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ABSTRACT
Recent compilations of data from around the world show 

that soil erosion under conventional agriculture exceeds both 
rates of soil production and geological erosion rates by from 
several times to several orders of magnitude. Consequently, 
modern agriculture—and therefore global society—faces a fun-
damental question over the upcoming centuries. Can an agri-
cultural system capable of feeding a growing population 
safeguard both soil fertility and the soil itself? Although the 
experiences of past societies provide ample historical basis 
for concern about the long-term prospects for soil conservation, 
data compiled in recent studies indicate that no-till farming 
could reduce erosion to levels close to soil production rates. 
Similarly, organic farming methods have been shown to be 
capable of preserving—and in the case of degraded soils, 
improving—soil fertility. Consequently, agricultural production 
need not necessarily come at the expense of either soil fertility 
or the soil, even if recent proposals to rely on conventionally 
grown corn for biofuels exemplify how short-term social and 
economic trade-offs can deprioritize soil conservation. Like the 
issues of climate change and loss of biodiversity, ongoing global 
degradation and loss of soil present fundamental social chal-
lenges in which the slow pace of environmental change counter-
intuitively makes solutions all the more difficult to adopt.

They’re making more people every day but they ain’t 
makin’ any more dirt. —Will Rogers

INTRODUCTION
Public concern over the future of civilization and issues of 

sustainability in general tends to focus on global warming, loss 
of biodiversity, and the end of the fossil-fuel era. Far less soci-
etal concern has been focused on how dramatically conven-
tional agriculture has increased soil erosion around the world, 
however, or on the role of soil degradation and loss in the his-
tory and fate of civilizations. With global agricultural soil ero-
sion outpacing soil production by a wide margin (Wilkinson 
and McElroy, 2007; Montgomery, 2007b), modern conventional 
agriculture is literally mining soil to produce food (Fig. 1)—and 
yet, feeding humanity fundamentally depends on fertile soil. 
Unless this deceptively simple problem is solved, soil loss will 
become a key issue facing society over the next several cen-
turies, in a process like that recognized as contributing to the 
decline of ancient societies (e.g., Montgomery, 2007a). Even 
a casual reading of history shows that under the right circum-
stances, climatic extremes, political turmoil, and/or resource 

abuse can bring down a society, and in the upcoming century, 
we face the potential convergence of all three as shifting cli-
mate patterns and depleted oil supplies collide with acceler-
ated soil erosion and the resulting loss of cropland (Brink et al., 
1977; Larson et al., 1983; Ruttan, 1999).

Soil erosion represents just a single aspect of agricultural sus-
tainability because soil productivity involves nutrient budgets, 
not just soil loss. Ecologically productive soils, those with more 
soil microorganisms and organic matter, can support greater 
plant growth. Numerous studies have shown how conven-
tional tillage reduces soil organic matter (Lal, 2007) and thereby 
reduces biological activity that supports soil fertility. In addition, 
soils that thin due to rapid erosion have reduced weathering 
time that may limit the availability of key plant nutrients, lead-
ing to reduced soil fertility. And it has long been recognized 
that sustained cropping without appropriate crop rotation can 
deplete soil nutrients and that chemical fertilizers can greatly 
enhance the productivity of degraded soils. So even though the 
issue of sustainable soil erosion may be appropriately gauged 
by soil production rates, the overall health and fertility of the 
soil further depends on soil nutrient and organic matter con-
tents. An agricultural soil need not be entirely eroded away to 
preclude economical farming.

Farmers around the world plow to prepare the seedbed for 
planting, to mix crop residues, manure, and fertilizers into the 
soil, and to dry and warm the soil in spring. Plowing leaves 
soils bare and vulnerable to erosion, especially on modern 
mechanized farms, leading to net soil loss and degradation 
(Dale and Carter, 1955). Each pass of the plow also pushes soil 
downslope: The straight, angled blade of a conventional plow 
lifts and turns soil over, pushing it aside and moving it downhill 

Figure 1. Crucified Land, by Alexandre Hogue (1898–1994). Oil on canvas,  
1939. Courtesy of Gilcrease Museum, Tulsa, Oklahoma.
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and silty soils. Moreover, a key constraint on adoption of no-till 
methods in developing countries is that the biomass left on the 
fields under no-till practices is more valuable as cooking fuel 
(Lal, 2007).

Yet, rebuilding soil organic matter could provide one of the 
few simple, profitable ways to fend off global warming. When 
soil is plowed and exposed to the atmosphere, oxidation of 
organic matter releases carbon dioxide gas. A third of the total 
carbon dioxide buildup in the atmosphere since the industrial 
revolution has come from degradation of soil organic matter as 
hundreds of millions of acres of virgin land were plowed up 
in the late nineteenth and early twentieth centuries (Stuiver, 
1978). No-till farming can reverse this process by stirring crop 
residues back into the soil surface, gradually increasing soil 
organic matter—as much as tripling soil carbon content in <15 
yr in some studies. Conversion of all the world’s croplands to 
no-till farming could sequester 1 Pg C yrŠ1 (Pacala and Socola, 
2004) while simultaneously rebuilding soil fertility. Increasing 
the organic matter content of agricultural soils could play a sig-
nificant role in efforts to reduce the pace of global warming.

Like many environmental problems that become harder to 
address the longer they are neglected, soil erosion threatens 
to undermine the foundation of civilization over time scales 
longer than social institutions last. Irreplaceable over human 
time scales, soil is an awkward hybrid—an essential resource 
renewable only at a glacial pace. But unlike oil, there is no 
conceivable alternative for soil. Recent proposals to increas-
ingly rely on conventionally grown corn and sugar cane to 
supply biofuels risk trading a system based on mining oil for 
one rooted in mining soil. Consequently, geoscientists will 
prove instrumental in establishing, evaluating, and implement-
ing sustainable agricultural practices.

Indeed, as society grapples with agricultural issues in a 
post-petroleum world, geoscientists will have as great—and 
as fundamental—a role to play as do genetic and agricultural 
engineers. Sustainable agriculture will require adapting farm-
ing techniques to the land, and fertile soils are complex sys-
tems well-suited to study in the interdisciplinary perspective 
common amongst geoscientists. Although Leonardo da Vinci’s 
insightful observation that “we know more about the celestial 
bodies than the soil underfoot” may no longer be literally true, 
further understanding of soil formation and erosion would 
help tailor agriculture to the land. Foremost among these are 
developing increased understanding of the controls on rates of 
weathering and soil production and on erosion under different 
agricultural techniques. In addition, the role of microbial life in 
establishing and maintaining soil fertility is becoming increas-
ingly recognized as a research area critical for evaluating both 
conventional and alternative agricultural practices. The geosci-
ences in general, and pedology, geobiology, hydrology, and 
geomorphology in particular, have key roles to play in defin-
ing, understanding, and implementing a path to feeding the 
world in the coming centuries.

For all the attention focused on global warming, the end of 
the oil era, and loss of biodiversity, there is a danger that soci-
ety may neglect the most basic environmental change sweeping 
the planet. Even though it is hard to notice in a single lifetime, 
Earth’s continents are losing their prime agricultural soils in a 

process that, if sustained, will eventually undermine civilization. 
Bringing soil erosion rates back into line with soil production 
rates could provide the basis for sustaining the soil—whether 
on industrial or organic farms. And adapting agricultural meth-
ods to the land could use agroecology to improve the soil even 
as it is worked to produce food. Still, we would be well served 
to recognize that the history of soil loss and degradation in past 
societies reveals that, paradoxically, sometimes the things that 
happen slowly are the most difficult to stop.
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