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Soll erosion is a major environmental threat to the sustainability and productive capacity
of agriculture. During the last 40 years, nearty one-third of the world's arable land has been
lost by erosion and continues to be lost at a rate of more than 10 million hectares per year.
With the addition of a quarter of a milkon people each day, the world population’s food
demand is increasing at a time when per capita food productivity is beginning to decline.

Sl erosion is a major environmental and
agricultural problem worldwide. Although
erosion has occurred throughoot the history
of agriculture, it has intensified in recent
years (1). Each year, 75 billion metric tons
of soil are removed from the land by wind
and water erosion, with most coming from
agricultural tand (2). The loss of soil de-
grades arable land and eventually renders it
‘unproductive. Worldwide, about 12 X 10°
ha of arable land are destroyed and aban-
doned annually because of nonsustainable
farming practices (1), and only about 1.5 X
10° ha of land are being culcivared (3, 4).
-Per capita shortages of arable land exist in
Africa, Asie, and Europe because of lost
‘eroded land and the expansion of the world
population to nearly 6 billion {1, 5).
i Ta ately feed people a diverse diet,
sbout 0.5 ha of arable land per capita is
deeded (6), vet only 0.27 ha per capita is
available. In 40 years, only 0.14 ha per
capita will be available both because of loss
of land and rapid population growth (5). In
many regions, limited land is a major cause
of food and undernutrition (4, 7).
Over 1 billion humans (about 20% of the
Population) now are malnourished because
of food and inadequate distribu-
tion {8, 9). With the world population
easing at a quarter of a million per day
mcontinued land degradation by erosion,

and malnutrition have the

Potential to intensify {10, 11).

The use of large amounts of fertilizers,
Pesticides, and irrigation help offset delete-
tous effects of erosion but have the poten-
tal to create pollution and health problems,

natural habitats, and coneribute 1o
bigh energy consumption and unsustainable
Mgricultural systems. Ercsion also is 2 major
Sause of deforestarion: As agricultural land
% degraded and abandoned, more forests are
x and converted for needed agricultural
Production (12).

%ln this article, we (i) examine the ways
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in which erosion reduces soil fertility and
crop productivity, (ii) assess the environ-
menral and economic costs of soil erosion,
and (iii) compare various agricultural tech-
niques and practices that reduce erosion
and help conserve water and soil resources.

Erosion on Croplands
and Pastures

Worldwide erosion rates. Of the world's agri-
cultural land, about one-third is devoted to
crops and the remaining two-thirds is de-
voted to pastures for livestock grazing (4,
13). About 80% of the world’s agricultural
land suffers moderate to severe erosion, and
10% suffers slight to moderate erosion (9).
Croplands are the most susceptible to ero-
sion because their soil is repeacedly rilled
and left without a protective cover of veg-
etation. However, soil erosion rates may
exceed 100 tons ha™' year? in severely
overgrazed pastures {14). More than half of
the wotld's pascurelands are overgrazed and
subject 1o erosive degradation (15).
Africa, and South America, averaging 30 to
40 tons ha™! year™', and lowest in the United
States and Eutope, averaging about 17 tons
ha™! year™? (16). The relatively low rates in
the United States and Europe, however,
g:vadynceeddwavm?crateofmilfonm-
tion of about 1 ton ha™' year! {the rate of
conversion of parent material into soil in the
A, E, and B horizons) (17). Erosion rates in
undisturbed forests range from only 0.004 o
0.05 1on ha™' year™ (18, 19).

Erosion rates in the United States. In the
last 200 years of U.S. farming, an estimated
10 ha {~30%) of farmland has been aban-
doned because of erosion, salinization, and
waterlogging (13, I8, 20). Wind erosion
appears 0 be worsening, while water ¢ro-
sion appears to be declining (13, 21, 22).

Croplands in the United Scates lose soil
ut an average rate of 17 tons ha™ year!
from combined water and wind erosion, and
pastures lose 6 tons ha™! year™ (13). About
90% of U.S. cropland is losing soil above
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the sustainable iate (23, 24). About 54% of
U.S. pastureland (including federal lands) is
overgrazed and subject to high rates of ero-
sion (25, 26). S

The extent of U.S. soil erosion is well
documented. One-half of the fertile topsoil
of lowa has been lost during the last 150
years of farming (27, 28), and loss of ropsoil
continues at a rate of about 30 tons ha™!
year! (13). Similarly, about 40% of the
rich Palouse soils of the northwest United
States has been lost in the past century.

During the past 50 years, the average
farm size has more than doubled from 90 to
190 ha (29, 30). To create larger farms and
fields, farmers have removed the grass strips,
shelterbelts, and that once pro-
tected soil from evosion (23, 24, 31). Crop -
specialization has also led to the use of
heavier machines chat damage the entire
soil ecosystem (32, 33).

Erosion Processas

Erosion results from energy transmitted

from rainfall and wind. Raindrops hit ex-

posed soil with an explosive effect, launch-

ing soil particles into the air. In most aseas,

raindrop splash and sheet erosion are the

dominant forms of erosion (34, 35). Erosion

is intensified on sloping land, where more
than half of the soil contained in the

splashes is carried downhill.

Airborne soil particulates can be trans-
ported thousands of miles. For instance,
soil particles from eroded African lands
are blown as far as Brazil and Florida (36),
and Chinese soil has been detected in
Hawaii (37).

Factors Influencing Erosion

Erosion increases dramatically on steep
cropland. Yet, steep slopes are now routine-
ly being converted from forests for agricul-
tural use because of the increasing needs of
the human population and land degrada-

“tion (I}, Once under conventional cultiva-

tion, these steep slopes suffer high erosion
rates: In Nigeria, cassava fields on stecp
(~12%) slopes lost 221 tons ha™' year!,
compared with an annual s0il loss of 3 tons
ha! year! on flat {(<1%) land (38). The
Philippines, where over 58% of the land has
slopes greater than 11%, and Jamaica,
where 52% of the fand has slopes greater
than 20%, exhibit soil losses as high as 400
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tons ha™ year! (1).

Living and dead plant biomass left on
fields reduce soil erosion and water runoff
by intercepting and dissipating raindrop
and wind energy. In Missouri, for example,
barren land lost soil at a rave 123 times that
of land that was coveted with sod {which
lost <0.1 ton ha™! year™'} (39). Similarly in
Oklahoma, areas without rye grass or wheat
cover lost 2.5 to 4.8 times as much water as
land with cover {40).

Loss of vegetative cover is particularly
widespread in many third-world countries.
About 60% of crop residues in China and
90% in Bangladesh are removed and bumned
for fuel each year (41). In arcas where fuel is
scarce, even the roots of grasses and shrubs
are collected {42).

Both the texture and the structure of soil
influence its suscepibility to erosion. Soils
with medium to fine texture, low organic
matter content, and weak structurai devei-
opment have low infiltration rates and ex-
perience increased water runoff (35).

Erosion and Productivity

Becase of erosion-associated loss of produc-
tivity and population growth, the per capita
food supply has been reduced over the

10 years ard continues to fall (43). The Food
and Agriculture Organization reports that
the per capita production of grains, which
make up 80% of the world food supply, has
been declining since 1984 (44).

Crop yields on severely eroded soil are
lower than those on protected soils because
erosion reduces soil fertility and water avail-
ability. Com yields on some severely eroded
soils have been reduced by 12 o 21% in
Kennuxcky, 0 to 24% in Illinois and Indiana,
15 10 65% in the southem Piedmont (Geor-
gia}, and 21% in Michigan (45-47}). In
several areas of the Philippines, erosion, has
caused declines in com productivity as se-
vere as B0% over the last 15 years (48).

Erosion by water and wind adversely af-
fects soil quality and productivity by reduc-
ing infiltration rates, water-holding capaci-
1y, nutrients, organic matrer, soil biota, and
soil depth (33, 49, 50). Each of these fac-
tors influences soil productivity individually
but also interacts with the other factors,
making assessment of the impacts of soil
erosion on productivity difficult.

_All ¢crops require enormous quantities
of water for their growth and the produc-
tion of fruit (51-53). For example, during
a single growing season, a hectare of com
(yield, 7000 kg ha™) transpires about 4 X
10° livers of water (54), and an additional
2 X 10° titers ha™! concurrently evaporate
from the soil (55, 56).

When erosion occurs, the amount of
water runoﬁ mcmses. so that less water
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able for the crop (Table 1). Moderately
eroded soils absorb from 10 to 300 mm less
water per hectare per year than uneroded
soils, ot between 7 to 4% of total rainfall
(57-60). This degree of water loss reduces
crop productivity; even a runoff rate of 20
10 30% of total rainfall can result in signif-
icant water shortages for crops (61). In the
tropics, Lal {31) reported that erosion may
reduce infiltration by up 1o 93%.

In addition to creating water deficien-
cies, soil erosion causes shortages of basic
plant nutrients, such as nitrogen, phospho-
rus, potassium, and calcium, which are es-
sential for crop production. A ton of fertile
agriculrural topsoil typically contains 1 to 6
kg of nitrogen, 1 to 3 kg of phosphorus, and
Z to 30 kg of potassiurm, whereas a severely
eroded soil may have nitrogen levels of only
0.1 t 0.5 kg per ton (50, 62). Wind and
water ercsion selectively remove the fine
organic particles, leaving behind large par-
ticles and stones. Eroded soil typically con-
tains about three times more nutrients than
the soil left behind (63-65).

When nutrient reserves are deplered by
erosion, plane is stunted and crop
yields decline (Table 2). Soils that suffer
severe erosion may produce 15 to 30% lower
com yields than uneroded soils (46, 52), and

- with fertilization, the yield reductions range

from 13 ro 19% (45-47). Under the current
average sofl erosion rates (17 tons ha™!
year™!), the loss of nitrogen, phosphorus,
and potassium can be expecred to cause a
long-term drop in crop yields. If soil erosion
is 1 ton ha™ year™! or less, if crop residues
are left on the land, and if mutrients are
added to offset any of the nutrients removed
with the crop, then soil quality and produc-
tivity will remain high and sustainable.
Organic matter, a necessary component
of soil, facilitates the formation of soil ag-

gregates, increases soil porasity, and (
improves soil structure, water infill
and ultimately overall productivit
67). In addition, organic matter in
water infiltration, facilicates catic
change, enhances root growth, and
lates the proliferation of importa
biota (34). About 95% of the nitrog
25 to 50% of the phosphorus is conta
organic matter (34).

Fertile topsoils typically contain
100 tons of organic matter {or 4% ¢
soil weight) per hecoare (68, 69). B
most of the organic matter is near ¢
surface in the form of decaying leav
stems, erosion of topsoil results in :
decrease in levels of soil organic 1
Several studies have demonstrated tt
soil removed by either wind or wat
sion is 1.3 to 5 times richer in ¢
matter than the soil left behind (34
The loss of 17 tons of soil per hect
rainfall removes neardy 2 tons of o
matter (69).

Once the organic matter layer is ¢
ed, soil productivity and crop yiekds d
because of the degraded soil strucru
depletion of nutrients. For exampl
reduction of soil organic marrer from

- 1.7% lowered the yield potential for o

25% in Michigan (71).
Although soil biota are often igno
assessments of the impact of erosion

-are a critical component of the soi

constitute a large porrion of the soi
mass. One square meter of soil may s
populations of abour 200,000 ardh
and enchytraeids and billions of mil
{72, 73} A hecme of good cpaltl

pmtmoa. 150 kg

Table 1. Water runoff rates compared for conservation versus conventional plantings of com.

Water runof Consarved Increased
Tretment (cm depth) water (cm) fons he
Comn stover muich vs. 0.08 1.24 0.
no stover residua (170) 1.30
Rye cover muich va. 39 135 3.4
resicue burned (117) 174
Manure medch vs, 9.0 4.1 1.1
no manure (112) 13.1
Com-oats-hay-hay vs. 0.58 250 0.6
conventional continuous (173} 3.08
No-till in sod vs, ’ a7 70 18
conventional (1 14) 107
Level tarracad v8, 0.94 7.2 .18
contour planted (7115) 8.14
Densa planting vs. 249 0.07 0.2
bere 50l {116) 332
Reckucad il vs, A 15 ' 04
conventional (117) 36
fncreasad vieki based o I re%ls of Troeh o &, (503
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recycle the basic nutrients by
plants (74, 75). Also, the wnneling and
burrowing activities of earthworms and oth-
er soil biota enhance productivity by in-
creasing water infiltration rates.

The erosion typical of conventional ag-
riculrure may decrease the diversity and
abundance of soil organisms (76, 77},
whereas practices that maineain the soil
organic matter content at optimum levels
favoe the proliferation of soil biota {78).
Thus, the simple practice of straw-mulching
may increase biota threefold (79), and the
application of organic matter or manure
may increase earthworm and microorgan-
ism biomass as much as fivefold (80).

Soils form slowly: It takes between 200

and 1000 years 1o form 2.5 cm (1 inch) of
topsoil under cropland conditions, and even
longer under pasture and forest conditions
{24, 33, 61, 81). In the United Stares,
where 2.5 cm of soil are lost every 16.5
years, 50il has been lost at about 17 times
~ the rate ar which it has formed (17). Esti-

mates are that the average U.S. topsoil
depth was about 23 ¢m in 1776. Today,
after about 200 years of farming, the average
depth has declined to about two-thirds of
the original soil depth (~15 cm) (82).

Model of Erosion Effects
on Crop Productivity -

To assess how and to what extent erasion
decreases crop productivity, it is necessary
to consider the multiple factors chat influ-
ence erosion rates, as well as the soil com-

ponents that affect productivity. We have
developed empirical models that incorpo-
rate the numerous factors affecting both
erosion rares and soil productivity: The
slope of the land, soil composition, and
extent'of vegetative cover influence the
rate of erosion, and the soil depth, pres-
ence of soil biota, organic marter, water-
holding capacity, and nutrient levels in-
fluence the soil's productive capacity.
These factors form a complex and inter-
dependent system. Changes in one facror
subsequently affect all or many others.
The models demonstrate how soil erosion
causes the loss of soil nutrients, depth,
biota, organic matrer, and water resources
and how these losses translate into re-
duced crop productivity. The models are
based on the following set of assumptions:
~700 mm of rainfall, soil depth of 15 cm,
slope of 5%, loamy soil, 4% organic mat-
ter, and soil erosion rate of 17 tons ha™
year™'. The models provide a perspective
on the interdependence of the various fac-
tors associated with the ecological effects
of erosion.

On the basis of empirical evidence, it
appears that when soil erosion by water and
wind occurs at a rate of 17 tons ha™! year™,
an average of 75 mm of water, 2 tons of
organic matter, and 15 kg of available ni-
trogen are lost from each hectare each year
{Table 3). In addition, soil depth is reduced
by 1.4 mm, the water-holding capacity is
decreased by les than 0.1 mm, and soil
biota populations are diminished. When
combined, these losses cranslate into an 8%

Table 2. Estimated annual economic and energetic costs (per hactare) of soll and water loss from
conventional com assuming a waler and wing erosion rate of 17 tons ha™ ' year— over the long term (20

years),

Annwal Cost of Energetic Yield loss after 20

Factors quantities replacement  costs years of erogion
lost {dolars) (107 keal) (%}

Water runaff 75 mm* 30t 700% 7
Natrogen 50 kgt 5004

2kgs 100§ 3 ) |
Potassium 410 ig§ 2604
Soll dext 1.4 mm* 16+ - ™
Organic matter 2 tors* - - 41t
Water holding capacity 0.1 mm* - - 213
Sodl biota - - - 14§
Total on-sita 146 1480 208
Total off-site 5099 100
Grand total 196+ 1560
"Table3.  The cost of replacing this much waler by ground-waler imigation based an 1992 dolars (7 15). The value

5 roduced by 40% because i is assumed thet water enosion accounts for 80% of U.S. erosion (7 79). However, if raintal

wore ainundan, then this replacement cost would not be necessary.  $Energy
§Tolal rudrionts loss, based onthe resudts of Trosh ot @ (50).  IEnengy nequired o replace
JBasad on the totaf 1oss of 340 tons ha~* of sol over 20 years and the mineralizstion and

3aepth of 30'm {120).
the fertilizers lagt (127).

raquirsd to purnp ground waler from

dvalability ol the nutrients in this soll.  »Estimated.  ~Based on reduced productivity of about 6% per Ioss of 2.5

N 8 4% decine in procuctivity.

+Organic matter content of the 50l was assumed o decine rom 4 to 3% over this period. resulting
$1Aler the logs of 17 tong ha~" yasr—" of o, the water holding capacity was

aSsumed 1o deciing 1.8 mm and productivily decined 2%; with severa ercaion over fima, plant-available water may

Jacine 50 10 75% (17, 123).
Organic matter recycling.

$#Reductions in 50i biota wera assumed 1o reduce infitration of water and reduce
i Parcentages do not add up because the impacts of the various faciors ane interdepen-

Jent and 30Mme Overlep exists (for example, Drgank: matter is inerralated with waker rescurces, nutrients, soil biote, and
50d depthy. Trig loss would occur If Iost nutrients and water weve not replaced.  T9Table 4.
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reduction in crop productivity over the
short term (1 year). The loss of water and

"nwtrients account for nearly 90% of the loss

in producrivity (Table 3). This model as-
sumes that the nutrients and warer are not

Evaluated over the long term (20 years),
empirical evidence again confirms that wa-
ter and nutrient loss continue to have the
greatest effect on crop productivity, ac-
counting for 50 o 75% of the reduced
productivity (65) (Table 2). A reduction in
soil depth of 2.8 cm results in a reduction in
productivity of about 7%. Soil depth is par-
ticularly critical because it takes hundreds
of years to replace a single centimeter of lost
topsoil. The other factom, including soil
biota, water-holding capacity, and soil
depth, become significant in the long term.
Again, this model assumes that the lost
nutrients and water are not replaced; if they
were replaced, then the 20% loss estimare
would be reduced by one-fourth to one-
third (45-47). On a yearly basis, the effects
of soil ercsion often can be remporarily
offset by the extensive use of fertilizers,
irrigation, plant breeding, and other inputs,
However, the long-term cumulative loss of

Table 3. Initiai effects of factors conlributing to
raduced com yield by means of soil ension of 17
tons ha=" year—" (10 tons ha~" year—" by water
and 7 tons ha~" year—' by wind),

Factors Quantities Yield Loss

Lost (%)

Water runoff 75 mm* 7
Nitrogent 15kg

Phosphorust 06kg 249
Potassiumt 123 kg

Soil depth 1.4 mmi 033
Organic 2 tons] 0.2

matter .
Watar holding 0.1 mmg 0.1%
- capacity
Soil biota - 0.1
" Total g

"Based on & water enosion rate of about 10 tons ha~?
yoar—" on 5% sioping land under convertional tilage,
waler loss would be nearly 100 mm (57-60. 124). A
conservative loss of 75 mim was assumed, and based on
{125-127). +Total retrients lost are based on the re-
sults of Troeh st &, (500 but recuced as a resull of the
nuirients that would not be immediately avallable bDe-
cause of & shortage of time for mineralization
(17,  iBased on a bulk density of 1.25 g cm™' and
reduced yield of 6% par 25 cmof 50 (722).  §Wader
hoiding capacity of the 80i was calculated 10 be reduced
by 0.1 mm on the basis of theloss of 17 ons ha~ ' year—'
{171 [Based on a 4% organic matier contant of the
soil and an ennichmant facior of 3; the yiald l0ss is minimal
Initialty but is sigréicant in the jong term. Theloss of N, P,
and K nutrients was estimated 10 reduce yiald by 2.4%
[128). sReductions in soll biola were assumed to re-
duce infiitration of water and reduca Organic Mettar racy-
ging but have 8 Minimal impact on yeld for & single
vewr.  “This estimated loss occurs afier the loss of 17
tons ha~ 1 year~1. do not add up because
theimpacts of the vanious factors are intsrdepencent and
overiap exists (for axample, organk: matter is imerrolatect
with waiar resources, nutrients, 3o biota, and ol cepth).
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soil organic matter, biota, soil depth, and
water-holding capacity in some cases can-
not be replaced by those interventions.

Erosion Costs

Energy costs. About 6% of the total amount
of energy spent in the United States is used
in agriculture. Assuming an avenge erosion
trate of 17 tons ha! year! for combined
wind and water erosion, we estimate that
the on-site and offsite impacts of soil ero-
sion and associated rapid warer runoff re-
quire an additional expenditure of 1.6 X
10F kcal of fossil energy per hectare per year
(Table 2). This suggests chat about 10% of
all the energy used in U.S. agriculture today
is spent just 10 offset the losses of nutrients,
water, and crop productivity caused by ero-
sion. Although developed countries ace cur-
rently using fossil energy-based fertilizers,
pesticides, and irrigation to mask the dam-
age of soil erosion and to maintain high
crop productivity, heavy dependence on
fossil fuels is a risk because fossil energy
supplies are finite. Developing nations that
use intensive agricultural technologies also
rely intensively on the use of fossil energy-
based fertilizers, pesticides, and irrigation o
provide high yields (43).

On.site costs. The use of inappropriate
agricultural pracrices and subsequent soil
and water loss are responsible for significant
economic and environmental on-site costs,
The major on-site costs of erosion by both
water and wind are those expended to re-
place the lost nutrients and warer (Tables 1

_and 2). When erosion by water and wind
occurs at a rate of 17 tons ha™! year™!, about
75 mm of water and 462 kg of nutrients are
lost per hectare (Table 2). In the United
States, if warer had to be nPIaced. it would
cost about $30 ha™! to replace by
pumping ground warer for irrigation and
would require the expenditure of about 70
liters of diesel fuel per hectare (assuming
that water were available). An additional
$100 ha! would be required for fertilizers to
replace the lost nutrients (Table 2). If the
on-site and off-site costs are summed, ero-
sion costs the United States a total of about
$196 ha™ (Table 2). In other parts of the
world, where irrigation is not possible or
fertilizers are roo costly, the price of erosion
is paid in reduced food production.

In the United States, an estimated 4 X
10” tons of scil and 130 X 107 tons of water
are lost from the 160 X 10f ha of cropland
each year. This translates into an on-sire
economic loss of more than $27 billion
each year, of which $20 billion is for re-
placement of nutrients (50) and $7 billion
for lost water and soil depth (Table 2). The
most significant component of this cost is
the loss of soil nutrients.

The costs of erosion are also high in-
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other regions of the world. In Java, for
example, on-farm losses of productivity re-
lated to erosion are sstimated to cost the
economy $315 million per year {83). The
6.6 X% 10? tons of Indian soil {14} lost each
year contains 5.4 X 10° tons of fertilizer
worth $245 million (84). Furthermore, up
to half of the amount of fertilizers applied
each year in areas of India characterized by
heavy rainfall during the southwest mon-
soon is lost as a result of ammonia volatil-
ization and leaching (85). In Costa Rica,
yeasly erosion from farm and pasture land
removes nutrients worth 17% of the crop
value and 14% of the value of livestock
products (86).

In addition to substantial economic loss-
es of nutrients and water, erosion causes
significant ecological damage. The removal
of wil may affect plant compesition and
deplete soil biodiversity. Some studies of
the effects of erosion focus only on changes
in soil depth. In such studies, the impor-
tance of biodiversity, organic macter, and
the other complex of interdependent vani-
ables is overlooked. As a result, Lat (87)
reports that such studies significantly un-
derestimate the impact of soil erosion. Stud-
ies on reduced soil depth report crop yield
reductions of only 0.13 to 0.39% per centi-
meter of soil fost (88, 89).

Off-site costs. Ercsion not only damages
the immediate agriculoural area where it
occurs but also negatively affects the sur-
rounding environment. Off-site problems
include roadway, sewer, and basement sil-
tation, drainage disruption, undermining of
foundations and pavements, gullying of
roads, earth dam faflures, eutrophication of
waterways, siltation of harbors and chan-
nels, loss of reservoir storage, loss of wildlife
habitat and disruption of stream ecology,
flooding, damage to public health, plus in-
creased water treatment costs (90).

The mose serious of off-site damages are
caused by soil particles entering the warer
systemns (91). Of the billions of tons of soil
lost from UL.S. cropland each year, abouc
60% is deposited in streams and rivers (13).
These sediments harm aquatic plants and
other organisms by contaminating the wa-
ter with soil particles along with fertilizer
and pesticide chemicals, which adversely
alter habitat quality (92).

Sileation is a major problem in reservoirs
because it reduces water storage and elec-
tricity production and shortens the [ifetime
and increases the maintenance costs of
dams. About 880 X 10° tons of agricultural
soils are deposited into American reservoirs
and aquatic systems each year, reducing
their flood-control benefits, clogging water-
ways, and increasing operating costs of wa-
ter treatment facilities (4). To maintain
navigable waterways, the United States an-
nually spends over $520 million to dredge
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soil sediments from waterways (93),

Heavy sedimentation frequently leads to
river and lake flooding (2). For example,
some of the flooding that occurred in the
midwestern United States during the sum-
mer of 1993 was caused by increased sedi-
ment deposition in the Mississippi, Missou-
ri, and other rivers located in the cenoral
United States. The combined damage of
the 1993 flood to crops and homes was
assessed by the government to be $20 bil-
Imwﬁgﬂ' produces significant off

ind erosion signiticant off.
site damage and costs. It is estimated that
household property damage from the sand-
blasting of automobiles, buildings, and
landscapes by blown soil particles and
maintenance costs total over $4 billion per
year in the United States {95-97). In addi-
tion, the removal of accumulated soil from
public and private buildings, roads, and rail-
ways similarly results in costs of over $4
billion per year (95, 96).

An example of the magnitude of wind
erosion is found in New Mexico, where
about two-thirds of the land is used for agri-

Table 4. Demages by wind and water erosion and

the cost of erosion pravention each yesr.
Cost
Type of damage (milions of
dolars)
Wind erosion®
BExterior paint 18.5
Landscaping 2,894.0
Automaobiles 1346
Interior, laundry 968.0
Health 5.371.0¢
Recreation 2232
Road maintenance 1.2
Cost o business 3.5
Cost to imigation and : 0.1
conservation districts
Total wind erosion costs 9,6832.5
Waler erosiont
in-stream damage
Biclogical impacts No estimate
Recreational 2,440.0
Water-storage facilities 8418
Navigation 683.2
Other in-stream uses 1,088.0
Subtotat in-gtream 5,063.0
Off-straam effects
Flood damages 939.4
Water-corveyance faciities 2440
Water-treatment facilitios 1220
Other off-stream uses 976.0
Subtotal off-stream 23180
_-Total water erosion costs 7.381.0
Total costs of wingd and water 17,013.54
erosion damage
Cost of erosion prevention] 8,400
Total costs {on and off-site)d 44,390.0
Benefit/cost ratio 524

*M5-97, 12G).  tHealth estimaies are partly based o1
Lave ang Sesldn (130). 1093, 98,97, 129. Ve
ricuifure accounts for about two-thirds of the oif-sib
affects.  jSes text.  TThe (ol on-site costs ar
calcutated to ba $27 billion (see Table 3 and teod),




culture, including grazing. The total off-site
erosion costs in this state, including health
and property damage, are estimated 1o be
$465 million annually (95). If we assume
similar erosion costs in the western United
States, the total off-site costs from wind ero-
sion alone could be as great as $9.6 billion
each year in the United States (Table 4).
Combined on-size and off-site effects. The
cost of all off-site environmental impacts of
US. soil erosion, most of which is from
agriculure, is estimated to be about $17
billion per year (1992 doltars) (Table 4). An
addirional yearly loss of $27 billion is attrib-
uted to reduced soil productivity. If off-site
and on-site costs are combined, the toral
coet of erosion from agriculture in the Unit-
ed States is about $44 billion per year (Table
4), or about $100 per hectare of cropland
duction costs by about 25% each year.
Of the 75 X 10° tons of soil eroded
. worldwide each year {2), about two-thinds
_ come from agricultural land. If we assume a
* cost of $3 per ton of soil for nutrients (50),
$2 per ton for water loss (Tabie 2}, and $3
per ton for off-site impacts {Table 4), this
massive soil loss costs the world about $400
billion per year, or more than $70 per per-
80N peT Year.

Erosion Control Technologies

Reliable and proven soil conservation tech-
nologies include ridge-planting, no-till cul-
tivation, crop roeations, strip cropping, grass
strips, mulches, living mulches, agrofor-
atry, terracing, contour planting, cover

* Table 5. Annua! soll loss (fons per hectare) by
: crop and technology in the United States.

bs:
. Tachnology State ftons
ha~Y)
. Conventional, continuous (131) MO 47
Conventiona), plow-disk (132) N 47
Corwentional, plow-disk (132} OH 27
Conwentional, continuous {133) PA 20
Gomervanm mtbn%.‘;)sj P't ;
Cum_ contour
Conservation, no-till {134) MS 03
Corverttional (135) MS 36
Conservation, rotation (735) MS D
Congervation, no-til (67) GA 002
Conventional (136) MS 91
Consarvation, no-tif {136) MS 13
Whaat
Convertional (137) WA 22
Coneervaion mmmugss} MS 1.7
vegelation
Undisturbed grass (18) KS 007
&mm(m NH 002

crops, and windbreaks (98). Although the

specific processes vary, all conservation
methods reduce erosion rates by maincain-
ing a protective vegetative cover over the
soil, which is often accompanied by a re-
duction in the frequency of plowing.
Ridge-planting, for example, reduces the
need for frequent tillage and also leaves
vegetative cover on the soil surface year
round, and crop rotations ensure chat
some part of the land is continually cov-
ered with vegetation.” Each conservation
method may be used separately or in com-
bination with other erosion-conerol tech-
nigues. To determine the most advanta-
geous combination of appropriate conser-
vation rechnologies, the soil type, specific
crop or pasture, slope, and climate (rain-
fall and wind intensity), as well as the
socioeconomics of the people living in a
parcicular site must be considered. -

The implementation of appropriate soil
and water conservation practices has the
potential to reduce erosion rates from 2
1000-fold and water loss from 1.3 to 21.7-
fold (Tables 1 and 5). Conservation rech-
nologies also significantly reduce nutrient
loss. For example, when com residue cover
was increased by 10, 30, and 50%, the
amount of nitrogen lost in surface runoff
rra; reduced by 68, 90, and 99%, respective-
y (99).

By substantially decreasing soil and nu-
trient loss, conservation technologies pre-
serve the soil's fertility and enable the land
to sustain higher crop yields. In many in-
stances, the use of conservation technolo-
gies may actually increase yields ([00).
Contour planting, for example, has in-
creased cotton yields by 25% (Texas), comn
yields by 12.5% (Missouri), soybeans by
13% (lllinois), and wheat by 17% ([linois)
{101-103). On U.S. land with a 7% slope,
yields from cotton grown in rotation in-
creased by 30%, and erosion was reduced by
nearly one-half (104). In areas where winds
are strong, the establishment of wee and
shrub shelrerbelts helps reduce wind energy
by as much as 87% and thereby decreases
erosion by as much as 50% (50).

Conclusion

We estimate that it would take an invest-
ment of $6.4 billion per year ($40 per hect-
are for conservation) to reduce U.S. erosion
rates from about 17 tons ha™! year! o a
sustainable rate of about 1 ron ha™' year
on most cropland. To reduce erosion on
pastureland, the United States would have
to spend an additional $2.0 billion per year
(85 per hectare for conservarion) (30, 105
107) (Table 4). The rotal investment for
U.S. erosion control would be about $8.4
billion per year. Given that erosion causes
about $44 billion in damages each year, it
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would seem that a $8.4 billion investment is
a small price to pay: For every §1 imvested,
$5.24 would be saved (Table 4). This smalt
investment would reduce U.S. agriculrural
soil loss by about 4 X 10° rons and help
protect our current and future food supply.
Currently, the United States spends §1.7
billion per year in the Conservation Re.
serve Program to remove highly erodible
land from ion, and this saves about
584 X 10° tons of soil each year {I08).
Therefore, in this system $2.91 is invested
to save | ton of soil, whereas in our pro--
conservation system, we assume a

cost of $2.10 per ton of soil saved.

When economic costs of soil loss and
degradation and off-site effects are conser-
vatively estimared into the cost/benefic
analyses of agriculture, it makes sound eco-
nomic sense to invest in programs that are
effective in the conerol of widespread ero-
sion. Human survival and prosperity depend
on' adequate supplies of food, land, water,
energy, and biodiversity. Infertile, poor-
quality land will not sustain food produc.
tion at the levels required by the growing
world population. We should heed Presi-
denr Roosevelts (109} waming thar “A
nation thar destroys its soils, destroys itself.”
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