The concept of soil loss
tolerance—T value—rests
upon assumptions that some
soil scientists feel must be
challenged

s

Soil loss tolerance:
Fact or myth?

By Leonard C. Johnson

HE concept of tolerable soil loss, as
T now applied in soil conservation pro-
grams, does not serve the long-term
interest of mankind in assuring the indefi-
nite productive capability of cropland.
Why? Because soil loss tolerances—T val-
ues—presently assigned to cropland soils are
based on faulty premises concerning rates
of topsoil development and mineral weath-
ering processes.
The concept of soil loss tolerance rests up-
on two assumptions: first, that soil scientists
can assess reliably and ob] ectively the max-

imum rates of soil erosion that can be tol-
erated and, second, that policymakers can

objectively weigh that assessment against
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countewalllng interests or needs, however

these may be defmed Both assumptions
should be challenged.

Short-term political considerations may
demand that public policy allow soil re-
sources to degrade, gradually but unceasing-
ly, to a state of agricultural uselessness. But
continued support of such a policy must
clearly acknowledge the extent and quality
of known information about soil develop-
ment rates under agricultural conditions.
Soil loss tolerance values are too important | -
to continue to be based on what amounts '

to quasi-scientific folklore.

The T-value concept

The intense nationwide soil conservation
movement, initiated in the United States in
the 1930s, included a strong quest for prac-
tical knowledge about why and how soil
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“economic feasibility of treating the so

erodes and about practices and techniques
for preventing or controlling soil erosion.
Many governmental agencies and other in-
stitutions implemented a massive effort to
seek knowledge from various sources. Their
goal was to develop a sound foundation in
science and technology for the vital work of
soil conservation.

Through numerous, comprehensive re-
search and development studies, it increas-
ingly became possible to describe soil ero- *
sion and its control more or less accurately )
and quantitatively. Professional soil conser-
vationists realized that a quantrtatrve stan-
dard was needed to evaluate the effective-
ness of erosion control measures. This stan-
dard is commonly known as the tolerable
soil Toss rate” or “T value” usua]ly expressed
in tons per acre per year or equivalent di-
mensxons

dent of soil erosion and erosion control to
express the need for such a quantitative ero-
sion control standard and to give intellec-
tual substance to the concept of permissi-

dierit 6f soil fertility”” Focusing his concern
on soil Te iintenance as the critical
s _tolerance, Smith
tacitly recogmzed that allowable sorl Toss -
Tates could“;ary dependmg upon_the
vith
fertilizer to replace mlneral ‘nutrients lost
through erosion.

However, he also expressed a concern for
the threat posed by mass wastage, stating,
“Four tons soil loss per year may be too great
for maintenance of soil fertility... when ero-
sion has progressed to the point that plow-
ing is diluting the surface soil with thin lay-
ers of subsoil.”

O. E. Hayes and N. Clark also concluded |
that a practical limit should be placed on
soil erosion rates (12). They suggested that
farmers would regard an annual soil loss rate
of 3 tons per acre per year on Fayette silt
loam as reasonable. Citing geologists’ esti-
mates, they stated that to produce a foot of
residual soil material from limestone would
require the decay of at least 100 feet of rock
and thousands of years. The researchers con-
cluded that even at the rate of 3 tons per acre
per year, soil losses would greatly exceed the
production of soil material by natural
weathering processes.

In further developing the concept of al-
lowable soil loss, Smith and D. M. Whitt
said, “The ultlmate ob]ectlve of sorl conser-
vation is to mamtam 5011 fertility and henc
crop productron 1ndef1mtely Any sorl loss A
t}xat permlts a dechne in fertrhty must be

determmant t of so
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avoided” (31). They believed soil organic
‘matter ontent was the critical determinant
or indicator of soil fertility, and assigned
maximum permissible soil loss rates to se-
lected Missouri soils using graphic plots of
yearly changes in organic matter content
against annual soil loss rates.

Permissible soil loss featured prominent-
ly in the dehberatlons of a 1956 conference

ty faculty members (35) At this conference

a committee tecommended that © ..in no

case should a perm1551b1e soil loss of more

than 5 tons per acre pér year be aIfowed

This recommendation Was based in part on
a $2 average value of nitrogen and phos-
phorus nutrients in a ton of soil and the sub-
jective belief that “plant nutrient losses of

, more than $10 00 per a acre per 'year. may ‘be

also recognized that soil | loss tolerance values
should be based on considerations more fun-
damental than the cost of fertilizer materials
and the shifting profitability of crop produc-
tion. Therefore, they set forth the following
items “of prime 1mp0rtance m con51der1ng
EQMe soll loss rates:”

“7% Maintenance of soil depth adequate
'for crop production.

» Value of mineral nutrients lost.

» Maintenance of the capacity and ef-
fectrveness of water control structures and
\control of floodplain sedimentation.

. » Prevention of gully development.
. » Crop yvield reduction, per inch of top-

’ 1 soil loss.

> Water losses as surface runoff.
".. » Seedling losses.

The proceedings of a later SCS workshop
(2) reformed these seven items into three
general criteria or broad objectives for estab-
lishing T values:
" "3 Soil loss should be reduced to a level
| that will maintain an adequate soil depth
favorable for crop and timber production

(\ over a long period of time.

| » Soil losses should be lower than those

| causing severe gullying in fields or serious
siltation in waterways, terrace channels,
drainage ditches, and road ditches.

» Plant nutrient losses should not be
‘excessive.

Others have defined the T value at least
partially in economic terms; that is, with
reference to the monetary costs of amelio-
rating productivity declines associated with
soil erosion. The initial attempt in 1956 to
broadly define permissible soil loss (35) took
into aecount the costs of replacing the
mineral nutrients lost through soil erosion.
Smith and Walter Wischmeier wrote, “Both
physrcal and economic factors are con-
31dered in estabhshmg 5011 loss tolerance

values. The concept is to limit soil loss to lev-
elsthat v wrll allow economlcal ‘maintenance
of soil productlwty” (32) his view was also
exprecsed in Agriculture Handbook :

“The term %oil loss tolerance
maximum level of soil erosion

¥ mit a high level of crop productwrty to be

sustained economically and 1ndefm1tely
(39).

The agricultural productivity of soil is a
function of relationships between the soil
itself, in all of its manifold physical, chem-
ical, and biological aspects, and the life pro-
soils occurs prmcrpally through two general
mechamsms loss of soil material through
erosxon and qua.htatlve degradatron of eda-
Wastage of organic 1 matter and alteratron of
desrrable physical features. Some soils never
possessed, or have lost through misuse or
mismanagement, the capacity to sustain “a
high level of crop productivity,” however
that property may be defined. The costs of
goods and services may influence substan-
tially decisions on whether and how to con-
trol erosion or counter its adverse effects on
crop production. Conditioning soil loss tol-
erance on present-day costs of mineral fer-
tilizers, for example, implies little apprecia-
tion for the importance of guarding the vital
edaphic qualities of healthy topsoil against
mass wastage or tillage-induced organic
matter oxidation. It does not allow for our
lack of knowledge about future costs of fer-
tilizers and other remedial measures.

In practice, the soil loss tolerance concept
appears to be focused on preserving
tural productlwty of sorls i
excessive reduction in topsoil depth has be-
come the predominant operational criterion
of erosion control practice effectiveness,
with consideration of total soil profile depth
where this seems to be, potentially at least,
a secondary productivity-limiting soil fac-
tor. A 1977 SCS technical advisory (37) cited
soil profile depth as the nearly exclusive
determinant for selectmg T values. Toler-

Preventlng)

*

ance values were ad]usted downward by one %

ton per acre per year for sorls already severe-
1y eroded, reflectmg consideration of topsoﬂ
depth as a  secondary determinant.
“Additional refinements of the soil loss tol-
erance concept took place in the 1950s, and
tolerance values were assigned to various

soils. Donald McCormick and his colleagues,

in reviewing that work, concluded that “cur-
rent T values were based largely on con-
siderations of the rate of formation of A hor-
izons, with adjustments based on the thick-
ness or other aspects of the quality of the
entire soil depth accessible to plant roots”
(22).
Thus,

T values have evolved largelyr



through short-term economic considerations.
of declmmg agricultural productlvrty due
to excessive sod erosion, Key elements i in at-
tempts to relate soﬂ losses‘

Soil formation rates

In recent years concerns about rates of soil
formation have re-emerged, especially in re-
lation to prevalent soil erosion rates under

intensive agricultural use. Writers have cited 3

various supposed sources of information on
rates of soil formation, with a proliferating
array of secondary and tertiary sources be-
ing cited as though they were primary
sources.

It appears that many published references
on soil formation rates can be traced to two
sources: A speculative guess by geologist T'.
C. Chamberlin and certain speculative de-
ductions by Hugh Hammond Bennett.
These two scientists, separated by a genera-
tion in time but both addressing deep and
widespread concerns about the threat of
rampant soil erosion, attempted to cast some
light on the vitally important question of soil
formation rates.

Chamberlin, then head of the Universi-
ty of Chicago Department of Geology, ex-
pressed his concerns at the 1908 White

Soil Conservation Service

House Conference on Conservation of Nat-
ural Resources. He said, “We have as yet
no accurate measure of the rate of soil pro-
duction. We merely know that it is very
slow.... Without any pretension to a close
estlmate I should be unwilling to name a
mean rate of sorl ormatlon greater than one
foot in 10,000 years on the ‘basis of obser-
vatxon since the glamal penod I suspect that
if we could positively determine the time

taken in the formation of the 4 feet of soil

next to the rock over our verage domain,

a good working depth surface _wastage
should fiot exceed some such rate as 1 inch

in"d thousand years” (6).

““Bennett discussed the results of a series of
short-term studies (about five years) of ero-
sion rates from small field plots on various
soil types at several locations throughout the
United States. He observed that under well-
established, mature forest or grass cover the
land surface appeared to be effectlvely pro-
tected from erosional forces and probably
had been stabilized fora very long time (3).
Based on these emplrlcal studies and obser-
vations, Bennett speculatively concluded,

“At such a slow rate of planation [0.002 ton.

per acre year in the case of Cecil sandy clay
loam under forest cover] 5011 probably re-

builds from beneath fast enough to balance
surface removal” (3). He further stated

“These losses are so small [0 002 ton per acre
per year under forest cov 012 under
grass] “that soil probably builds. from
beneath as rapldly as it is removed fro ‘
surface.” T

“Inan introductory chapter of his exten-
sive treatise on soil conservation, Bennett (3)
presented a general overview of his beliefs
about rates of soil formation:

“Soil is reproduced from its parent ma-
terial so slowly that we may as well accept
as a fact that, once the surface layer is
washed off, the land so affected is, from the
practical standpoint, generally in a condi-
tion of permanent impoverishment. As
nearly as can be ascertained, it takes nature,
under the most favorable conditions, in- !
cluding a good cover of trees, grass, or other |
protective vegetation, anywhere from 300

to 1,000 years or more to build a single inch | A

of topsoil. When 7 inches of topsoil is |
allowed to wash away, therefore, at least
2,000 to 7,000 years of nature’s work goes
to waste. The time involved may be much
longer; the building of the second inch may
require many more years than the building -
of the first inch at the surface, and so on
downward.”

Hugh Bennett (right) and Kendall Weisiger,
Southern Bell Telephone and Telegraph
Co., observe erosion on an abandoned
South Carolina farm in the early 1940s.
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Bennett repeated this statement with only
minor variations in both the 1947 and 1955
editions of a less technical, more popular-
styled book (4). This represents the extent
of Bennett’s allusions to rates of topsoil
formation, and he cited no research results
or other primary sources of data to substan-
tiate his conclusion.

Today, after several decades marked by
continuing, severe cropland erosion, the vi-
tal question of how rapidly soils may form
from various parent materials is being raised
again in various quarters. Unfortunately, the
torch of scientific knowledge still sheds on-

ly a dim and flickering light on this question.

David Pimentel and associates, citing
} Norman Hudson (13) as their source, wrote,
¢ “Under ideal soil management conditions,
| soil may be formed at a rate of 1 inch (2.54
cm) in about 30 years” (26). Citing Bennett
. {3), A. F. Gustafson (9), and Oliver Owen
(25) (misrepresented as O. Olivers), Pimentel
- and his colleagues further stated, “.. and
: under natural conditions at a rate of 1 inch
; in 300 to 1,000 years” (26).
Later, Dave Schertz, citing Pimentel and
associates, stated, “Several scientists have
suggested that under natural conditions soil

forms at a rate of 1 inch in 300 to 1,000
{ years” (27). S. A. Schumm and M. D.

Harvey (28) also cited Pimentel and associ-
ates as authorities who “.. consider that un-

der ideal soil management conditions 25
' mm of soil can form in 30 years (0.8 mm

. yr'')” and “under normal agricultural prac-
, tice, 25 mm of soil can form in 100 years
i(0.25 mm yr).”

Examination of these citations reveals that
Hudson (13) apparently cited Bennett (3) as
the basis for his statement: “The rate of for-
mation cannot be precisely measured, but
the best estimate of soil scientists is that
under undisturbed conditions it will take on
the order of 300 years to produce 25 mm of
top soil,....” In a second edition of his book,
Hudson repeated the statement and also
made the puzzling assertion that topsoil for-
mation can be hastened ten-fold by tillage-
induced aeration and leaching (14). In this
later edition, moreover, Hudson completed
the circle by citing Pimentel and associates
instead of Bennett as the source of under-
girding data. But, as noted above, Pimentel
and colleagues cited Bennett, Gustafson,
and Owen, in addition to Hudson.

Pursuing this trail a bit further shows that
Gustafson, in his brief treatment of this im-
portant question (9), simply quoted and sub-
scribed to Chamberlin’s conclusion that “the
formation of soil is an extremely slow pro-
cess...” The contribution of Owen (25) to
the body of knowledge about the rate of soil
formation is a nonspecific citation of cer-
tain authorities [presumably Bennett (3),
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Jenny (15), and Kellogg (17), listed in a bib-
liography at the end of his third chapter,
“Nature of Soils”].

Contrary to the interpretations of some

wrlters“Bennett did not adduce from his

observations an affirmative fmdmg of rates
of tops 'ﬂk/development Rather, he suggested

weathermg as rapldly as surface soil was be-
ing removed by erosion under a very stable
condttwn of long—standmngcomplete vege-

tative protection. Bennett’s opinions in this
matter do not provide any basis for the five-

ton-per-acré-per-year maximum soil 10ss tol-
erance now firmly fixed in erosion control
programs and pohcws Somehow, his ten-
tative assessments of probable rates of de-
velopment of soil materials from parent ma-
terial have become transmuted into positive
suggestions, if not assertions, that topsoil is
being or can be formed at certain rates on
cultivated cropland.

Soil development processes

To speak of topsoil formation without fur-
ther rational analysis is to imply that a pro-
cess of net gain occurs. Actually, topsoil de-
velops through transformation of subsoil in-
to topsoil, a process characterized by a net
loss of mineral matter through dissolution
and leaching and, under minimal physical
disruption (no tillage), by either a net gain
or no discernible change in organic matter
content. The overall result of this process,
however, is a net loss of mass from the soil
profile.

Charles Kellogg (16), in a seminal work
on soil development, portrayed this phenom-
enon as resulting from both “destruction-
al” and “constructional” processes. He de-
scribed the unconsolidated mineral ma-
terial, produced from rock by “destruc-
tional” and “essentially sterile” chemical and
physical weathering processes, as the parent
material from which soils form. Kellogg
considered the introduction of organic
material as the progenitor of the construc-
tional phases of soil development; essential-
ly the process of topsoil formation and the
additional chemical and physical processes
and reactions are associated with the
“biological constructional forces in soil
development” (16). However, considering
the quantities of mineral materials retain-
ed in situ, both topsoil and subsoil forma-
tion can be viewed as destructive because
of the additional dissolution of soil minerals
through biochemical reactions occurring in
topsoil and the subsequent loss of those
minerals through leaching.

Noting that “numerous reviews have been
made of reports on the rate of rock weather-

ing,” Donald McCormack and associates
(22) found that “data on the rate of develop-
ment of a favorable root zone from weather-
ing of parent material are not yet conclu-
sive” They considered a renewal rate of one-
half ton per acre per year to be “a useful av-
erage for unconsolidated materials.... For
most consolidated (rock) materials, rates are
much lower” (22). (Actually, this is a resid-
ual soil material accumulation rate, rather
than a renewal rate.) In their analysis of cri-
teria for determining soil loss tolerance val-
ues, McCormz;ck and his’ colléagues rioted
that “the rate of soil formatlon 51mply will
not ¢ompensate” for soil e erosion at the rate
of currently accepted T values. They con-
cluded, “Political _expediency and short-
srghted environmental or economic de—
niands canriot be allowed to determme tol-
erable levels of soil erosion” (22).
Scientists generally consider the accumu-
lation of organic matter at the surface the
initial step in topsoil development on min-
eral soil profiles. G. F. Hall and associates
(10) reviewed the results of several studies
on organic matter accumulation in soil ma-
terials under both forest and grass vegeta-
tion: “All these studies suggest that organic
matter can accumulate very rapidly under
either forest or grass vegetation. Accumula-
tions that can qualify as an A or Al horizon
take place in a matter of 10s of years, and
a steady state between gains and losses can
be reached in a few hundred years” (10).
Such a suggestion about unquantified
rates of organic matter accumulation under
undisturbed vegetative cover can hardly pro-
vide a basis for Schertz’s conclusion that
“..formation of the A horizon exceeds 1 inch
in 30 years” (27). Nor can it be a basis for
any conclusions about rates of topsoil devel-
opment under annual or rotational cropping
systems.
Terry Logan (20) emphasized two points
relative to rates of topsoil renewal: rates of
N ——ttm.
rock weathering are not necessarily similar
to rates of topsoil refiéwal, arid’ whatever the
rates of soil renewal are, they are probably
Iower than present T values. Observing that
“most estimates of soil renewal are 0.5 met-
ric ton/ha/year (<0.2 ton/acre/year)” Logan
concluded, “We are in essence mining the
soil in order to produce food and fiber in
the same way that we Mn—ﬁrle our coz i e-
sourees”™ (20). T
“Using land for intensive, annual grain
crop production results in a gradual and per-
sistent decline in soil organic matter content.
Given the relationship of oxygen supply and
temperature to microbial activity and the
decomposition of organic materials and the
relationship of tillage to soil aeration and
soil warming, such a result is virtually in-
evitable (I, 5, 8, 33, 34).




The conditions imposed on soils by inten-
sive agricultural practices today do not per-
mit conversion of subsoil into new topsoil
through organic enrichment. There can be
no progressive downward migration of the
subsoil/topsoil zone of transition unless a
continuing and persistent annual net gain
in soil organic matter content occurs. Such
downward translocation of the subsoil/top-
soil boundary that may occur in cultivated
soils is a consequence of a progressive lower-
ing of the plow layer or tilled zone into the
subsoil due to erosional losses and tillage.
It is not due to marginal gains in organic
matter content. This phenomenon also is
marked, of course, by retrogressive dilution
of the organic content of the tilled zone
through continuing admixture of subsoil
mineral matter, which usually further de-
grades the edaphic qualities of the vital soil
zone of seed germination and seedling
establishment.

Basing T values on contemporary farm-
ing profitability standards or present day
costs of fertilizers cannot insure or even ad-
dress the long-term maintenance require-
ments of fully productive cropland soils.
Moreover, to contend that presently

.assigned T values approximate natural rates

of soil development is to do a grave disser-
vice to both soil science and the ultimate
goal of soil conservation.

T values versus reality

In 1909 the chief of the U.S. Bureau of
Soils “offered the following euphorlc assess-
‘ment of the condition and future of the na-
tion’s sonl resources: “'I:he soil is the one in-

not be exhausted that c can not be used gp
(36). Tt is unlikely ‘that any soil scientist or
conservationist today would subscribe to
such a sanguine view of soil indestructibili-
ty. Yet the concept of tolerable soil erosion
rates, as presently defined and applied, is
equally unrealistic as a basis for long-term
protection and mamtenance of soil
TESOUTCes.

~Tii'1948 Kellogg (18) asserted, “Through
proper cropping systems and soil manage-
ment practices, erosion of soil under use
should be kept somewhere near the normal
rate.” He defined the normal rate of soil ero-
sion as the rate that would occur without
land surface disturbance by agricultural
practices.

A similar view, expressed in a report pre-
pared by the Wisconsin Chapter of the Soil
Conservation Society of America, stated in
part: “Until now, practical and political
considerations by the policymakers and pro-
gram adminstrators have allowed for the ac-

Soil conservation efforts must be directed
at protection of the entire plant rooting
zone in the soil profile, not just the
surface soil layer.

ceptance of ‘tolerable’ average soil erosion
rates of up to 5 tons per acre per year..

the soilis forming under complete _Vngm;,a]
condltlons Soxl erosion control goals based
on ’I: y_g}ues therefore should be conmdered
e;?hprovismnal or short-range S/I.E_h stan-
dards grant license to...‘waste’ the soil
resource t0'a ‘depth of 5 or - 6 inches per cen-
fury. Accordingly, the long-range goal
should be to reduce cropland erosion to a
rate no greater than that which would oc-
cur through the action of nature alone.”

Discussing the dilemma posed by the con-
flict between desires for short-term gain and
the necessity of maintaining soil productiv-
ity indefinitely into the future and having
“no conclusive evidence that a decline in
production caused by soil erosion is recover-
able under continued cultivation,” McCor-
mack and William Larson (21) concluded:
“Ultimately, we must squarely face the fact
that soil productivity is directly tied to the
overall thickness of the rooting zone, which
forms much more slowly than the A horizon
in cultivated soils. Long-term soil conserva-
tion objectives must be consistent with this
fact. There is no alternative.”

J. R. Williams and associates (38), as-

'Wisconsin Chapter, SCSA. “Soil Conservation
Policies for the 1980s; A report of the Ad Hoc Commit-
tee on Land Resources.” July 1985.

serted, “There is essentially no research base
to support T values; they were established
and are revised on the basis of collective
judgements by soil scientists.” Nevertheless,
G. F. Hall and colleagues (11) concluded,
“An upper limit (to allowable soil loss] of 11
mt/ha [about 5 tons per acre per year) is
generally accepted since it approximates the
maximum rate of A horizon development
under optimum conditions” (emphasis add-
ed). It must be noted, however, that op-
timum conditions for organic matter ac-
cumulation and, hence, for topsoil develop-
ment do not even come close to occurring
on cultivated cropland as a general rule.

Larson (I9) proposed a two-level ap-
proach to setting T values: a T, value reflect-
ing on-site soil productivity maintenance
objectives and a T, value reflecting broader
social purposes and off-site concerns, such
as water pollution or reservoir sedimenta-
tion. The T values would be set by scien-
tific experts in soils and agriculture; T; val-
ues would be set by economists, environ-
mental scientists and planners, and public
policymakers. Although Larson did not in-
dicate how he thought T, and T; might be
related quantitatively, Peter Nowak and as-
sociates (24) suggested that T, temporarily
might be set higher than T; where the eco-
nomic, social, or political costs of reducing
current erosion rates to a crop productivity
maintenance level were deemed excessive.
But deciding whether or not costs are exces-
sive is in every instance an exercise in priority
setting. Such a temporary relief could easi-
ly become permanent, and the T./T, ap-
proach could become a victim of persistent
reluctance to acknowledge that agronomic
CIOpS are grown on productive soils, not on
the social, political, or economic constraints
of the moment.

New commitment needed

The introduction to a report on a recent
symposium imagined a trip to a farm in the
year 2030. Among other marvelous achieve-
ments B. C. English and colleagues posited,
“Tillage practices and crop-growing pat-
terns reduce erosion to a level where natural
processes of soil formation replace amounts
lost to water and wind erosion” (7). Some
may argue that this futuristic scenario rep-
resents an impossible dream; that the need
for maximum grain production and mone-
tary profit in the near term is so compelling
that reducing soil erosion to anywhere near
the “normal” rate cannot be contemplated
seriously, much less achieved in the foresee-
able future. But such a rationalization can-
not be offered or accepted forever.

Reducmg cropland and rangeland soil

Verosmn i Tates virtually to zero or to the nor-
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mal rate must become a firm goal of agri-
Eﬁl—tﬁ?km and conservationists. The produc-
tive and environmentally sound agriculture

that mankind and a great many other of

earth’s creatures require is not otherwise sus-
tainable. What is needed to effect this essen-
tial goal? First, land management policies
st severly restrict production of annsal
crops on highly erodible lands. Second, ag-

ricultural crop production systems must be
developed and used that refain comp
ground cover at all times ting
all seed placement and other cultural opera-
tions with absolutely minimal distarbance
of either surface vegetative cover or soil.
he first requirement is beginning to be
addressed through the conservation reserve
program and similar initiatives undertaken
by state governments, for example, the Re-
invest in Minnesota reserve program. An ap-
proach to addressing the second of these
urgent needs was suggested by William
Moldenhauer and Charles Onstad, “As the
need for reduced erosion becomes more crit-
ical, methods of control...should become
more innovative” (23). Systems that present-
ly seem infeasible, they noted, “may be de-
veloped as the pressure to control erosion in-
creases. If mechanical controls in conjuction
with residue management are too costly or
not feasible on certain soils, then perhaps
the only alternative is permanent meadow
or pasture.”

L.L. Sloneker and Moldenhauer (29)
sharpened the focus on this approach in ob-
serving that “the conventional plow-disk-
harrow system became preeminently suc-
cessful because of the combined efforts of
research and educational disciplines and in-
dustries working with farmers over many
decades.” They called for a similar, all-out
effort to promote surface residue-retaining
systems of crop culture,

McCormack and Larson (21) wrote, “Per-
haps we can afford to take as long as 25
years” to acquire the knowledge needed
about “rates of formation of favorable root
zone in various...parent materials, about
methods of tillage that will hold soil erosion
to very low levels, and about restoring the
productivity of severely eroded soils.” Un-
relenting emphasis must be focused, first
and foremost, on the second of these three
categories. Undoubtedly, some eroded soil
profiles can be restored to a productive state
if sufficient depth of suitable soil material
remains. The profitability of such restora-
tions depends upon the costs of correcting
or overcoming the deficiencies in productive
capacity resulting from excessive erosion.
These costs will not remain constant over
time, nor can their trends be predicted ac-
curately. Costs that may seem economical-
ly justifiable today are likely to be unaccept-
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able in a century when cropland soil depths
will be diminished by an additional four to
six inches or more.

A new order of commitment is needed.
The goal of achieving soil erosion control

compatible with a sustainable agriculture

will require efforts driven by a zeal at least

equal to that which motivated the a

crop production programs of the past.
is short for realizing the year 2030 scenario
described earlier. The 25-year horizon pos-
ited by McCormack and Larson is even
nearer. It can be done, but policies, pro-
grams, and technologies cannot achieve the
needed soil protection level if the perfor-
mance standard is rooted in erroneous be-
liefs and institutionalized deceptions con-
cerning the process of soil development. Ac-
quiescence in unceasing soil resource deg-
radation is not an acceptable public policy
choice.
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