He also worked extensively
on characterizing the properties of hydrogen and estimating the density of gases. See Henry Cavendish (1731—
1810): hydrogen, carbon dioxide, water, and weighing the world (West, 2014)
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nitrogenous compounds as compositions comprising nitrogen, hydrogen, and oxygen. For
instance, the nitrogen dioxide resulting from Cavendish's electric spark experiment arose from
the amalgamation of one nitrogen atom with two oxygen atoms.

Following these developments the pace at which scientific advancements in nitrogen cycling and
agriculture accelerated rapidly. Humphrey Davy, an English chemist, through a series of public
lectures demonstrated the properties of various nitrogenous compounds including nitrous oxide
known for its euphoric effects as “laughing-gas” and nitric oxide which he synthesized through a
refined electric-arc process with nitrogen and oxygen*®. His seminal contributions to agriscience
include his estimations of the elemental composition of plants, wherein he identified the primary
constituents of plant biomass as carbon, oxygen, hydrogen, nitrogen, phosphorus, and sulfur,
albeit in lesser proportions®*. Davy was one of the first proponents of albumen, which today
would be interpreted as protein, positing its significance as the principal nitrogen-containing
component within plant biomass®*. However, he postulated that plants primarily acquired
nitrogen through the absorption of ammonia®!, which by that time had been shown to be a
combination of nitrogen and hydrogen, rather than through the capacity to fix atmospheric
nitrogen. Heavily influenced by the prevailing sentiment of the era regarding the soil fertility
crisis, he conducted extensive studies on manures, recognizing them as a viable nitrogen source.
With the groundwork laid, the eminent German agricultural scientists and “father of modern
agriculture” Justus von Leibig wrote in his seminal work published in 1840, Organic Chemistry
in Its Applications to Agriculture and Physiology “By the deficiency or absence of one necessary
constituent, all the others being present, the soil is rendered barren for all those crops to the life
of which that one constituent is indispensable.”’* Von Leibig, through a series of meticulous
analyses established the connection between nitrogen and plant growth by promulgating the
concept of the growth limiting nutrient or the idea that plants were limited in growth by the
nutrient that is the least available®. Following the work of Davy he also made the connection
between conventional fertilizers like manure and plant growth asserting that “every part of the
organism of a plant contains azotized matter in varying proportions” and linking this to manure
“A manure containing several ingredients acts in this wise. The effect of all of them in the soil
accommodates itself to that one among them which, in comparison to the wants of the plant, is
present in the smallest quantity”'*. Through these understandings von Leibig established the
crucial linkage between plant growth, nitrogen, and fertilizer, excising nitrogen from nature,
identifying its role in commodity production, and rationalizing its use as a modular input for
production. An inherent gap in von Leibig’s agricultural nitrogen theories lies in his oversight of
nitrogen fixation. He operated under the presumption that plants received the majority of their
nitrogen from “humus” or decomposing organic material in the soil®, a theory that would not be
successfully challenged and replaced until the work of Boussingault®.

The evolution of nitrogen from a combustible salt to an element that can be conceptualized in
modalities amenable for extraction and production forms a consilience with the trajectory of

31 The compound of ammonia had been known since antiquity but its true nature as a combination of nitrogen and
hydrogen was not fully elucidated in Western science until the work of C.L. Berthollet who in 1789 showed the
ammonia could be decomposed into his constituents nitrogen and hydrogen though an electric ark. See The
World’s Greatest Fix (Leigh, 2004)
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modern scientific development that aims to reconfigure the world along the axioms of whiteness
and property. Nitrogen as “mephitic” or “phlogisticated air” is an artefact of epistemes with the
ambition to extricate, classify, and compartmentalize complex natural systems for the purposes
of conquest. The praxis molding the formation of modern sciences such as biology, chemistry,
geology, and physics form a dialectical relationship with the epistemological frameworks
distinguishing the Human from the Other. As early proponents of science and the forefathers of
technocracy asserted, science could be used to conquer nature as philosopher Francis Bacon
notes “For man being the minister and interpreter of nature, acts and understands so far as he has
observed of the order, the works and mind of nature, and can proceed no further; for no power is
able to loose or break the chain of causes, nor is nature to be conquered but by submission:
whence those twin intentions, human knowledge and human power, are really coincident; and the
greatest hindrance to works is the ignorance of causes.”'*" This praxis was reinforced and
extended by rational humanism that emerged in the Enlightenment shifting the epistemic center
of knowledge to the Human that can be used to appropriate the Earth as Descartes explicates “the
invention of an infinity of artifices that would enable us to enjoy, without any pain, the fruits of
the earth and all the goods to be found there.”'*! Thus, science as a praxis rooted in rational
humanism is the epistemic operationalization of ontologies of separation and reduction to
facilitate the expropriation of nature as an object of the Human’s wills and desires. This praxis
was manifested through the violence of colonialism: taxonomic classifications of flora-the roots
of modern biology-stems from efforts to characterize new plants for commodity agriculture'?,
early studies of motion and kinematics were inspired by efforts to understand the Earth’s rotation
to plot optimized navigation routes to colonies'*?, and chemistry derived from Medieval alchemy
was studied with the intention to identify and extract precious metals®. In this pursuit, scientific
endeavors conformed to paradigms of property rights, seeking to delineate and differentiate
immaterial entities ripe for extraction. These paradigms followed inherently racialized logics
exemplified by Yusoff’s explanation of the inception of geology “The birth of racial subject is
tied to colonialism and the conquest of space and the codification of geology as property and
properties. Thereby geologic resources and bodily resources (or racialized slavery) share a natal
moment”®. From these reflections, it becomes evident that the frameworks governing geology
and chemistry are oriented towards delineating inert materials amenable to extraction. Similarly,
these material relations determine what holds value and what does not as Yusoft further explains
“they establish unfolding geologics, for particular bodies and subject positions, as disposable in
the shadow economy of extraction.”® This serves to contextualize the predominant inclination
towards examining nitrogen through its material applications. Early alchemists and chemists
scrutinized nitre as saltpeter primarily for its combustive properties, while subsequent scientists
investigated it in relation to plant fertility. The penultimate stages of nitrogen science unfolded
in parallel with escalating concerns regarding soil fertility and the widespread adoption of
fertilizers sourced from pre-existing reserves. Hence, the conceptual framework surrounding
nitrogen, its abstraction from the atmospheric matrix of "aire," and its presence within plant
matter all converge as endeavors to compartmentalize it, attributing to it the status of a material
amenable to extraction and commercialization. In this manner, nitrogen, stripped of its relational
context, is reduced purely to fertilizer that can be used as input for production much in the same
way that the African slave is atomized to the Inhuman for the commoditization of labor power.
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The same ontological framework that renders natural elements and human beings alike as
immaterial objects pushes the notion of “universalism” which necessitates the deliberate
marginalization of different systems of knowledge and scholarship®’. European science and
rationalism emerged as formidable tools within the arsenal of colonial authorities to disrupt
Indigenous social and land management practices in settler colonies while simultaneously
undermining precolonial scientific traditions in Asia and Africa'*2. Within the framework of
early chemistry, particularly in its examination of nitrogen, European universalism was
intrinsically associated with a perception of epistemic supremacy, which marginalized alternative
chemical knowledge systems as mere "parachemistries" as Mukharji describes them as forms of
knowledge that through colonial globalization, came to be forced into a subordinated dialog with
‘modern chemistry’ whilst remaining at least partially assimilated into ‘modern chemistry’.
From their subaltern positions they continued to contest the right of ‘modern chemistry’ alone to
define and regulate chemical operations”'#>. This phenomenon is notably discernible throughout
the annals of scientific progress, particularly concerning nitrogen, wherein non-European
advancements in its study have often been relegated to the periphery or condensed into a mere
footnote, contributing to the overarching European narrative of discovery. The Chinese were
aware of the presence of nitrogen in the air by the eighth century A.D. nearly a millennium
before Europeans came to the same understanding!*’. Islamic text describe the formation of
nitric acid from saltpeter in the eighth century A.D., centuries before this knowledge was
circulated in Europe®. The universalism that fuels Western science relegates the knowledge of
nitrogen accrued through non-Western scientific traditions as “unserious” or simply primitive
antecedents to European scientific advancements. It is imperative to thoroughly recognize and
contextualize these trends within the framework of European conceptions regarding the
"discovery" of nitrogen to comprehensively elucidate the theoretical and practical evolution of
knowledge surrounding nitrogen, serving as antecedents for the phenomenon of ecological
imperialism. Understanding the history of nitrogen science through this lens is paramount to
grounding the role of nitrogen in conceptual frameworks charting the relationship between
capitalist systems of production and the environment.

1.2.7 The Convergence of War Capitalism, Industrial Capitalism, and the Roots of the
Nitrogen Crisis

Commodity agriculture, colonialism, genocide, land dispossession, the trans-Atlantic slave trade,
mercantilism all amalgamating into war capitalism are the social, political, and economic pillars
upon which the edifice of the modern world rests. All of these historical developments are
prerequisites for the emergence of industrial capitalism in late eighteenth, early nineteenth
century Britain that embodies the prevailing contemporary global socio-economic world order.
Both of these modes of production, rooted in the epistemological frameworks of science, rational
humanism, and racial alchemy, are the engines for the perpetuation of colonial land relations that
are oriented towards the unidirectional extraction, processing, commerce, and disposal of natural
amenities from the land. The convergence of war capitalism and industrial capitalism, though
inherently reciprocal and mutually reinforcing, paradoxically signaled the decline of war
capitalism as a state-sanctioned endeavor.!%. At this convergence point the ideology of liberal
political economy with a seemingly infinite reverence and confidence in markets arrived to
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hegemonize the political terrain of nation states beginning to assume their modern form. This
paradigm shift in political thought spelled a bevy of social and economic implications for the
masses congealing historical materialism into legal frameworks that fully delineated the
dichotomy between proletariat and the bourgeoisie, as conceptualized in contemporary discourse.
Nestled within the interstices of these political and economic developments lies the escalation of
nitrogen appropriation, a phenomenon unfolding in tandem with the ontological transition of
nitrogen as an abstraction to nitrogen as a tangible material product. This consilience stands as a
pivotal element directly implicated in the historical developments that have delineated the
current trajectory of the world.

The manufacturing sector and the exportation of finished goods constituted pivotal components
within mercantilist policies, underscored by aggressive endeavors aimed at dominating foreign
markets. The principal contradiction to this commercial framework in eighteenth century Britian
was the Indian domination of finished cotton products®? that were inexpensive, high quality, and
in high demand all over Europe'®. In order to fortify its mercantile prowess, Britain instituted a
prohibition on the importation of Indian cotton goods via the Calico Acts of 1700 and 1721. This
policy shift redirected commercial networks towards fostering the growth of domestic cotton
manufacturing'**. Hence, in the wake of Lancashire and Cheshire's rich textile manufacturing
heritage, urban centers dedicated to cotton production began to burgeon.

Concurrent with these geopolitical and economic complexities, there unfolded a rapid surge of
engineering innovation, spurred by the ideological transformations stemming from the
Enlightenment and the Scientific Revolution. These innovations included: the flying shuttle
designed by John Kay in 1734; the water frame designed by Richard Arkwright in 1764; the
spinning jenny designed by James Hargreaves in 1770; the spinning mule designed by Samuel
Crompton in 1779; the power loom designed by Edmund Cartwright in 1785; and James Watt’s
steam engine in 178433, All of these served as the technological catalysts for industrialization,
dramatically escalating the speed and efficiency of cotton manufacturing!?. Nevertheless, the
pivotal element for the advent of industrial capitalism, namely capital in capitalism, largely
originates from the proceeds garnered through the British slave trade and sugar commerce'%.
Samuel Greg, the principal investor of Quarry Bank Mill, the preeminent cotton factory of the
Lancashire and Chesire area, derived much of his wealth from family inheritances in the British
West Indies!%. James Watt and his partner Matthew Boulton who patented the steam engine

32 Britain had always been a center for textile production primarily in wool and flax, this was facilitated primarily
through the putting out system where merchants would advance capital and raw materials to domestic producers
in the countryside. However, the scale of this trade was miniscule in comparison to the Indian trade in cotton
products and later the domestic production of cotton products during the Industrial Revolution. See Empire of
Cotton (Beckert, 2014)

33 The steam engine was not a new invention when Watt and Boulton patented it in 1784. Steam engines had been
known and in use since the first were popularized by Thomas Newcomen in 1712. Watt did make significant
modifications by adding a separate cooling condenser which allowed the power cylinder to maintain continuously
without the need to be cooled.
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depended on family estates derived from the triangular trade and the iron industry** and were
financed from the West Indian trade'®®. The esteemed scholar Eric Williams, posits that as much
as one third of Lancashire's exports were allocated to procure slaves in West Africa, with one half
directed to the plantations of the British West Indies.!*®. Hence, the historical continuum from
plantation slavery to industrial capitalism, evident in both operational methodologies and
financial underpinnings, renders palpable the enduring impact on contemporary legal and
economic structures, particularly regarding racial and class marginalization. The other important
development from British industrialization is the imbrication of commodity production with
globalized environmental catastrophe through the use of fossil fuels. Advocates of a technocratic
perspective on human progress often romanticize the adoption of Watt's steam engine as a pivotal
moment showcasing humanity's technical ingenuity. However, a nuanced examination of the
circumstances surrounding the transition from water power to steam power reveals a more
complex narrative. The technological sophistication of steam engines notably trailed behind that
of water-powered systems, albeit possessing the distinct advantage of spatial adaptability.
Consequently, the primary impetus driving cotton capitalists to adopt steam engines in their
factories stemmed not from heightened efficiency, but rather from their inherent flexibility and
versatility, facilitating the exploitation of labor power as Malm describes “steam did not offer
any absolute emancipation in space, whatever that would have looked like, but a relative one,
real and precious. Given the convergence between supplies of labour power and agglomeration
economies on the one hand and supplies of coal and waterways on the other, the spatial liberty
afforded by steam was all capital could wish for at this stage in history.”*® This spatially
unrestricted ability to exploit labor power was coupled to what Malm calls “necromancy” or the
use of dead organic matter in coal to produce a motive force for commodity production®. The
geological redirection of carbon reservoirs underscores profound biogeochemical implications,
extending spatially and temporally, mirroring the concurrent emergence of the nitrogen crisis.
The system of capital, honed through British industrialization, conceptualized elemental
reservoirs as interchangeable modalities to be strategically relocated and traded akin to pieces in
a game of Tetris. The ramifications for the carbon cycle, exacerbated in the current era by
climatic shifts, are overshadowed on a magnitude scale by the disruptions to the nitrogen cycle.
Nevertheless, Britain embraced this economic opportunity wholeheartedly going on to dominate
the global cotton goods market, exploding by a factor of sixteen from a total export value of
£355,060 in 1780 to £5,854,057 in 1800,

As the nineteenth century dawned, indications of the waning influence of war capitalism became
apparent. Colonies initiated movements for independence from their European metropoles, while
the specter of slave uprisings materialized vividly in events such as the Haitian Revolution.
Concurrently, mercantilist strategies incurred disapproval from the emerging industrial capitalist
class.!®®. The one exception to this trend was the cotton empire of the U.S. antebellum South.
Following the denouement of the Revolution, the institution of slavery, deeply entrenched within
the legal and political fabric of the United States, was anticipated to undergo a gradual demise in

34 The British iron industry made a large share of its profits from the manufacture of iron shackles for slaves,
anchors for slave ships and other iron products associated with the triangular trade. See Capitalism and Slavery
(Williams, 1944)
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the Southern states. This expectation stemmed from the precipitous downturn of the tobacco
trade in the late eighteenth century®?. This paradigm shifted dramatically with the advent of the
cotton gin in 1793, a pivotal innovation that rendered cotton cultivation exceedingly
remunerative. Following the introduction of the cotton gin the slave populations of the South
and cotton exports exhibited an isomorphic exponential trend, the population of black slaves
went from approximately 650,000 in 1790 to 1.5 million by 1820 to nearly 4 million by 1860°°
and cotton exports went from 1.5 million pounds in 1800 to 167.5 million pounds in 1820 to over
2 billion pounds in 1860!%. The United States went from supplying under 1% of the global raw
cotton product to the market in 1790 to almost 50% by 1831!%. This phenomenon was
significantly facilitated by the systematic eradication and displacement of Indigenous
populations, alongside the institutionalization and financialization of the slave system, deeply
entrenched within the political framework of the nation, eventually reaching a scale akin to
industrial operations. as Beck describes “What distinguished the United States from virtually
every other cotton-growing area in the world was planters’ command of nearly unlimited
supplies of land, labor, and capital, and their unparalleled political power!%. This trend aligned
with the overarching pattern of capitalism, characterized by overproduction®, a phenomenon that
became increasingly pervasive. This led to a notable decline in the price of raw cotton
throughout the initial decades of the nineteenth century'%. The decline in the price of cotton
served as a potent incentive for Britain, the nucleus of cotton manufacturing, to make unbounded
investments in the American cotton venture resulting in a dramatic shift, with U.S. cotton
accounting for less than 1% of British cotton imports in 1790, soaring to over 80% by the onset
of the Civil War. Yet, the expansion of the cotton empire and the sustained growth in cotton
exports hinged entirely upon the Western expansion of cotton-growing regions and territories
reliant on slave labor. Cotton monocropping rapidly depleted virgin soils, necessitating continual
land acquisition by cotton planters to sustain profitability'*. Financially, this strategy appealed
to planters who adhered to the belief that employing slaves to clear new land was more cost-
effective than investing in manure recycling or, later in the 1840s and 1850s, purchasing
imported fertilizers.'*. During the nascent stages of the cotton empire, this predicament was not
evident, as the United States actively facilitated Indigenous land dispossession, forcibly
relocating millions from their ancestral territories in Georgia, Alabama, Tennessee, and
Mississippi, thus making these fertile lands available for cotton cultivation'®. Emerging states
with pristine soil swiftly garnered the lion's share of cotton exports, eclipsing older slave states.
This shift is epitomized by the Mississippi delta region, which, by the onset of the Civil War,
accounted for nearly a quarter of U.S. cotton exports'®. This phenomenon can be interpreted as
a substantial depletion of nitrogen reserves in the soil, as planters exhaust the land's fertility akin
to the manner in which oil capitalists traverse regions in search of the next viable well to exploit.
Concurrently, the Northern states reaped substantial benefits from the cotton empire, witnessing
the emergence of textile manufacturing in New England, alongside the rise of financiers involved

35 This was facilitated primarily through the domestic slave trade. Even before the ban of the slave trade in 1808, a
large portion of slaves in the Piedmont areas of North Carolina, South Carolina, Georgia and eventually the newer
slave states in Alabama and Mississippi received the majority of their slaves from the domestic trade sourced in
Virginia and Maryland. By the apex of the Antebellum, Virginia derived most of its income from the domestic slave
trade.

37



in the slave trade and cotton commerce in New York. These entities played a pivotal role in
furnishing essential capital to Southern planters!®. Ultimately, the eruption of the Civil War
stemmed from the conflict between the industrial capitalists of the North, who advocated for the
expansion of state authority to drive industrialization and restrict the spread of slavery, and the
planter class of the South, staunchly opposed to state intervention and adamant about preserving
political autonomy, particularly concerning slavery!'%,

At this juncture, the convergence of war capitalism and industrial capitalism ignited the fuse of
the Civil War, fundamentally altering global cotton markets and disrupting the trajectory of
industrial growth in European metropoles. Of greater significance to the course of historical
development, particularly concerning the evolution of nitrogen cycling, is the defeat and
marginalization of the final remnants of war capitalism and the complete adoption of industrial
capitalism. British industrialists had been decrying mercantile policies since well before the
American Revolution chiefly centered in the West Indian monopoly of sugar production'® that
began to prove unprofitable with the escalation of Fresh competition®®. Following the
Revolution and the dissemination of laissez-faire economic principles attributed to the seminal
work of Adam Smith, the allure of free markets permeated the aspirations of industrial
capitalists, evoking a metaphorical fragrance of liberation and economic autonomy'%,

The burgeoning advocacy for liberalized markets and the concurrent marginalization of the West
Indies are intricately interwoven with the remnants of war capitalism and the prevailing cash
crop system, which systematically depleted the soil's fertility and compromised its ecological
integrity as Williams explains “Between 1813 and 1833, Jamaica’s production declined by nearly
one-sixth; the exports of Antigua, Nevis and Tobago by more than one-quarter, St. Kitts by
nearly one-half, St. Lucia’s by two-thirds, St. Vincent’s by one-sixth, Grenada’s by almost one-
eighth”1%8,

Hence, a recognition of war capitalism's role in driving colonies to their ecological thresholds
coincided with fervent appeals to embrace the ideology of industrial capitalism in its entirety.
This nascent form of capitalism though was inextricably tied to a reimagination of state power as
Beckert describes “Paradoxically, industrial capitalism made state power less visible as it
amplified it. No longer did the personal authority of the king, the lord, or the master, or age-old
custom, regulate the market; instead the market was made by explicit rules relentless enforced by
contracts, laws, and regulations”!%. In alternative terms, the viability of industrial capitalism
rested entirely upon the valorization of property rights, safeguarding domestic markets, and the
relentless expansion into international frontiers, each necessitating regulatory and political
constructs manifested through state authority. The authority and range of state power also
marginalized the importance of war capitalism’s ability to hegemonize land, labor, and
markets'%. Henceforth, capitalism became intertwined with the state's capacity to consolidate
institutions of authority, essentially engendering a symbiotic nexus between capital and the state.
However, this symbiosis was challenged by war capitalism's insistence on the unfettered
prerogative of Colonial Man to dictate terms concerning land, labor, and markets.'%.

36 British sugar manufacturers constantly decried the monopoly that they thought was financially inflexible whereas
as sugar from the French Caribbean islands such as Sainte Domingue was substantially cheaper. See Capitalism and
Slavery (Williams, 1944)
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The demise of the Southern states in the Civil War marked the conclusive denouement of an
ideology steeped in war capitalism, which had been ailing irreparably for several decades prior.

With the transition to industrial capitalism underway in Europe, the mobilization of masses of
landless proletariats to industrial metropoles began to escalate. In Britain alone roughly 28% of
the population resided in cities in 1800% and that increased to 77% by 1900°”. This engendered
a range of social, political, and environmental changes in the network of spatial material flows or
a disruption to what Marx calls the “metabolism between man and the earth”'%’. The industrial
proletariats laboring in the cotton factories of British manufacturing centers, often crowded into
slums with insalubriously vile living conditions, required food and fiber to feed and clothe
themselves and their families. This phenomenon precipitated a significant redistribution of
nutrients from rural locales to urban hubs, where, via human excretion and material refuse, they
ultimately contributed to environmental pollution®. The disturbance of conventional production
methods, which historically facilitated the reintegration of extracted nutrients back into the soil,
engendered what Marx delineated as the "metabolic rift"!?’. Marx, who found resonance in the
ideas of von Leibig, perceived capitalism as a framework that relegated nature to the periphery of
its production apparatus, thereby stripping it of inherent value®. In this way, capitalism as a
mode of production not only exploits labor power but also expropriates nature. As nature
occupies a peripheral position within the system, the expenditure associated with waste disposal
is not accounted for in the production cost, consequently leading to its perpetual externalization.
This phenomenon is unmistakably apparent in the widespread environmental deterioration
witnessed in British industrial hubs, characterized by a notable decline in air quality attributed to
the pervasive emissions from industrial smokestacks, alongside the transformation of water
bodies into repositories for toxic waste disposal®®. By the 1850s, the Thames River in London
had become inundated with a confluence of human and industrial effluents to such an extent that
the entire city of London found itself enveloped in an olfactory miasma so noxious that it earned
the appellation "The Great Stink."'*®. The onslaught of waterborne cholera epidemics claimed
the lives of thousands, exacerbated by prevailing theories attributing disease transmission to
"miasma," which engendered institutional inertia towards enacting infrastructural or policy
measures to alleviate the crisis. The pivotal shift came with the research conducted by Dr. John
Snow, whose findings elucidated the waterborne nature of cholera, attributed the outbreak to
water contamination by fecal matter. This revelation prompted London city authorities to enact
more stringent regulations governing waste disposal into the Thames and implement elevated
standards for water treatment'#’. As a result, this development laid the groundwork for the
emergence of contemporary wastewater treatment systems, which intersected with the imperative
to reintegrate nutrients from human waste back into agricultural ecosystems.

As Gorman elucidates, across the annals of human history, the demographic composition of a
society uninvolved in agrarian pursuits hinges entirely upon the capacity to generate ample food

37 British proletarianization follows a distinct trend of land enclosures beginning in the fifteenth century that is
mirrored throughout other European countries. The system of land enclosure is thought date back to the twelfth
century but especially catalyzed by the Black Death and the English breakaway from the Catholic church that
facilitated the seizure and sale of thousands of acres of Church lands.
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resources, thereby facilitating the detachment of individuals from agricultural labor. Thus,
agricultural innovations to increase productivity was a prerequisite for the massive population
redistribution to fuel industrialization*S. These innovations, albeit still under scholarly scrutiny,
unfolded throughout the span of the eighteenth and early nineteenth centuries, yielding what
certain academics have characterized as an "agricultural revolution"'#3*®, Better crop rotations,
improved use of technology, and increases in livestock breeding efficiency increased agricultural
productivity over the course of the eighteenth century!'*®. Land enclosures undoubtedly
constituted a pivotal aspect of the augmentation in agricultural productivity, given that private
land ownership fostered incentives for enhancing land output. The British Agricultural
Revolution is epitomized by the Norfolk Four Course system, which was likely developed in the
sixteenth century but popularized by British agriculturalist Charles Townshend in the late
eighteenth century'*. The Norfolk rotation utilizes a four year cycle including wheat, turnips,
barley, and clover where the turnips and clover are used as fodder crop for livestock!%.

The widespread adoption of the Norfolk rotation method facilitated a departure from the
customary practice of fallowing land. Instead, it introduced the cultivation of clover, a nitrogen-
fixing crop known for its soil fertility restoration properties, alongside turnips and clover utilized
as fodder to sustain livestock during the winter months. By this point, the utilization of
leguminous cover crops to rejuvenate soil fertility had become a well-established practice,
seamlessly integrated into a systematic crop rotation framework that facilitated the intensive
cultivation of arable land. These innovations were amenable to a system of commodity
agriculture that began to take root in England as early as the seventeenth century but was
calcified by the advent of the Industrial Revolution. This was bolstered by mercantilist policies
exemplified in the Corn Laws enacted by Parliament in 1815, which imposed restrictions on the
importation of foreign cereals, thereby fortifying the profitability of domestic cereal cultivation
and correspondingly escalating food prices*®. For this reason, the Corn Laws were widely
unpopular, especially amongst cotton capitalist who had to set their wages commensurate to the
fluctuating price of bread, and after pedantically litigious discourse over several years and the
devastation of the Irish Potato Famine, were finally repealed in 1846¢. This marked a decisive
shift in Britain away from mercantile policies towards the laissez faire economic ideology
inherent in industrial capitalism. Following the repeal of the Corn Laws, a surge of inexpensive
imported grain inundated British markets, thereby enabling the newly innovated agricultural
system to transition fully into the framework of commodity agriculture, heralding the advent of
modern industrial agricultural practices. This transition, empowered by the
compartmentalization of nitrogen into fertilizer for agricultural growth, engendered the
incipience of the world’s first commercialized nitrogen market that precipitated continental
translocation of nitrogen to support the flows of capital.

1.2.8 Knocking on the Doorsteps of Ecological Limits

38 There’s still a significant amount of debate over whether or not there was actually a “revolution” that occurred in
the eighteenth century. Some scholars argue the changes observed in the eighteenth century is just an
amalgamation of incremental changes that happened since the fourteenth century while some argue that the
metrics are reflective of increased land privatization. See Re-Establishing the Agricultural Revolution (Overton,
1996)
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Mercantilism defeated, industrial capitalism ascendant, liberal political economy exalted, the
foundations of the modern state and its symbiotic interplay with capitalism began to calcify.
Nevertheless, lingering within the collective consciousness of industrial capitalists and
economists were the admonitions of imminent scarcity, ecological depletion, and demographic
decline, initially murmured but progressively amplifying in resonance with each successive
milestone of capitalist development. The subdued utterance emanated from the Reverend
Thomas Malthus, an English cleric and economist, whose seminal treatise, An Essay on the
Principle of Population issued in 1798, prophesied the inexorable encroachment of an
exponentially expanding populace upon finite natural resources'*®. Malthus emerged in the wake
of Adam Smith, whose oeuvre espoused the doctrine of free markets and diminished economic
constraints, thereby fostering a trajectory within capitalism toward a confluence with perpetual
expansion as its inherent outcome. Grow or die was the name of the game. To maintain
viability, capital necessitated a perpetual quest for novel markets in which to extend its reach and
proliferate. Malthus, undoubtedly influenced by the burgeoning discourse of racial eugenics,
posited that the indispensability of food for human survival coupled with the intrinsic nature of
the “passion between the sexes” inevitably leads to the assertion that “The power of population
vastly exceeds the capacity of the earth to provide sustenance for humanity, necessitating some
form of premature mortality within the human species”'*°. According to Malthus, it was
inevitable that the Earth’s resources would be depleted by a growing population. This sentiment
forms a distinct contrast from the thought of contemporary political economist David Ricardo
whose theories on rents, wages, and labor based on agricultural output posited “that the “power
of the soil” on any given plot of land was “indestructible” and hence “inexhaustible”®*. Both of
these divergent perspectives exhibit inherent flaws as they presuppose colonial land relations that
dissociate the Human from nature, consequently marginalizing ecological methodologies that
have historically sustained Indigenous communities worldwide over millennia. Neo-Malthusian
theories would subsequently serve as a catalyst for the eugenicist discourse, which in turn
furnished the theoretical underpinning for egregious atrocities against humanity, most notably
exemplified by the Holocaust!®!. During the nineteenth century, these theories precipitated a
profound apprehension regarding food insufficiency, instigating a fervent pursuit to ascertain the
ecological limitations of agricultural output and surpass them.

The contributions of von Liebig were integral to the discourse surrounding the inherent
constraints of agricultural productivity and their ramifications for demographic expansion. His
elucidation of the “law of the minimum” posited that plant growth was constrained by the
scarcest nutrient available, consequently asserting that agricultural practices progressively
depleted soil nutrients®®, leading to the declaration that “the majority of our cultivated fields are
depleted”®. At the same time, the great powers of Europe, emulating England’s model were
making significant transitions from an agrarian society to an industrial one. Between 1800 and
1890 the share of the population living in towns with at least 10,000 people increased from
18.9% to 34.5% in Belgium, 28.8% to 33.4% in the Netherlands, 5.5% to 28.2% in Germany,
8.8% t0 25.9% in France, and 3.7% to 16% in Switzerland'>?>. With the advent of

39 Von Leibig was under the impression that phosphorus limitation was the most significant for plant growth and
largely advocated for phosphorus fertilizers. See The Story of N (Gorman, 2013)
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industrialization in Europe, the once predominantly localized food networks and markets of the
Medieval era commenced a process of globalization, expanding to encompass a significantly
broader geographical scope. Food imports from the colonies of the Global South began to
contribute a much larger piece of the market share and radically restructured colonies traditional
modes of production for export in what scholar Eric Holt-Giménez calls a “colonial food
regime”'>3, Via the scholarly endeavors of von Liebig and other agricultural scientists, the
constraints inherent in conventional soil fertility and land management methodologies were
increasingly accentuated within agrarian discourse as scientists began to associate the nitrogen
content with the quality of a diet or what scholar Arnaud Page calls “nitrogenometrics”!>*. The
nascent centrality of nitrogen to dietary requirements also began to assume a racialized
undertone through the backdrop of imperial ambitions in the European metropoles. These
sentiments fused with the mist of racial eugenics to rationalize notions of racial inferiority as
Page describes “what nitrogenometrics offered was a scientific rationale to the alleged
superiority of the high protein diet of the wheat-meat eating English as opposed to the potato-
eating Irish or the rice-eating Indian”'>*. In other words the nitrogen quality of the diet was the
principle demarcation between being a civilized Human and being a savage as Cardwell
explicates “Lots of nitrogen in your diet and body made you savage, wild, and turbulent; a lack
of it led to mild, tractable, and lethargic temperament™. Imperial ambitions to monopolize raw
materials and forcefully convert imperial populaces into new markets was functionalized through
the confluence of nitrogen and protein intake with racial delineations. Thus, the Malthusian fear
of scarcity fused with racialized underpinnings of dietary quality that caused a flurry of efforts to
secure more nitrogen. To remedy this issue, the great powers of Europe turned to imported
fertilizers starting first with Peruvian Guano.

Peruvian Guano remained largely on the fringes of European awareness since the writings of the
Spaniard Garcilaso de la Vega, whose seminal volumes on the Spanish conquest of Peru,
Comentarios Reales first published in 1609, elucidated the Inca civilization's utilization of guano
sourced from coastal islands as fertilizers®*. The revelation of guano’s high nitrogen content to
Europeans occurred when German explorer and naturalist, Alexander von Humboldt, dispatched
a specimen for analysis to French chemist Antoine-Francois de Fourcroy*’ in 1804°. The
recognition of guano's elevated nitrogen content coincided with the comprehensive
comprehension of nitrogen as an elemental entity, paralleled by the emergence of novel
methodologies facilitating the elucidation of the elemental composition across various
substances. Peruvian Guano was found to contain around 15% and sometimes as high as 20%
nitrogen by mass nearly an order of magnitude more than conventional organic fertilizers such as
manures (2-3%) and plant litter (1-2%)>. This phenomenon primarily stems from the geological
characteristics of Guano deposits, typically situated in arid coastal islands where seabirds,
sustained by nitrogen-rich sardines, deposit their excrement that would accrue due to minimal
precipitation®. This resulted in the accumulation of substantial mounds of guano, amassed over
millennia to heights of several meters, often enveloping entire islands in a literal sense.
Following the disintegration of the Spanish empire and the subsequent independence of its

40 Fourcroy (1755-1809) was a contemporary of Lavoisier and co-authored Méthode de Nomenclature Chimique, a
landmark text and one of the first taxonomic systems to classify chemical substances.
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former colonies in the 1820s, which ensued after years of tumultuous upheaval instigated by
various colonial powers, Peru entered a phase of nascent stability. However, it found itself
burdened with substantial indebtedness to Britain, primarily attributable to wartime
expenditures'>. Britain capitalized on this dependency to assert its dominance in the Guano
trade, initially importing limited quantities in the 1820s and 1830s, affording farmers the
opportunity to evaluate its efficacy as a fertilizer. Subsequently, from 1841 onwards, shipments
expanded to full vessel loads, with only a select few firms like Antony Gibbs & Son exercising
virtual monopolistic control over the trade!>.

British imports of Guano went from 95,000 tons per year in 1850 to 200,000 tons the following
year to over 300,000 tons by 1858%*. The second highest importer was the United States which
imported 175,000 tons in 1858%*. The fervor surrounding Guano, under the sway of a quasi-
oligopolistic structure, engendered enduring apprehensions regarding scarcity and produced what
scholars Brett Clark and John Bellamy Foster describe as “ecological imperialism™!>>. The
commerce surrounding Peruvian Guano precipitated an intensified quest for alternative Guano
reservoirs, thereby initiating a continual exploration for islands potentially harboring such
deposits and inundating the market with Guano of inferior quality *!. This culminated in the
enactment of the Guano Islands Act by Congress in 1856 “Whenever any citizen of the United
States discovers a deposit of guano on any island, rock, or key, not within the lawful jurisdiction
of any other Government, and not occupied by the citizens of any other Government, and takes
peaceable possession thereof, and occupies the same, such island, rock, or key may, at the
discretion of the president, be considered as appertaining to the United States”!>®. This provision
effectively granted individuals the authority to claim ownership of an island based on the belief
that it contains Guano, while also authorizing the use of military force at the discretion of the
executive branch, to safeguard these claimed islands. This lead to the seizure of 94 islands,
rocks, and keys in various places around the world between 1856 and 1903, with 66 ultimately
being recognized as U.S. territories'>’. The Guano Islands Acts represent early manifestations of
United States aspirations for global imperial influence, exemplified by the extension of its
military prowess beyond the confines of its continental territories. The burgeoning demand for
Guano in the United States predominantly revolved around the escalating concerns regarding soil
depletion, particularly prominent in the cotton-producing states of the South!'>®. Driven by
apprehensions regarding obstacles to Western expansion, Southern plantation owners began
adopting Guano as a soil amendment during the 1840s and 1850s, particularly in established
slave-holding states grappling with soil exhaustion'*>. The importation of Guano was seen as an
alternative to driving slave labor to clear more land as agricultural newspaper editor Daniel Lee
explains “farmers should use more guano---...instead of investing their money in more Negroes
the sooner to impoverish the best lands of the South.”!*® Although demand was there, direct
importation into the South and widespread commercialization did not start to escalate until after
the Civil War.

41 The problem of low-quality Guano became so pervasive, Guano quality standardization became the norm in
places such as Britain where farmers came to rely only on Guano that had been tested and certified to be the same
quality as Peruvian Guano. See Ecological Imperialism and the Global Metabolic Rift (Clark & Foster, 2009)
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The labor employed in harvesting Guano from the islands was predominantly sourced from
Chinese indentured laborers, commonly referred to as “coolies” who were procured at a rate of
“30 pesos per head”!*®. The Chinese laborers endured such severe working conditions that
numerous commentators asserted their plight exceeded that of enslaved individuals, with notable
figures such as Marx and Engels characterizing it as a form of “disguised slavery”!>°.

Chinese coolies toiled incessantly, with daily quotas averaging around five tons of Guano, amidst
meager provisions and the perpetual specter of severe reprisal.!®?. The fifteen year mortality rate
was 25-30%!'%. Between 1849 and 1874, Peru imported more than 90,000 Chinese coolies,
whose exploitation fueled the profitability of the Guano trade. Paradoxically, the proceeds
derived from their labor contributed to Peru's decision to abolish slavery in the 1850s!%5. The
Guano trade was so profitable to Peru it went from making up five percent of state revenue in
1846-7 to 80 percent by 1869'°!, radically transforming the political terrain of the country but
also subjecting it to enduring dependency on the British, who wielded monopolistic control over
the trade. The wealth generated from the Guano trade accrued mostly into the pockets of the
wealthy elite and failed to stimulate the domestic economy. The country was still widely
dependent on imports to meet the demand for general commodities and the trade agreements
with Britain left the country in a perpetual state of debt!>*. The Guano deposits, basically
exhausted by 1870* left Peru in a state of massive debt with little natural resources to help

ameliorate its position®*.

The Guano trade, incited by Malthusian fears of soil exhaustion, scarcity, and impending famine,
delivered Guano primarily to Britain, facilitating its transition towards “high farming” or proto-
industrial commodity agriculture'>. With the repeal of the Corn Laws in 1846 and the
inundation of cheap grain into British markets, the price of domestic cereals began to fall.

This impetus led to British agricultural consolidation, marked by the amalgamation of farms into
fewer holdings, which in turn embraced the novel agricultural methodologies introduced during
the Agricultural Revolution. These practices were oriented towards the production of marketable
food commodities, notably meat and dairy products'>*. Henceforth, the Norfolk Rotation system
underwent adaptation, integrating substantial quantities of imported Guano to bolster livestock
development. This evolutionary shift lays the groundwork for the contemporary capitalist
agricultural production paradigm, characterized by the consolidation of vast land holdings under
the control of a minority, uniform land utilization conducive to economies of scale, and the
excessive application of fertilizers to generate fodder for livestock destined for market trade'6.
This system relied on the intercontinental transfer of nutrients, the “metabolic rift” proclaimed by
Marx escalated to a planetary scale, all tied to the accumulation of capital and the hegemony of
the state. Britain was so invested in procuring nutrients for its high farming it harvested bones
from other countries to use as phosphate fertilizers amounting to a “robbery of nature” as von
Leibig claims Britain “deprives all countries of the conditions of their fertility. It has raked up
the battle-fields of Leipsic, Waterloo, and the Crimea; it has consumed the bones of many
generations accumulated in the catacombs of Sicily...Like a vampire it hangs on the breast of

42 Guano exports continued into the 1880s and 1890s but by the mid 1880s imports were half the peak of 1870.
See Ecological Imperialism and the Global Metabolic Rift (Clark & Foster, 2009)
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Europe, and even the world, sucking its lifeblood without any real necessity or permanent gain
for itself’1%%. The configuration of capitalist agricultural practices intertwined with ecological
imperialism echoes Marx's concept of “primitive accumulation” a notion further elaborated by
scholar David Harvey as “accumulation through dispossession”!®*. This forms the central tenet
of Marx's examination of capitalist systems concerning nature, positing that capital exhibits a
relentless pursuit to transcend ecological constraints, often achieved by incorporating peripheral
economies into the orbit of capitalist production systems through processes of dispossession.

The confluence of mercantilism, colonialism, and industrial capitalism converges upon the
acknowledgment of nitrogen as a pivotal determinant for growth, with strategies of dispossession
and exploitation emerging as mechanisms to circumvent this threshold.

As the decline of Guano became apparent, imperial focus shifted towards the exploitation of
Chilean nitrates. Nitrate deposits had been known to Europeans since they were discovered by
Spanish-Peruvian naturalist and chemist, Mariano Eduardo de Rivero in the coastal province of
Tarapaca in 18217, and in 1853 deposits were found in the neighboring province of
Antofagasta'®®. The nitrate deposits were composed primarily of a crude mineral called caliche,
an amalgamation of different oxidized salts, magnesium, calcium, potassium, and sodium
nitrates, sulfates, borates and iodates that rests 1-3 meters under thin layers of chuca (sand, silt,
and clay) and costra (pebbles, cobbles, and rock fragments)*. The sodium nitrate proportion of
caliche ranged from 40-50% and sodium nitrate itself has a nitrogen content of 16% roughly on
the same order of magnitude as Peruvian Guano®. These deposits were accumulated over
thousands of years from nitrogen rich sea-sprays in the Atacama Desert and its preservation was
facilitated by the dry conditions of the desert which mitigated their erosion. Exports of nitrate
soon took off, exporting around 8,300 tons in 1830 to 30,000 tons by 1850 to over 300,000 tons
by 1870°. The discovery of the nitrates almost immediately precipitated geopolitical tension
between the newly formed countries of Peru, Bolivia, and Chile'>®. Tarapac4 initially constituted
a Peruvian province, while Antofagasta was originally part of Bolivia; nonetheless, during the
1830s and 1840s, the predominant demographic in these regions comprised Chilean
inhabitants®. Chile asserted control over a significant portion of Antofagasta in 1842 and
subsequently negotiated a treaty with Bolivia in 1866, delineating the division of the territory
between the two nations and establishing a framework for the shared exploitation of profits
derived from the nitrate trade®®. Recognizing the depletion of its Guano reserves, Peru sought to
consolidate authority over its nitrate reserves in Tarapaca. In pursuit of this objective, Peru
entered into a nonaggression and mutual support treaty with Bolivia in 1873, subsequently
implementing a state monopoly on nitrate production in 1875'%%. Following Bolivia's imposition
of heightened taxes on nitrates exported from Antofagasta, Chile dispatched troops to the titular
port, precipitating the outbreak of the War of the Pacific fought between Chile against Peru and
Bolivia, spanning from 1879 to 1883. The conflict was arguably catalyzed by Britain, driven by
aspirations to broaden its dominion over fertilizers to encompass the lucrative nitrate deposits as
well'®®. Supported by British investors and bolstered by a navy constructed in Britain and an

43 Caliche was normally extracted from underneath the chuca and costra either manually or through blasting and
required subsequent processing to remove the nitrates from the raw minerals. See Enriching the Earth (Smil,
2004).
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army trained by France, Chile launched military operations into Tarapacd and Antofagasta and by
1881, Chile had effectively gained extensive control over the nitrate reserves in the region'>.
The conflict represented yet another instance of European imperialism, characterized by the
strategic manipulation of nascent states' aspirations for economic progress to incite rivalries
among them, ultimately serving the interests of the European powers involved. Amidst the
conflict, British speculators opportunistically acquired Peruvian government certificates,
leveraging them as instruments of influence following the war to compel the Chilean government
into conceding exclusive ownership of nitrate enterprises based solely on possession of said
certificates!®. British ownership of nitrate deposits in Tarapaca went from 13 percent before the
war to 34 percent immediately after the war and 70 percent by 1890'’. Under the leadership of
President José Manuel Balmaceda, Chile endeavored to nationalize its nitrate reserves in 1890
and impede the sale of state-owned nitrate fields to British interests. In response, Britain
precipitated a civil conflict by supporting Balmaceda's adversaries with financial backing and
weaponry, subsequently imposing a naval blockade along the Chilean coast to obstruct
exports'>®. Following Balmaceda's demise and the ascension of a pro-British administration, the
control over Chilean nitrate resources became largely concentrated in British hands, with nearly
three-quarters of its exports directed to Britain by the early 1890s'>>.

Although the primary impetus behind the trade resided in the demand for Chilean nitrates as
fertilizers, a notable secondary market emerged in the explosives industry**, quickly becoming
its second most significant consumer*. Following the introduction of trinitrotoluene (TNT) as
an explosive in 1891, armed forces swiftly adopted it as an adjunct for shell casings, thereby
catalyzing a surge in demand for nitrates.*®. These developments are concurrent with the
escalating industrialization observed within armed forces during the latter portion of the
nineteenth century. The full embrace of industrial capitalism led to an interlocking of industry
and warfare which was accompanied by advances in military technology, strategy, and logistics.
The state embraced a paradigmatic shift away from conventional military strategy to one
embodied by the leveraging of a large industrial base to mobilize massive armies supported by
robust transportation and communication networks. Science constituted an indispensable
component of this emergent strategy aimed at harnessing technological advancements capable of
yielding tangible advantages on the battlefield. With this paradigmatic shift the consumption of
nitrates in the production of explosives skyrocketed, in 1890 45,000 tons of nitrogen-based
explosives were produced and in 1900 that figure increased to 115,000 tons*®. The United States
in 1900 utilized almost half of its nitrate imports for making explosives®. The state's reliance on
nitrogen for military endeavors has been evident since the widespread utilization of gunpowder
in cannons. However, with the exploitation of Chilean nitrates, which accounted for
approximately 80% of the world's nitrogen supply by the conclusion of the late nineteenth
century'®®, the state's ability to mobilize armies became intricately linked to the export
capabilities of Valparaiso and Antofagasta. Exclusion from this market could precipitate dire
consequences for an industry. This juncture signified a pivotal shift in the trajectory of nitrogen
imperialism, which had played a significant role in shaping the evolution of both the state and
capitalist structures. Moreover, it delineates the outer boundaries of capitalism's ecological

4 Other industries needed nitrates as well, dyes, photograph films, and metals. See The Story of N (Gorman, 2013)
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constraints. As previously underscored, capitalism operates without inherent limitations,
extending to the realm of nitrogen and beyond. Thus, the imminent surpassing of thresholds
delineates the onset of the contemporary biogeochemical epoch.

1.2.9 Breaking Through Ecological Limits

By the dawn of the twentieth century Malthusian anxiety over nitrogen scarcity had crept into
political, economic, and social discourse throughout Europe. This is best exemplified by the
British chemist and physicist, William Crooke’s address to the British Association for the
Advancement of Science in 1898 “The fixation of nitrogen is vital to the progress of civilized
humanity, and unless we can class it among the certainties to come, the great Caucasian race will
cease to be foremost in the world, and will be squeezed out of existence by races to whom
wheaten bread is not the staff of life.”'® Nitrogen at this point in time was the key to civilization
or more specifically White civilization. The perception of access to reactive nitrogen within the
purview of Imperial Europe delineated a stark dichotomy between sustenance and mortality,
epitomizing the enduring legacy of Empire, and serving as the catalyst for technological
modernization and industrial advancement. It was also the corporeal and metaphysical boundary
between racial supremacy and racial downfall. Amidst the dominance of Chilean nitrates as the
principal source meeting global nitrogen requisites, the specter of depletion akin to the historical
case of Peruvian Guano, coupled with the potential imposition of military blockades, instilled a
burgeoning apprehension reflective of the pervasive imperialistic fervor characterizing Europe
during that era, thereby nearly fomenting widespread hysteria. Capitalism thrives on the fear of
scarcity, if the world demand of Chilean nitrates at the start of the First World War persisted
indefinitely the deposits were projected to last for an additional 340 years®. However, the ghost
of Malthus ensured the perpetual fear of scarcity and impending doom for the “great Caucasian
race”, exacerbated by rapidly increasing population®’ and threats of land scarcity*®, and thus the
impetus to find an alternative and renewable source of reactive nitrogen amongst the great
powers of Europe had reached a tipping point in the opening of the twentieth century. By this
time the work of Boussingault in 1858*” had shown that leguminous crops added nitrogen to the
soil and the work of Hermann Hellriegel and Hermann Wilfarth in 1885* demonstrated nitrogen

45> World population took millennia to reach 500 million by 1500 then increased to roughly 1 billion by 1800 and
had increased to roughly two billion by the 1920s.

6 There was a growing fear of scarcity of arable land, as the majority of the most fertile lands for grain and cereal
production in North America and Europe had already been cultivated. See Enriching the Earth (Smil, 2004)

47 Jean Baptiste Boussingault (1802-1887) was a French chemist and agro-scientists who conducted extensive work
on the nitrogen composition of plants and the determinants of biological nitrogen fixation. He conducted extensive
field experiments in which he demonstrated that leguminous crops (peas, clover, beans, etc.) added nitrogen to the
soil by fixing atmospheric nitrogen. His work motivated further field experiments that confirmed his observations
including the famous Rothamsted field experiment, the longest running agricultural field experiment that showed
the effect of different plants and crop rotation strategies on the nitrogen content of the soil. See The World’s
Greatest Fix (Leigh, 2004)

48 Hermann Hellriegel (1831-1895) and Hermann Wilfarth (1853-1904) were Prussian chemist who were the first to
discover biological nitrogen fixation through symbiotic diazotrophs through their famous root splitting experiment.
They separated the roots of a legume into two different vials, one sterilized and one inoculated with soil and
observed that only the roots inoculated with soil were able to grow the root nodules associated with nitrogen

47



was fixed through symbiotic diazotrophic bacteria. These two advancements ultimately refuted
the humus theory advocated by Davy and von Leibig, thereby establishing a definitive biological
constraint on the natural capacity for nitrogen fixation®®. These prerequisites provide the
contextual framework for the endeavors of Fritz Haber and Carl Bosch, whose objective was to
circumvent this ecological constraint and secure unhindered access to reactive nitrogen.

This marks the zenith in the narrative of nitrogen imperialism, representing the apex attained
after centuries characterized by episodes of genocide, enslavement, dispossession, mercantilism,
industrial capitalism, and state-sanctioned violence. This is the crystallization of anthropogenic
nitrogen geoengineering into the historical substratum. This juncture represents the pivotal
moment where racialized paradigms, deeply entrenched in extraction-based ontologies, are
integrated into the intricate tapestry of geohydrological, biogeochemical, and sociopolitical
economies, thus shaping the foundational structures of the contemporary global landscape.
Nitrogen as an idea, to nitrogen as co-constitutive of the Inhuman, to nitrogen as commodity.

At the turning point to the nineteenth century the natural limits to agricultural productivity were
becoming increasingly defined and accentuated. Smil estimated the global average for grain
productivity was on the order of 800 kg/ha, which would yield approximately 120 kg protein per
hectare or enough to support around 7 people per hectare®. Approximately 70% of the nitrogen
supplied to produce that harvest originated from manures, organic recycling, crop rotations, and
atmospheric deposition®. In response to burgeoning population growth and finite land resources,
industrializing nations perceived augmenting land productivity as the sole viable recourse*®.
Following the endorsement of inorganic fertilizers by von Leibig, they swiftly evolved into
coveted commercial commodities, sparking the emergence of markets for phosphorus and
potassium fertilizers** However, nitrogen, owing to its biochemical constraints, remained the
most elusive and sought-after fertilizer, garnering the highest demand. This engendered a
substantial impetus to penetrate this novel domain, assert hegemonic influence, and consolidate
control thereof. Hence, the intensifying technological pursuit aimed at discovering an
industrialized method for nitrogen fertilizer synthesis commenced in the mid-nineteenth century
and culminated during the transition from the eighteenth to the nineteenth century.

The three most viable industrial processes for nitrogen fixation in the nineteenth century include
the production of ammonia by-product from coking, the cyanamide process, and the electric-arc
process. Ammonia by-product collection from coking leverages the release of trace nitrogen (1%
to 1.6%) from the combustion of coal®. Coal, when heated anaerobically to produce coke for
iron smelting or coal gas releases approximately 12-17% of the nitrogen as ammonia, after
washing and condensation the resulting ammonia liquor is combined with calcium hydroxide to

fixation. This knowledge comes after the solidification of germ theory and bacteria through the work of Pasteur
and Koch. See The World’s Greatest Fix (Leigh, 2004)

4 Phosphorus fertilizers had been available since the 1820s, mostly from the mineral coprolites which was found in
a variety of places around England, apatites were found in Norway in 1851, and rock phosphates were found in
North Carolina and Florida in the 1860s and 1870s. Given the demand for phosphate fertilizers in relation to
nitrogen, the long term supply was relatively secure. Potassium fertilizers come from potash (potassium chloride)
and those reserves were also considered safe for the long term. See Enriching the Earth (Smil, 2004).
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yield a solution of ammonium sulfate®>. However, this process is limited by the low yield of
nitrogen (15-20% of the original content) resulting in only 2.75-3.25 kg ammonia per ton of coal,
even if all of the 80 Mt of coal used for coking at the beginning of the 20" century was used for
ammonia by-product collection the yield would have only been 200,000 t N*°, In reality only a
small fraction of this was being recovered which paled in comparison to the roughly 400,00 t N
provided through Chilean nitrates®. The cyanamide process leverages the production of calcium
cyanide (CaCN2) through the reaction of calcium carbide (CaC:) and dinitrogen at high
temperatures (>1000°C)’!. The commercial process pioneered in Germany through the work of
Adolf Frank and Nikodemus Caro decomposed the calcium cyanamide into calcium carbonate
and ammonia through a reaction with superheated steam®. A few commercial plants were built
in Europe, Japan, and Canada but the process was incredibly energy intensive (130-200 GJ/t N)
due to the need for electricity to produce calcium carbide and to produce coke to heat the main
reaction’. The total output of cyanamide plants amounted to only 100,000 t N in 1913 and
325,000 t N by 19183, The electric arc process leveraged the conversion of dinitrogen and
oxygen into nitric oxide through electric fixation, a natural atmospheric process, that had been
known since the work of Priestly and Cavendish and popularized by Davy®*. The resulting nitric
oxide can form nitric acid in the presence of oxygen and water. Because of the need for
electricity? to carry out the reaction this process was limited to locations with an inexpensive
sustained supply of electricity which occurred predominantly at hydropower stations’*. Such
stations were constructed at Niagara Falls and the most serious commercial endeavor was
constructed in Norway through the innovations of Kristian Birkeland and Samuel Eyde that
produced the Birkeland-Eyde furnace which could provide an alternating current arc. However,
even with these innovations the energy requirements were still incredibly high (180-270 GJ/ t N)
and the spatial restrictions to hydropower stations resulted in the production of only about 70,000
t of calcium nitrate by 19133, All of these processes, based in chemistry that was well studied
and characterized were limited by either spatial, material, or energetic constraints.

The moment of Haber’s discovery and culmination of years of work forever cemented in his
famous letter to BASF (Badische Anilin-und Sodafabrik) on July 3, 1909 “Yesterday we began
operating the large ammonia apparatus with gas circulation in the presence of Dr. Mittasch and
were able to keep its uninterrupted production for about five hours. During this whole time it

50 This process was also limited to industrial locations with a large demand for coke needed for iron smelting or coal
gas. It also had the material requirements of coal to burn. Thus, only a few industrial nations seriously pursued
this option included the U.S., Britain, and Germany. See Enriching the Earth (Smil, 2004)

51 The reaction of barium carbonate and nitrogen to produce barium cyanamide Ba(CN), had been known since the
work of F. Margueritte and A. de Sourdeval in 1860. Barium carbonate was replaced with calcium carbide, a
cheaper material to produce, after the work of Adolf Frank (1834-1916) and Nikodemus Caro (1871-1935). Frank
and Caro helped to build several plants in Germany mostly powered with hydroelectricity. See Enriching the Earth
(Smil, 2004)

52 This reaction could only proceed at temperatures above 3000°C which could only be provided through electric
sparks. The process was patented in Britain in 1859 by Madame L.J.P.B Lefebure, possibly one of the first female
chemical engineers. The only way the reaction could really be feasible was through continuous discharge of
electric sparks and this was realized through the work of Norwegian physicist, Kristian Birkeland (1867-1917) and
English engineer Samuel Eyde (1866-1940) who built the Birkeland-Eyde furnace that could do this with an input of
just 2.2 kW. See The World’s Greatest Fix (Leigh, 2004)
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had functioned correctly and it produced continuously liquid ammonia™ did not occur in a
political or scientific vacuum. Germany, the burgeoning nation-state forged through the
amalgamation of diverse German-speaking territories, heralded its inception following the
denouement of the Franco-Prussian conflict in 1870. Its nascent national identity coalesced
around principles of imperialism, industrial advancement, and the establishment of a formidable
array of state-sponsored scientific institutions'”’. As a nascent state endeavoring to vie with
longstanding empires in Western Europe, Germany expanded its territorial acquisitions into
West, East, and South Africa, as well as East Asia, with the primary aim of procuring raw
materials to fuel its swiftly advancing industrialization efforts, albeit at the cost of perpetrating
acts of genocide in the process'’!. The escalation of Anglo-German tensions in the prelude to the
First World War, notably exacerbated by the outbreak of the Boer Wars!”?, ignited a heightened
sense of apprehension regarding the availability of nitrogen supplies. This concern reached a
climax amidst fears that a British blockade of Chilean nitrates could sever vital access routes,
precipitating a dramatic surge in geopolitical anxiety. Consequently, Germany established a
robust state apparatus that actively fostered industrial collaborations with scientific institutions, a
strategic endeavor aimed to develop alternatives to reliance on Chilean nitrates, thereby
mitigating vulnerabilities to potential British blockades and safeguarding vital national interests>.
Thus, German chemical enterprises had been actively engaged in the exploration of diverse
industrial nitrogen fixation methodologies throughout the latter half of the nineteenth and early
twentieth centuries. This is exemplified by their interest in the cyanamide process, the collection
of ammonia byproducts from coking, and collaborative ventures with Norwegian counterparts
aimed at scaling up electric furnaces for the electric-arc process®. German chemists had long
been engaged in the groundwork that underpinned the development of the Haber process,
predating the involvement of Fritz Haber himself. This is evidenced most explicitly by the work
of Wilhelm Ostwald, who reported to BASF in 1900 that he had succeeded at producing
ammonia from hydrogen and nitrogen in the presence of an iron catalyst>>. Even before
Ostwald, chemists had been trying to realize the insights of Berthollet, Lavoisier, de Morveau,
and de Fourcroy that ammonia could be produced from the synthesis of nitrogen and hydrogen.
Johann Wolfgang reported ammonia synthesis from catalysts such as platinum in 1823, Otto
Erdmann and Richard Marchand reported trace amounts of ammonia from passing nitrogen and
hydrogen over red hot coals in the 1840s, Henri Saint-Claire Deville reported the persistence of
ammonia with prolonged sparking in 1865, and William Ramsay and Sydney Young reported on
the decomposition of ammonia at temperatures above 800°C in 1884°. Le Chatelier calculated
the required temperature, pressure, and amount of iron catalyst to produce ammonia in 1901 but
dropped his experiments after his apparatus blew up’*. Consequently, upon commencing his
research endeavors in 1903, Haber entered into a scientific milieu where chemists were already
familiar with the synthesis of ammonia via a catalyzed, high-temperature, high-pressure process.

53 Ostwald reported to BASF that he had developed a process for ammonia synthesis with an iron catalyst. BASF
deployed Bosch to confirm his claims and Bosch reported that the ammonia Ostwald detected in his study was
actually coming from the hydrogenolysis of iron nitride formed on the iron catalyst during its treatment. Bosch also
reported he was unable to detect any catalysis for the same reaction under pressures of 0.5 MPa. See Enriching the
Earth (Smil, 2004)
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Haber's pivotal contribution to this continuum of inquiry lay in refining an optimized synthesis
method achievable under practical operating conditions.

Haber started his work on ammonia synthesis at the behest of the Osterreichische Chemische
Werke, a chemical company in Vienna in 1903. During his tenure as a professor at the
Technische Hochshule in Karlsruhe, Haber embarked upon his initial investigations concerning
the equilibrium dynamics governing the interaction between ammonia and its precursor
elements, nitrogen and hydrogen®*. Building upon the research conducted by Ramsay and
Young, Haber elucidated the modest ammonia yields achievable under equilibrium conditions at
1000°C. However, he inferred that the establishment of an economically viable system
predicated on this reaction necessitated the utilization of a catalyst operating at atmospheric
pressure and temperatures not exceeding 300°C>. In light of these findings, Haber terminated
his engagement with the aforementioned project and redirected his focus primarily towards
research endeavors within the domain of electrochemistry. In the wake of a public scholarly
dispute with Walter Nernst, wherein accusations were made regarding the accuracy of Haber’s
findings®®, Haber resumed his engagement with the project with the aim of reinstating his
academic credibility. He refined his experiments in 1907, further elucidating the equilibrium
dynamics governing ammonia synthesis, and in the process ascertained that optimal ammonia
yields were theoretically possible at lower temperatures (200-300°C) and elevated pressures (>3
MPa). At this juncture, Haber’s parallel investigations into nitric oxide production via the
electric arc method®” had garnered the interest of BASF, still aspiring for commercialization of
the arc process. BASEF initiated discussions with him regarding a collaborative effort,
subsequently, two contracts were negotiated: one pertaining to the advancement of the arc
process, and the other encompassing his broader research endeavors in nitrogen fixation
Through this partnership, Haber continued his work on ammonia