


Soll Is a Strategic Resource




No real mystery that some of the key controls on
the longevity of human soclieties are ...

Climate Change Natural Disasters

Politics, War, and Social But what about soil?

Evolution The fundamental
condition for sustaining a
civilization is sustaining
the soil and its fertility.



Soll erosion resulting from
deforestation has been proposed to
explain the demise of civilizations
around the world.

Mesopotamia
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But in many regions
trees can grow back
before soll
disappears...

Was the agriculture that
followed the real culprit?



Could agricultural soil erosion and
degradation limit the life span of civilizations?






Over the last 40 years soil erosion has
caused farmers to abandon about 430
million ha of arable land, an area
equivalent to about one-third of all present
cropland.

The estimated rate of world solil erosion In
excess of new soll production is 23 billion t
yr, or about 0.7% loss of the world's soll
Inventory each yeatr.

Pimental et al., 1992, BioScience




Recent archaeological
studies showed that soil
erosion played a role in
the demise of ancient
civilizations of Neolithic
Europe, Classical
Greece, Rome, the
Southern United States,
and Central America.
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Under native vegetation, a typical soil thickness develops, reflecting
the local climate, vegetation, topography, and geology
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Over time, the change in soil thickness equals the net difference
between soil production and soil loss.



In the permanence ...of a coat of vegetable mould on
the surface of the earth, we have a demonstrative
proof of the continual destruction of the rocks; and
cannot but admire the skill, with which the powers
of the many chemical and mechanical agents
employed In this complicated work, are so adjusted,
as to make the supply and the waste of the soll
exactly equal to one another.

- [Playfair, 1802, p. 106-7]



Invention of the plow fundamentally altered
the balance between soil production and soil
erosion, dramatically increasing soil
erosion...



Cycles of erosion
and soil formation in
ancient Greece
began with Bronze
Age erosion after
Introduction of
plow-based
agriculture.



Van Andel and Runnels (1987)
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Population density of the Southern Argolid
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Plato
427-347 B.C.

The rich, soft soil has all run away
leaving the land nothing but skin
and bone. But in those days the
damage had not taken place, the
hills had high crests, the rocky
plain of Phelleus was covered
with rich soil, and the mountains
were covered by thick woods, of
which there are some traces today.




Erosion rates In the
Roman heartland
Increased by an
order of magnitude
starting about the
2nd century B.C.

Judson (1963; 1968)



You have all traveled through many lands;
have you seen any country more fully
cultivated than Italy? [Varro, 1.2.6]

It IS also a science,
which explains what
o be sown and
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Rome’s North African

colonies supported
extensive olive and cereal

plantations In the 1st
through 3rd centuries A.D.




Walter Lowdermilk Timgad,
Libya

Over a large part of the ancient granary of Rome we
found the soil washed off to bedrock and the hills
seriously gullied as a result of overgrazing.



. ]+
N

SEEN QT B D
|




)

‘H!‘\!‘\!—\

oo \=/

O
a

@]

1

S




e T s

cotntry. has:oeen alvg
e A AR ST o

<~ a-dense_forest, from the remigy

eritfirstemerged-from the sea. |
“Lyelt, 1849, v- 1T pr24]. TS

-
e bl T

e '-_".If‘f'}r . T Ny

— - <N
~ - = Wm # | '
G Yoy -
R e s PO R B P —



=

e B o
B T ey
W——-jﬂ_ - .{- A ——

—— . L, .s
. ,orm - Rl | b
- A ’ - A S '!J‘-\"-‘\ - S ﬂ

= s P LT L e b o ‘]
'y By -
R e TS - ST
- — o f"x_H,_._ -1_-
— s H‘{;r = '-::d:‘:' - ) -
a = T j”\lff“c::-\\,-\-.h
‘ e »oa - ) -



Extensive soll erosion did not
occur because of ignorance of
soll conservation practices

Most of the erosion-control
practices in use at the present
time ... were either
developed by the Virginia
farmers or became known to
them during the first half of
the nineteenth century.

- [Hall, 1937, p.]
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Palouse, Washington 1950s

Kaiser (1961)
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Palouse, Washington

1911

1961



In researching the book, I began
compiling additional data on
both contemporary and long-
term (geological) erosion rates—
and agricultural erosion rates in
particular...



1402 measurements of agricultural

and geological erosion rates
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USDA soll loss tolerance values range from 0.4 to 1 mm/yr

Agriculture
Cratons

Soil Mantled
Alpine/Glaciated

Ooop e

Soil-Mantled

(9]0(® S0 (9D S SIIS IS S (S SO ((

Cratons
FAAAWAWA AtAL' AVA'A /AL A\ A\/AV A A AVNYE /AN AY

ne/Glaciated
N Ord d

0.0001 0.001 0.01 0.1
Erosion Rate (mm/yr)

10°

1 10

Conventionally plowed farms erode like alpine topography

Conventional agriculture unsustainable in soil-mantled landscapes

100




Probability
distributions for
geological erosion
rates, erosion under
native vegetation,
and by no-till
agriculture are all
comparable.

Agricultural soll
loss IS not because
humanity farms but
arises from how we
farm.
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Erosion Rates

Measurement type median mean
(sample size) (mm/yr) (mm/yr)
Conventional Agriculture 1.537 3.939
(448)

No-till Agriculture 0.082 0.124
(47)

Native Vegetation 0.013 0.053
(65)

Soil Production 0.017 0.036
(188)

Geological 0.029 0.173

(925)



Global erosion rates have increased by more than
an order of magnltude due to human activity...
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Average erosmn rate for Iést 500 m|II|on years =1 inch /1400 yrs

Average rate of soil production at present =1inch / 500 yrs

Average rate of soil erosion at present =1inch / 60yrs

Inson, 2005)




Net soil erosion under
conventional
agriculture of ~ 1
mm/yr implies that
erosion of a typical 0.5
- 1 m thick hillslope
soll could occur In
roughly 500 to 1000
years; approximately
the lifespan of most
major civilizations...



Here in a nutshell, so to speak, we have the underlying
hazard of civilization. By clearing and cultivating
sloping lands—for most of our lands are more or less
sloping—we expose soils to accelerated erosion by
water or by wind.... In doing this we enter upon a
regime of self-destructive agriculture.

- [Lowdermilk, 1953, p. 26]



Key challenges for 21st century

e adapt farming methods to the
local soil type and conditions;

e maintain crop yields as the era
of cheap oil (and fertilizers)
comes to an end by reinvesting in
soil fertility;

 adapt upland farming to reduce
soil loss to “background” levels
(not a big problem for floodplain
agriculture).
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