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Humans and the Soil
Daniel C. Fouke*

The way we farm, the kinds of backyards and landscapes we favor, and the way we control 
patterns of development are creating an invisible crisis through their affects upon soil ecol-
ogy. The invisibility of soil ecosystems, the seemingly alien properties of the organisms that 
inhabit them, and the specialized knowledge required to understand them create obstacles 
to moral concern for these fountains of life. Our treatment of soils has reached the point of 
crisis. Obstacles to moral thinking about soils might be overcome by supplying the moral 
imagination with a deeper understanding of our own biological identity as ecosystems 
analogous in organization and functions to soil ecosystems. Not only have microbes created 
the conditions necessary for human life, but they have shaped our evolutionary history and 
helped constitute the human genome. Our biological identity encompasses communities of 
microbes, such that humans (and all organisms) are most properly understood as ecosystems. 
For this reason, moral concern for humans implies moral concern for ecosystems. 
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email: Daniel.fouke@notes.udayton.edu. Fouke’s primary research is in early modern philosophy. He 
is the author of Philosophy and Theology in a Burlesque Mode: John Toland and the Way of Paradox 
(New York: Prometheus Books, 2005) and The Enthusiastical Concerns of Dr. Henry Moore: Religious 
Meaning and the Psychology of Delusion (Leiden: E. J. Brill, 1997).

INTRODUCTION

 The alarming disproportion between the seriousness of environmental problems 
and the level of moral concern they evoke emphasizes the obstacles to environmental 
reform. These impediments are especially great when the problems are difficult to 
visualize, require specialized knowledge to understand, and do not easily arouse 
the moral emotions, imagination, and sentiments. One such problem is occurring 
beneath our feet. Human practices are destroying the life of the soil upon which 
our existence depends. Outside of a relatively small number of scientists the nature 
and urgency of these problems are hardly understood. One would have a hard time 
discovering any mention of the problem in the news media. It seems that those 
who are creating the crisis by the way they farm, by the kinds of backyards and 
landscapes they favor, and by the way they control patterns of development are 
hardly aware of the consequences of their actions. The unprecedented nature of this 
and other environmental crises requires broader understanding of both soil ecol-
ogy and human nature. In what follows, I briefly describe the scientific basis for 
claiming that our treatment of soils has reached the point of crisis. I then discuss 
the obstacles to moral thinking about soils, and how they might be overcome by 
supplying the moral imagination with a deeper understanding of the biological 
nature of organisms, including humans. I make the case that not only have microbes 
created the conditions necessary for human life, but that they have shaped our evo-
lutionary history and helped constitute the human genome. Our biological identity 
encompasses communities of microbes, such that humans (and all organisms) are 
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most properly understood as ecosystems. For this reason, moral concern for humans 
implies moral concern for ecosystems. I then propose norms that should govern 
our attitudes towards the invisible components of soil ecosystems.

SOIL ECOSYSTEMS

 Soil has been commonly viewed as something analogous to an inert medium 
that anchors plants and acts as a sponge, absorbing and conveying to the roots the 
nutrients we supply through chemical fertilizers. This view contrasts sharply with 
the growing body of scientific knowledge that shows soil fertility to depend on an 
exceedingly complex ecosystem or food web in which plants are active participants. 
Much of the carbohydrates, amino acids, and other organic compounds produced 
by photosynthesis are exuded into the rhizosphere (the zone of soil under the influ-
ence of plants’ roots) where they provide nutrients for bacteria, fungi, and other 
organisms. The diversity of microorganisms in soil by far exceeds that in any other 
ecosystem. A square meter of an organic agricultural soil may contain thousands 
of species of organisms with astounding densities of population. A single gram 
of soil may contain more than a thousand fungal hyphae and a million or more 
individual bacterial colonies. The microbes nourished by plants produce extracel-
lular compounds with adhesive properties which aggregate the mineral and organic 
components of the soil and provide food for larger organisms such as protozoa and 
nematodes, which then become prey for collembola and other arthropods. Most 
microbial activity is fundamentally governed by the availability of fixed carbon 
provided by the organic wastes decomposed by the activities of fungi, bacteria, 
and arthropods. The soil community also benefits from earthworms and other 
fauna that mix, aerate, and structure the soil so that it retains water and nutrients. 
Earthworms ingest mineral soil and organic matter, mixing them with organic secre-
tions, nutrients from plants, and microbes and egest particles bound together with 
secreted polymers that stabilize and enhance the fertility of the soil. Mycorrhizae, 
a symbiosis between fungi and the roots of ninety-five percent of all plants, have 
been increasingly understood to play a central role in soil ecosystems. Fungi pen-
etrate roots and exchange nutrients with them. Because the strands of fungi extend 
much farther than the roots, and penetrate smaller spaces in the soil, they increase 
the range of nutrients available to plants.1 Soil organisms define the architecture of 
the soil, governing the movements of gases, liquids, particulates, and organisms and 
providing sites for colonization by microorganisms. The relationship between soil 
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organisms and soil structure suggests that healthy soil is a self-organizing system 
which can be disrupted by changes to soil structure as well as soil biota.2 
 Soil fertility, pest and disease control, and other important ecological functions 
of soil systems originate from a flow of energy produced by photosynthesis in 
plants that converges with energy produced by decomposers of dead organic matter 
at higher trophic levels. The two energy pathways are also linked by the nutrient 
cycling of mycorrhizal fungi and nitrogen-fixing bacteria in symbiotic relations 
with the roots of plants. Overlaps in biotic relationships make soil a complexly 
integrated ecosystem, such that disturbance of one ecological function effects the 
dynamics of others.3 Healthy soil sequesters greenhouse gases, detoxifies noxious 
chemicals, reduces the need for water management, pesticides, and fertilizer inputs, 
and decreases runoff and erosion. 
 One way to measure the value of the ecosystem services provided by soils is to 
compare it to the costs of constructing and running modern systems of hydroponics 
that have been calculated to be more than $850,000 per hectare. When the benefits 
of cleansing toxins, processing organic wastes, recycling nutrients, and regulating 
greenhouse gases, such as carbon dioxide, methane, and nitrous oxides are added 
to this mix, soils provide services worth trillions of dollars annually.4 The soil eco-
system is also one of the richest sources of compounds important for biotechnology 
and medicine, and its regulation of carbon, nitrogen, and sulfur cycles is likely to 
have made possible the evolution of life on Earth as we know it.5
 Farming that employs heavy tillage, irrigation, or repeated applications of agro-
chemicals kills soil organisms, reduces the functional capacities of the soil ecosystem, 
destroys soil structure, produces salinized and alkalinized soils, depletes aquifers, and 
releases greenhouse gases. Growing crops in such a way replaces natural processes 
of nutrient cycling with an artificial ecosystem requiring constant management 
through continued applications of chemical inputs from non-renewable sources and 
intensive manipulation of the soil with all their harmful consequences.6 Pesticides, 
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however they are applied, are likely to affect soil organisms and ecological func-
tions of the soil. Industrially produced fertilizers inhibit nitrogen fixation in the 
soil, disrupt the nitrogen cycle, release greenhouse gases, diminish stratospheric 
ozone, contribute to smog, contaminate drinking water, acidify rain, and cause eu-
trophication in bays and estuaries which lead to dead zones. According to the U.S. 
Department of Agriculture about half of the fertilizer used each year in the United 
States does nothing more than provide a substitute for nutrients lost by topsoil ero-
sion. Conventional farming consumes expensive non-renewable resources—fossil 
fuels—as a substitute for what healthy soils could renewably provide at little cost. 
But even though it makes economic sense in the long term and is a moral impera-
tive for those who consider our duties to future generations, farmers have little 
economic incentive for changing their practices, because the annual reductions in 
crop yields that from result from erosion are usually negligible.7 Cumulative ef-
fects over generations create the soil crisis as linear rates of degradation give way 
to devastating threshold effects. Recent studies have shown that today soil erosion 
decreases corn yields minimally until a particular threshold is crossed in the depth 
of topsoil, which varies according to the type of soil. After that threshold is passed, 
average yield losses are fifty-nine percent.8
 In the last forty years, around one-third of the world’s arable land has been lost 
to erosion. Earth scientist David Montgomery calculates that it takes 700 to 1,500 
years to generate an inch of soil, or 300 to 600 years for a centimeter of soil. The 
thickness of undisturbed soil on hillsides in temperate and tropical latitudes is 
generally thirty to ninety centimeters thick. Using the rate of erosion caused by 
plowing, Montgomery predicts that agricultural civilizations which depend upon 
it will have a lifespan of 800 to 2,000 years, which matches the historical record 
for the decline of ancient cultures, such as the Greeks, Romans, and Mayans. Geo-
archaeological studies confirm the connection between soil erosion and the collapse 
of many ancient cultures. 
 Scientists at Cornell University estimate that remediating soil erosion would cost 
the U.S. $44 billion a year, but that an annual investment of about $6 billion could 
reduce erosion rates to the level of soil production. They calculate that each dollar 
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invested in soil conservation would produce a savings of five dollars.9 There is a 
vast literature on alternative methods of farming that have proven to be profitable 
without producing erosion and other damaging effects associated with conventional 
methods of farming.10

 It is not only farming that is destroying the soil. The construction of roads, parking 
lots, and the way we build and landscape residences, office buildings, and industrial 
sites have profound impacts. The processes of construction increase erosion, compact 
the soil, and remove fertile topsoil. Instead of cultivating native grasses, shrubs, 
and flowers consistent with healthy soils, Americans are addicted to exotic flowers 
and grass lawns—monocultures of fescue which are green deserts. American lawns 
require huge inputs of water, chemical fertilizers, pesticides, and herbicides with the 
same devastating consequences for the soil community as industrial agriculture.11

 At its ninth annual meeting in 1996, the International Soil Conservation Or-
ganization declared that the way we manage soils and use the land “should be 
considered to be more destructive than climate change” during the next decades. 
These same practices also contribute to climate change itself. The major greenhouse 
gases caused by human activity are carbon dioxide, methane, nitrous oxide, and 
halocarbons. Methane and nitrous oxide are produced mainly by microorganisms 
that are stimulated by human activities such as the increased use of fertilizer, 
cattle production, and waste management. Microorganisms play crucial roles in 
the cycling of other trace gases, such as carbon monoxide, hydrogen, nitric oxide, 
and reduced sulfur species, which indirectly influence the cycling of greenhouse 
gases by affecting atmospheric chemistry. The effects of human activity on the 
microbial communities in the soil are major contributors to the changing climate. 
A third of the total carbon dioxide that has been added to the atmosphere since the 
Industrial Revolution has come not from fossil fuels but from disturbance of soil 
ecosystems. Improved management of soils could convert them from sources of 
greenhouse gases to net carbon sinks.12

 

HUMANS AND THE SOIL



ENVIRONMENTAL ETHICS152 Vol. 33

 13 Montgomery, Dirt, pp. 49-81.
 14 Peter Kahn, “Children’s Affiliations with Nature: Structure, Development, and the Problem 
of Environmental Generational Amnesia,” in Peter Kahn and Stephen Kellert, Children and Nature 
(Cambridge, Massachusetts and London: MIT Press, 2002), p. 106. 
 15 Montgomery, Dirt, p. 227.
 16 Jared Diamond, Collapse: How Societies Choose to Fall or Succeed (New York, New York: Viking 
Press, 2005), p. 489.

IMPEDIMENTS TO MORAL THINKING ABOUT SOILS

 Our abuse of the soil certainly has many explanations. It is important to note that 
even as ancient civilizations were undermining their foundations by exhausting and 
eroding their soils some were aware of the harmful consequences of what they were 
doing. Although many prominent poets, philosophers, and politicians of the ancient 
world warned of the perils of inappropriate agricultural practices,13 awareness of 
the problem by a prominent few was no guarantee of a cure. In our culture, short-
sighted economic values, infatuation with expensive mechanisms that promise to 
ease the strain of labor, and the apparent success of the early years of the “green 
revolution” have created an agricultural ideology that is now entrenched among 
farmers, agricultural schools, and policy makers. So even the task of raising aware-
ness of the problem is difficult. It also requires a great imaginative effort to include 
in our moral calculations the impacts of our activities on future generations, even 
when we recognize that among them are the infants we now carry in our arms. In 
addition, we suffer from what has been called “environmental generational amne-
sia.” Our benchmarks are ever shifting, as each generation takes the environmental 
conditions of its youth as the standard against which to measure the degradation it 
perceives during its later years.14 As David Montgomery observes:

Even though Iceland has lost 60% of its vegetative cover and 96% of its tree cover, 
after 1,100 years of inhabitation most Icelanders find it difficult to conceive of their 
modern desert as having once been forested. Most don’t comprehend how severely 
their landscape has been degraded. Just as at Easter Island, people’s conception of 
what is normal evolves along with the land—if the changes occur slowly enough.15

The people of Scotland are not generally aware that their nation was once covered 
with a mighty forest; nor are the people of Iowa, who are surrounded with some of 
the richest soil on Earth, aware of how much of it they have lost. Jared Diamond 
describes a view of agricultural fields from an Iowa churchyard. The church built 
in the nineteenth century was surrounded by land that had been farmed since that 
time. Due to erosion in the agricultural land, the church stood ten feet above the 
surrounding fields.16 In this case, our environmental memory was only corrected 
by an accident of history and the ability to read the land. 
 Concern for soils is made more difficult because the world beneath our feet is 
largely invisible and is populated with microbes, fungi, and invertebrates. Some 
central tools of ethical reflection—our imagination, moral emotions, and empathic 
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reactions—seem to respond to other creatures in proportion to their similarity to 
our selves. We singularly fail to appreciate the complexity and even the beauty of 
most invertebrates. One day as I left a restaurant, I noticed a man outside the door 
suddenly and violently stomping his foot on the pavement before moving on. As I 
approached the spot, I saw the object of his visceral reaction—it was a large beetle. 
Its previous beauty was apparent in the iridescent greens and blues of its squashed 
wings and head. I marveled that this man was so impervious to its exquisite glory, 
seeing instead some loathsome creature worthy only of extermination.
 Stephen Kellert’s work on American attitudes reveals little knowledge of or ap-
preciation for ecological systems. He speculates that this situation is due to the fact 
that “most ecological processes depend on the functioning of obscure invertebrate 
and microbial organisms.” Most people, he thinks, have only the vaguest awareness 
of these organisms and the essential ecological services they provide. Their focus is 
upon the more visible and obvious organisms within the natural environment and 
the more prominent features of the landscape.17 In fact, Kellert has documented 
that Americans have strong antipathy to insects and other “vermin,”18 and every 
mushroom hunter has been dismayed by finding stands of choice, beautiful, and 
edible fungi kicked apart by someone who viscerally dislikes “toadstools.”

EXTENDING THE SCOPE OF MORAL CONCERN 

 Changing our behavior to prevent abuse of soil requires more than knowledge, 
as evolutionary psychologists and analysts of cultural cognition have well docu-
mented.19 But I focus here on knowledge, which must be part of any solution—
knowledge of what we are, what organisms are, and our relationships to organisms 
and ecosystems—and what kinds of attitudes and values are appropriate in light of 
this. Attempts to construct an environmental ethic are often crippled by a failure to 
appreciate what humans really are biologically, which is a first step toward wisdom 
with regard to our role in the natural world.

 The MyTh of The Self-ConTained individual

 We ourselves are ecosystems, with functional parts very similar to those in the 
soil community. Recently there have been important advances in what is called 
metagenomics. The human “metagenome” comprises both the collection of the 
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genes contained in the Homo sapiens genome and in the microbial communities 
that colonize our bodies.
 The organisms within these communities are collectively known as the human 
“microbiome.” 

The metagenome of these communities encodes physiological traits that humans have 
not had to evolve, including the ability to harvest nutrients and energy from food 
that would otherwise be lost because we lack the necessary digestive enzymes. . . . 
Without understanding the inhabitants of the human microbiome and the mutualistic 
human-microbial interactions that it supports, our portrait of human biology will 
remain incomplete.20

 Just the number of microbes inhabiting the surface of our skin is ten times greater 
than human cells in our bodies. The total amount of metabolic information encoded 
in our microbial symbionts is many times greater than that contained in our own 
genes.21 
 What we call our “selves” are not individuals but whole communities living 
in symbiosis, and this is true not only of ourselves, but of all organisms. Darwin 
himself observed, “Each living creature must be looked at as a microcosm—a little 
universe, formed of a host of self-propagating organisms, inconceivably minute 
and as numerous as the stars in heaven.”22 The microbiologist Lynn Margulis, 
whose work on symbiogenesis and microbial contributions to evolution has been 
revolutionary, concludes that “We must begin to think of organisms as communities, 
as collectives” the members of which exchange matter, energy and information. 
“And communities are ecological entities.”23 
 Scientists are a long way from a complete description of the human microbiota, 
but it has been established that specific sites on our bodies (such as the skin, mu-
cosal surfaces, and the gut) furnish homes for microbial communities that fulfill 
roles essential to our health and functioning. For example, bacteria make K and B 
vitamins that are absorbed through our intestinal walls.24 Polysaccharides in plants 
are not digestible by humans, but provide substrates for microbial growth in the 
colon. Microbial fermentation in the colon, in turn, provides sources of energy 
for their host. Microbial symbionts secrete molecules that inhibit pathogens and 
detoxify harmful compounds in their hosts. Our microbial communities influence 
the expression of genes that govern physiological functions and send signals to 
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the brain in ways that control the immune system. From the perspective of the 
various microbial communities that populate our bodies, we are simply complex 
environments.25 
 Once we recognize the degree to which we depend upon intimate and ongo-
ing mutualistic interactions with the vast populations of microbes for which we 
provide habitat, our usual ways of thinking turn upside down. It is paradoxical to 
describe the value of microbes as merely instrumental, since we cannot live or 
function without them. We can no longer think of organisms as if they were single 
autonomous things. It is not even clear how we should describe or refer to them. 
Tom Wakeford asks, “Is a cow an animal or a microbial fermentation vessel, when 
without the microbes, the cow would not exist?”26 We can ask similar questions 
about ourselves.

 how we CaMe To Be

 Questions about the biological identity of an organism arise not only from its 
ecosystematic features, but from its evolutionary history—the processes which 
made it what it is. Carl Woese makes this point forcefully: “The organism and its 
evolution are one. An organism’s being cannot be separated from its becoming: the 
two are but different facets of the same germ.”27 As a result of our evolutionary 
history, the human metagenome contains thousands of times more genes than the 
human genome.28 Inside of us, there is more viral DNA than DNA in human genes. 
Of the human genes more than half are viral genomes or viral fragments that have 
been naturally selected in the course of human history.29 
 Evolutionary biologists have, until recently, emphasized that random mutations 
in genes are the drivers of evolution. More recently biologists have recognized 
that some of the most significant agents of evolutionary change were microbes 
and their ecological relations. Among these were symbiotic relationships from 
which new species emerged through the fusion of what were previously distinct 
organisms. These organisms (now integrated as organelles into the cytoplasm of 
our cells)30 reproduce in different ways and at different times from the rest of 
the cell. One such example are mitochondria, integral components of the human 
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metagenome which make aerobic respiration possible. Mitochondria are relicts of 
bacteria that, previously, were independently existing organisms capable of using 
oxygen to generate energy. Somewhere in the course of pre-human evolutionary 
history some single-celled eukaryotes engulfed these bacteria and found ways to 
use them for the generation of energy in the form of ATP (adenosine triphosphate). 
Mitochondria—with their own DNA, genes, and proteins—are present in every 
eukaryotic cell in our bodies.31 Horizontal gene transfer, in which organisms, even 
of different species, exchange genes without sexually reproducing, has been in-
creasingly recognized as a kind of invisible commerce or cooperation that shaped 
evolutionary development.32 “The living subvisible world ultimately underlies the 
behavior, development, ecology and evolution of the much larger world of which 
we are a part and with which we co-evolved.”33 Around 250 of our human genes 
that code for proteins have been acquired from bacteria.34 We would not be what 
we are without these invisible citizens of our planet.

 whaT iS healTh?

 Our treatment of the soil ought to be governed by norms analogous to those that 
govern medicine. Medical science is guided by the notion of health. Louis Pasteur 
introduced the world to microbes under the characterization of germs—invisible 
invaders which attack us with diseases and which must be hunted down and killed. 
Unquestionably, some microbes are pathogens which can adversely affect our 
health or even kill us. But health can in large measure be understood as an issue 
of ecological relationships among the cells, organs, and microbial communities 
inhabiting our bodies. 35 Recently, a woman afflicted with a wasting disease was 
cured by a procedure known as bacteriotherapy or fecal transplantation which re-
stored the ecology of her intestinal microbiota.36 Medical research has demonstrated 
that the notion of human health must be expanded to consider the principles and 
mechanisms of microbial communities and the roles they play as both pathogens 
and mutualists.37

 Human health and soil health are both normative concepts. Human health is 
based on a normative conception of human well-being. Soil health is based on a 
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normative conception of what constitutes a biologically productive and regenerative 
ecosystem: “Soil health is the capacity of soil to function as a vital living system, 
within ecosystem and land-use boundaries, to sustain plant and animal productivity, 
maintain or enhance water and air quality, and promote plant and animal health.”38 
Methods of manipulating (one might say “nurturing”) soil ecosystems to reduce 
pathogens and increase fertility have been well researched and reveal ways of 
working with the soil food web to increase yields that do not require the use of 
chemical pesticides or fertilizers and that reduce erosion.39

 where we live and Shaping our heriTage

 Holmes Rolston, III attempts to draw a line between “skin in” and “skin out” 
dimensions of organisms: 

HUMANS AND THE SOIL

Within an individual organism the organs are so tightly integrated that we do not term 
the organism a community at all. No one complains that the goods of heart and liver 
are only instrumental to the good of the organism. But communities, social or biotic, 
never have this kind of organization. Biotic communities leave individuals “on their 
own” as autonomous centers, spontaneous somatic selves defending their life program.40

With regard to “skin out,” he says, organisms form communities:

An ecosystem has no genome, no brain, no self-identification. It does not defend itself 
against injury or death as do blue jays, milkweeds, cougars. It is not irritable. An oak-
history forest has no telos, no unified program it is set to execute.41

Of ecosystems, he says, we cannot say that their value is merely instrumental. Nor 
can we say it is intrinsic, “as though the system defended some unified form of life 
for itself.” To express the value of ecosystems, he coins the term systemic value, by 
which he means the value of the ecological systems from which organisms, with 
intrinsic value, emerge or are “projected” through the course of evolutionary time.42 
But what I have been saying suggests that no such hard line can be drawn between 
organisms and ecosystems—the two are woven together. Not only are organisms 
biotic communities, bacteria created the very conditions that make our lives pos-
sible. Plants and animals would be starved for phosphorus without fungi.43 Infants 
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acquire the microbiota they need for survival from their environments, during the 
first weeks, months, or years of their lives.44

 The relationship between what we do to the ecology of our environment and 
the future of our species has been recognized in the role of niche construction as 
one of the causes of evolutionary development. This concept further emphasizes 
the degree to which we cannot understand ourselves apart from the environments 
that surround us. The movement, behavior, choices, and even the metabolisms of 
all organisms modify their environments. “In doing so, they transform some of 
the selection pressures in the environments that subsequently select them.” As a 
consequence, succeeding generations of organisms will evolve under the influence 
of “selection pressures previously transformed by their own, or by their ancestors’, 
niche-constructing activities.”45

 This point can be illustrated by Aldo Leopold’s discussion of the differing land-
scapes on the north and south slope of Germany’s Spessart Mountain:

Its south slope bears the most magnificent oaks in the world. American cabinet mak-
ers, when they want the last word in quality, use Spessart oak. The north slope, which 
should be the better, bears an indifferent stand of Scotch pine. Why? Both slopes are 
part of the same state forest; both have been managed with equally scrupulous care for 
two centuries. Why the difference?46

The difference, he explains, was only recently discovered through advances in soil 
science that determined that clear cutting of the north side during the Middle Ages 
had so radically altered the ecology of the soil that centuries could not mend it.
 The ecological inheritance we impart to our children will determine their evo-
lutionary fate. Humans, then, however we think of them, impair their own fitness, 
as well as the fitness of other members of the ecological community, by degrading 
their environment. These are morally serious grounds for a profound reevaluation 
of our mode of existence. 

NORMATIVE ATTITUDES

 Knowledge of how we ought to change our treatment of soils is readily avail-
able. A blueprint for agricultural reform has just been published by the National 
Research Council.47 Planners, zoning commissions, and citizens could, with a 
little knowledge and guidance, change their ways. As Leopold famously pointed 
out, through the course of history humans have managed to expand their moral 
awareness by moving creatures, such as the slave girls of Odysseus, from the class 
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of propertied things to persons. J. Baird Callicott points to Leopold’s emphasis on 
the role of ecologically and evolutionarily informed imaginative activity to make 
possible the new kinds of perception we need.48 Leopold, discussing Daniel Boone’s 
perception of the natural world, claims that

HUMANS AND THE SOIL

Daniel Boone’s reaction depended not only on the quality of what he saw, but on 
the quality of the mental eye with which he saw it. Ecological science has wrought 
a change in the mental eye. It has disclosed origins and functions for what to Boone 
were only facts. It has disclosed mechanisms for what to Boone were only attributes. 
We have no yardstick to measure this change, but we may safely say that, as compared 
with the competent ecologist of the present day, Boone saw only the surface of things. 
The incredible intricacies of the plant and animal community—the intrinsic beauty 
of the organism called America, then in the full bloom of her maidenhood—were as 
invisible and incomprehensible to Daniel Boone as they are today to Mr. Babbit. The 
only true development in American recreational resources is the development of the 
perceptive faculty in Americans.49

Leopold insists that this sort of development is not the sole province of ecologists, 
but rather a new way of looking at the most ordinary things around us, such as 
“weeds in a city lot.”50 
 I am not defending a view that assigns rights to microorganisms, or inhumanely 
refuses to distinguish between those that are pathogens and those upon which we 
depend. I am suggesting that the evolutionary history through which we came to be 
what we are and our current dependency on certain communities of microorganisms, 
both in our bodies and in the soil, link us so closely to them as to make instrumental 
valuation of them paradoxical. Lynn Margulis observes that “The environment is 
so interwoven with bacteria, and their influence is so pervasive, that there is no 
really convincing way to point your finger and say this is where life ends and this 
is where the inorganic realm of nonlife begins.”51 
 In “Caring for Nature,” Holmes Rolston, III provides a remarkable series of 
quotations from secular humanists and atheists who seem to find that nothing other 
than religious language can describe their attitudes towards the system of life.52 
Stephen Jay Gould writes

Something almost unspeakably holy—I don’t know how else to say this—underlies 
our discovery and confirmation of the actual details that made our worlds and also, 
in realms of contingency, assured the minutiae of its construction in the manner we 
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know, and not in any one of a trillion other ways, nearly all of which would not have 
included the evolution of a scribe to record the beauty, the fascination, and the mystery.53 

E. O. Wilson writes, “The flower in the crannied wall—it is a miracle.”54 “The 
biospheric membrane that covers the Earth, and you and me, . . . is the miracle 
we have been given.”55 Even Daniel Dennett, who certainly has no sympathy with 
any recognizable form of religion, exclaims that “This world is sacred.”56 Clearly 
these statements are not to be taken literally, but the attitudes they express are 
profound reverence, humility, and a sense of something like grace. These kinds of 
attitudes toward the system of life are, in my view, normative. These are the kinds 
of attitudes we ought to have.
 We ought to form attitudes toward these life forms that recognize the centrality 
of the kinds of organisms from which we evolved and upon which we depend. We 
have derived our being from them. They sustain our existence. They fill us and 
surround us. Our fate is in their hands and is tied to how we treat them. We ought 
to be grateful for what they give us, respectful of what they are, humbled by our 
dependency upon them, cautious in tampering with their life-generating and life-
sustaining functions. Perhaps we ought even to be reverent of them. Certainly, we 
ought not to treat them callously and as unworthy of moral consideration. Bacteria 
perceive, communicate with one another,57 “develop collective memory, use and 
generate common knowledge, develop group identity, recognize the identity of 
other colonies, learn from experience to improve themselves, and engage in group 
decision-making, and additional surprising social conduct that amounts to what 
should most appropriately be dubbed as social intelligence.”58

 We can more easily live without our legs and arms than without these microbial 
communities. We are ecosystems. Understanding what we are opens the door for 
moral concern for the soil community. Soil health is closely analogous to human 
health. Moral concern for humans encompasses moral concern for ecosystems, 
including those that create fertile soil. Planners, farmers, politicians, landscapers, 
and plain citizens treat the soil as they do because they know no better. 
 Evolutionarily speaking it is, if not quite literally true, then nearly so, that we 
were made from the soil. With regard to this point, we may credit Genesis 2 with 
a profound insight into human nature—an insight expanded upon by Daniel Hillel:

The indissoluble link between man and soil is manifest in the very name ‘Adam,’ 
derived from adama—a Hebrew noun of feminine gender meaning earth, or soil. . . . 
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HUMANS AND THE SOIL

‘Hava’ (rendered ‘Eve’ in translation) literally means ‘living.’ In the words of the Bible: 
‘And the man called his wife Eve because she was the mother of all living.’ Together, 
therefore, Adam and Eve signify ‘Soil and Life.’59

If we were made in God’s image, then God is something like an ecosystem or biotic 
community. But even if we were not, the ecosystems of which we, every animal, 
and the soil are all types, are worthy of moral understanding and respect. We depend 
upon the soil community for the survival of our children and children not yet born. 
Appreciating the awesome complexity and beauty of the human metagenome—the 
human ecosystem—might enable us to see our own image in the ecology of the 
soil and in ourselves an image of the soil. The story of life in the soil and our con-
nection to it offers rich resources for the moral imagination that could stimulate 
the ethical evolution upon which the survival of humanity depends.
 


