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ACCURATE estimates of future soil
productivity are essential to make
agricultural policy decisions and to

plan the use of land from the field scale to
the national level. Soil productivity is the
capacity of a soil, in its normal environ
ment, to produce a particular plant or se
quence of plants under a specified manage
ment system (96). Because of the emphasis
on a soil’s capacity to produce crops, pro
ductivity should be expressed in terms of
yields.

Soil erosion depletes soil productivity,
but the relationship between erosion and
productivity is not well defined (63, 67, 80,
83, 99, 100). Until the relationship is ade
quately developed, selecting management
strategies to maximize long-term crop pro
duction will be impossible. Poor decisions
can easily result in serious damage to soil
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resources; productivity may approach zero
in many severely eroded areas of the
United States (10, 11, 12, 15, 43, 52, 53,
60, 89, 117). Poor decisions can also result
in under use of soil resources and loss of in
come to the producer and food and fiber
supply to the consumer.

Although limited research has been de
voted to the soil erosion-soil productivity
problem specifically, considerable effort
has gone into most of the important pro
cesses involved. However, the necessary
components (hydrology, erosion-sedimen
tation, nutrient cycling, crop growth, till-
age, animal uptake, etc.) have not been
linked in a model appropriate for studying
the erçsion-productivity problem.

The RCA imperative

In response to Public Law 95-192, the
Soil and Water Resources Conservation
Act of 1977 (RCA), the secreEary of agri
culture was requested to make an appraisal
of soil, water, and related resources and
their conservation and to make informed,
long-range policy decisions regarding the
use and protection of these resources. With
development of plans to implement RCA,
it became obvious that there existed no re
liable method for estimating the cost of
erosion or the benefits from erosion re
search and control.

In an effort to overcome this deficiency,
two U.S. Department of Agriculture
(USDA) scientists, Hagen and Dyke (48),

developed an empirical crop yield-soil loss
relationship for use in the RCA appraisal
process. The crop yield-soil loss regression
equations provided information for a lin
ear programmisig model used ~o determine
the best national management policies.
The effort by Hagen and Dyke was partic
ularly significant because it was the first
attempt to develop a nationally applicable
crop yield-soil loss relationship. In many
areas of the country, however, their results
differed widely from independent experi
mental observations not used in developing
the equations (1,2,5,8,10,16,17,19,24,
27, 28, 32, 33, 34, 35, 36, 37, 38, 44, 45,
54, 57, 60, 61, 62, 67, 70, 76, 81, 87, 101,
104, 112).

USDA held a workshop in February
1980 to discuss ways of improving the crop
yield-soil loss relationship. Economics md
Statistics Service (ESS) scientists, who de
veloped the empirical relationship, de
scribed their approach to representatives of
the Soil Conservation Service (SCS) and
the Science and Education Administra
tion—Agricultural Research (SEA-AR)
The workshop provided an excellent audi
ence to dritique the ESS crop yield-soil loss
prediction method. Also, research results,
current research on the problem, and fu
ture research approaches were discussed.

It became apparent during these discus
sions that the erosion-productivity problem
deserved special attention. Thus, in an ef
fort to develop a suitable soil erosion-pro
ductivity relationship, the National Soil
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rosion-Soil Productivity Research Planning
Committee was appointed. This commit
tee was given three objectives:

1. To determine what is known about
the problem by (a) defining it, (b) identify
ing research accomplishments, and (c)
identifying current research efforts.

2. To determine what additional knowl
edge is needed.

3. To develop a research approach for
solving the problem.

The erosion-productivity problem

One of the most dangerous characteris
tics of the erosion-productivity problem is
its difficulty of detection (63). Erosion re
duces productivity so slowly that the re
duction may not be recognized until land is
no longer economically suitable for grow
ing crops. Furthermore, improved technol
ogy often masks the reduction in produc
tivity (60). Some eroded soils, for example,
respond well to heavy fertilizer applica
tions (60, 63).

The difficulty of detecting productivity
losses is compounded by the nonlinear na
ture of the erosion process. Erosion gener
ally increases future runoff because of re
duced infiltration. Increased runoff re
duces available soil water, thus plant
growth. Of course, less plant growth
means less residue. Less vegetation and res
idue provide less cover, which increases
erosion. Because water erosion strongly re
lates to runoff (113), increased runoff also

leads to increased erosion. The process thus
advances exponentially, and reversing it
may quickly become economically impos
sible if it is not detected and controlled
properly:

Because of the nonlinear advance of ero
sion, subsoils are being exposed at an accel
erated rate in many places. Prior to inten
sive cropping, native grasses and trees pro
tected most topsoil. Once cultivation be
gan, erosion exposed some subsoils within a
few years. Since that exposure, the erosion
process has accelerated rapidly.

Another cause of accelerated exposure is
that exposed subsoils may increase erosion
on adjacent areas of a field. When a clay or
sodium-saturated subsoil is exposed, infil
tration declines, runoff increases, and ero
sion accelerates on adjacent, down-slope
soils. Also, ridges or knolls of exposed cal
cium carbonate provide readily movable
soil material for wind erosion on adjacent
soils. In both cases the lack of sufficient
crop residue compounds the prohlem.

Still another characteristic of the ero
sion-productivity problem is the difficulty
of restoring the productivity of severely
eroded soils. Restoration is generally diffi
cult and costly because subsoil conditions
often inhibit crop growth (8, 33, 34, 35,
36, 54, 64, 82, 86, 105). These conditions
include poor aeration, low organic matter,
lack of exchangeable or soluble nutrients
and calcium carbonate, high soluble alum
inum, gravel, and high density (strength).
Although productivity can be partly re

stored by adding organic material and fer
tilizer, such additions may not be economi
cal- For example, eroded rangeland is par
ticularly difficult to restore because fertili
zation usually is not economical in low-
rainfall areas (86).

Ways erosion reduces productivity

Erosion reduces productivity first and
foremost through loss of plant-available
soil water capacity. Lower soil water ca
pacity subjects crops to more frequent and
severe water stress. Plant-available soil
water may be reduced by changing the wa
ter-holding characteristics of the root zone
or by reducing the depth of the root zone.
Erosion reduces root-zone depth if subsoils
are toxic to roots or have high strength or
poor aeration that retards root growth.
The water-holding characteristics of the
root zone are almost always changed when
topsoil is removed because topsoil usually
has a higher plant-available water capac
ity than subsoil.

Erosion also reduces productivity by
contributing to plant-nutrient losses. Erod
ed soil particles carry attached nutrients
from fields into streams and lakes. Because
subsoils generally contain fewer plant nu
trients than topsoils, additional fertilizer is
needed to maintain crop production. Al
though fertilizer can partially compensate
for low crop yields on exposed subsoils,
production costs are increased (5, 8, 13.
17, 19, 30, 32, 33, 34, 36, 39, 46, 51, 54,
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56, 65, 74, 76, 78, 81, 82, 94, 106, 116)~ cultivated for years because severe erosion and crop production. Therefore, research
The problem is further compounded if the
subsoil contains more clay than the top
soil—a common occurrence. Clay tends to
transform applied phosphorus quickly into
forms not readily available to plants.

A third way erosion reduces productiv
it~ is by degrading soil structure. Degrada
tion of soil structure increases soil erodibil
ity, surface sealing, and crusting and leads
to poorer seedbeds. Surface sealing and
crusting reduce seedling emergence and in
filtration. Reduced infiltration provides
less opportunity for soil water storage.

Erosion also reduces productivity
through nonuniform removal of soil within
a fi~ld. Erosion does not occur uniformly
across a field mainly because of the runoff
flow network and nonuniform topog
raphy. Selecting a management strategy to
maximize production is nearly impossible
in fields with various degrees of erosion
because fields are usually farmed as units.
When fields are farmed as units, fertilizer
is normally applied uniformly over the
field. If erosion is nonuniform, the applica
tion rate is more appropriate for some
areas than others (optimal production is
impossible for all areas).

The effect on herbicide use is similar.
Because herbicides interact with soils, their
performance varies with soil organic mat
ter content, pH, and cation exchange ca
pacity. In a nonuniformly eroded field one
rate of herbicide application may kill
weeds and damage the crop in one part of
the field but not effectively control weeds
in another part of the field.

Nonuniform erosion also affects the tim
ing of farming operations. Proper timing,
especially in planting, has an important
impact on productivity. Frequently, ero
sion-exposed clay subsoils are too wet when
the rest of the field is suitable for farming
operations. The farmer must either avoid
these clay areas or wait until they are dry
enough to permit tillage. Nonuniform ero
sion also affects tillage effectiveness and
causes inconsistent seedbeds that produce
poor stands and variable emergence (37,
38).

Energy requirements are also greater for
nonuniformly eroded fields. Tilling a sub
soil usually requires more power than till
ing a topsoil. Additional energy is also
needed for filling and smoothing gullies. If
~lies are neglected, row lengths are
shortened, reducing farming efficiency.

Although there are probably many other
ways that erosion reduces productivity,
these four are the most important. Evi
dence of productivity loss caused by ero
sion exists throughout the United States.
Many once-productive fields have not been

made cropping unprofitable. Proof of ex
tensive erosion losses since cultivation be
gan is exhibited by rapid increases in flood
plain elevations from sedimentation (88).

Some research accomplishments

Research to determine the effects of soil
erosion on crop production is limited.
There are two important reasons why.

First, such experiments axe costly and
time-consuming. Years of data are needed
to evaluate the effects of the generally slow
process. Also, results can be difficult to in
terpret. Other variables may mask erosion-
productivity relationships.

Second, because crop production has
been adequate in the past, there has been
little incentive for investment in this type
of research. A few recent field experiments
demonstrate that erosion can drastically
reduce crop yields (8, 10, 16, 43, 45, 60,
62, 67, 68, 70, 71, 85, 91, 92, 95, 106).
However, climatic characteristics vary
widely throughout the United States and
have important effects on both soil erosion

conducted on one physiographic land re
source area represents a relatively small
fraction of the country’s land area.

Available research is also limited tem
porally as well as spatially. Most field
studies last only a few years. Such studies,
unfortunately, provide information in
fluenced by climatic variability that usual
ly is not representative of long-term cli
matic variability. However, it would be
difficult to develop a meaningful erosion-
productivity relationship even using long-
term data for a physiographic region be
cause of the masking effects of other inputs
(more productive crop varieties, increased
fertilizer and pesticide application rates,
improved management skills, and im
proved materials and equipment).

Effects of water erosion

Research began in the early 1930s at ero
sion experiment stations to investigate the
effects of erosion on crop production, run
off, and soil loss. This research was autho
rized by the 1928 Buchanan Amendment
to the Agricultural Appropriaton Bill. The
erosion experiment stations were located
on the most erosive land in the nation (14,
26, 31, 50, 55, 58, 75, 84, 93).

Control plots were established and some
plots were desurfaced (topsoil removed) for
comparison with plots under normal con
ditions. Although little or no fertilizer was
applied during most of the experiments, re
sults of the studies provided an indication
of erosion’s effects on productivity.

In the Rolling Red Plains near Cuthrie,
Oklahoma, experiments with continuous
cotton revealed that the li-year average
runoff from desurfaced plots with a 7.7
percent slope was about twice that from
control plots with the same slope (31). Ero
sion on the artificially desurfaced plots av
eraged about 50 percent more than on the
control plots for the 11-year period, and
cotton production declined 40 percent over
the period. Results from naturally eroding
plots showed the same general trend as the
artificially desurfaced areas.

Continuous-corn yield on a desurfaced
plot in the Missouri Valley bess region
(Clarinda, Iowa) averaged 20 percent of
that on a check plot during a 4-year period
(75). Runoff and eroson were considerably
greater on the desurfaced plot during the
same period.

During a 9-year period at Zanesville,
Ohio, 15 centimeters (6 inches) of Mus
kingum loam eroded from a plot in contin
uous corn on a 12 percent slope (14). Mus
kingum loam has a channery loam subsoil
with bedrock at about 90 centimeters (30

USDA photo by Wilson

RiB dimensions measured with this “dli
meter” will enable these agricultural
scientists to calculate the soil lost as a
result of erosion on this Palouse cropland
in eastern Washington. More than a fourth
of the nation’s 413 million cropland acres
is eroding at a rate that lowers soil pro
ductivity.
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inches). Soil organic matter content fell
from 2 to 0.5 percent. Although corn yields
varied from year to year—maximum yield
was 3,765 kilograms per hectare (60 bush
els per acre) and minimum yield was 100
kilogram per hectare (2 bushels per acre),
the trend declined uniformly from about
2,500 kilograms per hectare (40 bushels per
acre) to 100 kilograms per hectare. An
average of 1.9 centimeters (0.75 inch) of
soil was lost each year.

At Bethany, Missouri, the 10-year aver
age corn yield on a desurfaced plot of Shel
by silt loam was 47 percent of that on a
control plot (93). Shelby silt loam has a
clay loam subsoil. Runoff and erosion were
unexplainably greater on the control plot
than on the desurfaced plot.

In North Carolina seed cotton yields on
desurfaced plots of Cecil sandy clay loam
with a 10 percent slope averaged 47 per
cent of the yield of that on control plots
(26). Runoff and soil loss were about the
same on the control and desurfaced plots.

Cotton yield on a desurfaced plot of
sandy clay soil in East Texas averaged 32
percent of that on a control plot over a
10-year period (84). Runoff was about 50
percent greater and soil loss was two to
three times greater on the desurfaced plot
for the same period. Soil loss on the 8.75
percent slope averaged 3 to 8 millimeters
(.1-.3 inch) per year for 10 years with aver
age annual rainfall oF 103.3 centimeters.

Field trials in Minnesota and Wisconsin
showed that grain yields on sevcrely erod
ed soils in Minnesota were about two-
thirds of the yields on slightly eroded soils
(50). In Wisconsin yields on severely erod
ed land were about 75 percent of those on
slightly eroded land.

At Temple, Texas, crop production in a
cotton-corn-oats rotation on a desurfaced
plot of Austin clay with a 4 percent slope
averaged about one-third of that on plots
with normal soil profiles (55). Austin clay
has a clay surface and subsoil. Runoff on
the desurfaced plots was 2.5 times that on
the normal soil plot, and soil loss was 1.5
times greater on the desurfaced plot For an
11-year period.

Winter wheat-fallow rotations ‘Mere
tested on Palouse soils with a 30 percent
slope (58). Wheat yield on desurfaced plots
was 40 percent of that on check plots. Run
off was 2.5 times greater on the desurfaced
plots, and soil loss was 9 times greater dur
ing the 10-year period.

In New Mexico cover density on range-
land was found to be a function of erosion
(25). Under normal erosion, a 35 percent
cover density was comprised of 28 percent
grass, 2 percent forbs, and 5 percent shrubs
(3 percent slope). For advanced erosion,

“beginning of rapid destruction” [1.9 cen
timeters(0.75 inch) of soil loss), cover den
sity was 25 percent (20 percent grass, 3
percent forbs, and 2 percent shrubs). With
excessive erosion [7.6 centimeters (3.0
inches) of soil loss) on slopes of 3 to 35 per
cent, a 13 percent cover density was ob
served (3 percent grass, 2 percent forbs,
and 8 percent shrubs).

Bayer (9) and Bennett (12) discussed the
potential yield reductions caused by soil
erosion on the basis oF research prior to
1950. Nationally, productivity of eroded
soils related closely to the environment and
nature of the soil profile. Most early water
erosion research, however, was conducted
at low crop production levels (1. 4, 6, 7,
14, 24, 26, 29, 31, 42, 46, 50, 51, 55, 58.
64, 66, 74, 75, 76, 77, 90, 92, 93, 97, 105,
109). Although soil erosion is always costly
to producers, it is difficult to extrapolate
low-level production technologies to the
current high levels of production (63).

The most important benefit of the early
erosion research was the development and
application of soil conservation practices.
With proper management, the conserva
tion systems effectively controlled erosion
and thus maintained soil productivity.

Maintaining soil productivity today is
probably the most difficult on fragile
rangeland in arid regions because soil tilth
and organic matter are difficult to restore
without adequate water. These conditions
are nearly irreversible (70). Other poten
tially irreversible conditions, mainly

caused by gully erosion, exist on soils de
rived from bess in the Palouse area of the
Pacific Northwest (2, 57, 58, 60), the Mis
sissippi Valley of western Tennessee and
Mississippi, and bluff sites of western Iowa
and surrounding areas (10, 16, 63, 89,
100).

In the humid eastern United States grain
yields decline 30 to 40 percent and forage
yields 20 to 30 percent when the A horizon
{s eroded away (1, 8, 16, 43, 62, 63, 64).
Limited research suggests that yields can
be restored if abundant water and mulch
supplies are accompanied by intensive fer
tilization (8, 42, 61, 63, 78).

Phosphorus apparently is the most defi
cient plant nutrient in eroded soils (63).
Numerous soil fertility investigations on
land with the topsoil removed by land
forming revealed similar phosphorus defi
ciencies (9, 17, 18, 19, 32, 33, 34, 35, 36,
37, 38, 39, 54, 82, 85, 104). These studies
are useful in planning research for restor
ing crop production on eroded lands. A
few studies reported that only intensive ni
trogen and phosphorus fertilization was
necessary to restore crop production (19,
37, 38, 78, 87). In the Southeast productiv
ity is more difficult to restore because of
chemical and physical conditions associat
ed with acid subsoils (9, 81, 104).

Research showing that land forming
may reduce crop yields suggests indirectly
that erosion will lower productivity, al
though the time scale of removal is differ
ent—instantaneous for mechanical soil re

No-till planting of corn in corn residue was among the many forms of conservation till’
age that were used last year on about 60 million cropland acres nationwide.
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moval and slow for erosion (18, 34, 49, 54,
87, 112). Also, results vary with soil profile
characteristics. In rare cases a subsoil may
be a highly productive medium because it
is composed of buried topsoil.

Effects of wind erosion

Although much as been written about
wind erosion, especially during and after
the drought of the 1930s (110), these writ
ings generally have dealt with the mcchan
ics of the erosion process, identification of
onsite and offsite damages due to erosion,
and the principles and practices for con
trol. Only gross quantitative estimates are
currently possible for assessing the effects
of wind erosion on soil productivity (67,
68). Less of topsoil, plant nutrients, and
organic matter as svell as changes in soil
texture caused by wind erosion are among
the factors that by implication lower pro
ductivity (21, 22, 29, 30).

After surveying wind erosion damage in
a 20-county area [6.6 million hectares
(16.3 million acres)] of southwestern Kan
sas, southeastern Colorado, and the Pan
handles of Oklahoma and Texas in 1935,
Joel (59) recommended that 1.7 million
hectares (4.2 million acres) be returned to
permanent native vegetation. That repre
sented 52 percent of the cultivated and idle
land (formerly cultivated) in the survey
area. Such a large reduction in cultivation
would seriously lower grain production in
the area.

Several siuda-s have related yields of cer
tain crops to oil thickness for a li;naed
range of soils. ~enerallv fine—textured soils.
I.vies (67, 68; and Pimentel and associates
(‘SS) have summarized this work. Rough es
timates of vit :~ reductions per millimeter
of topsoil los~ ~nighi be 10 kilogram per
hectare (.2 bu~hcl per acre) for corn and 8
kilograms per heetare (.1 bushel pe~ acre)
for ~vheat, soybeans, grain sorghuriL and
oats. However, the data are too sparse to
extend across soils, climate, and type of
erosion (wind or water). -

Mathematical modeling

Mathematical modeling, another re
search approach. has had limited, direct
application to the problem. Erosion mod
els have been developed for designing ero
sion control systems (40, 41, 69. 72. 73,
117, 118), predicting sediment yield for
reservoir design (79. 86, 113), predicting
sediment transport (114, 119), and simu
lating water quality (98, 103, 115). Also,
soil characteristics have been used to com
pute soil productivity ratings (3, 47, 102).
Previously, normal yields and production

practices were given for various soil types
in Mississippi (107, 108). However, erosion
models have not been linked with crop
growth models to form the necessary struc
ture to study the erosion-productivity
problem. The immediate need for a rela
tionship betweea erosion and productivity
(1980 RCA appraisal) led to the develop
ment of the ESS yield-soil loss regression
equations (48).

Current research efforts

Although the research resources directed
specifically to the soil erosion-soil produc
tivity problem are limited, considerable
work is underway on most of the impor
tant processes involved. SEA-AR research
relative to the problem includes the follow
ing: (a) tillage practices for improving soil
properties and crop growth; (b) manage
ment and use of precipitation and solar en
ergy for crop production; (c) use, manage
ment, and consen’ation of soil fertility for
increased production and nutritional qua!
ity of plants and animals; (d) pollution pre
vention and improvement of soil, .vater.
and air quality; (e) control of water ero
sion, wind erosion, and sedimentaton; and
(~ conservation and management of agri
cultural water resources.

In addition, two national modeling
teams are working on closely related prob
lems—crop growth and nonpoint-sourcc
pollution. The nonpoint-source pollution
team has developed a field-scale chemical
transport model called CREAMS (111)—
Chemicals, Runoff, and Erosion from A::
uicultural Management Systems. CREAMS
is operational, but testing and refinement
continue.

The crop-growth team is developing
plant cycle models with particular empila
sis on economically important crops, such
as cotton, wheat, corn, and soybeans.

Other models that have linked son~
the components necessary in simulating the
erosion-productivity process are being de
veloped at several SEA-AR locations. In St.
Paul, Minnesota, several important com
ponents are being linked to form a model
for use in agricultural production research.
This model is unique because it includes a
tillage component based on extensive till-
age research in the Midwest. In Oxford.
Mississippi, hydrologic and erosion-sedi
mentation models are being linked to a cot
ton growth model for use in studying 1w-
drologic and erosion-sedimentation pro
cesses. In Temple, Texas, hydrology, ero
sion-sedimentation, nutrient cycling, crop
growth, and economic models are being
linked to form management models that
will be used for research purposes also.

And finally, in Boise: Idaho, a team is be
ing formed to develop rangeland ecosystem
models.

Current field research to evaluate the ef
fects of soil erosion on productivity is limit
ed to a few locations in the United States.
At the University of Tennessee, soybean
yields are being studied on several soils
with different degrees of erosion. Prelimin
ary results indicate that severe erosion sig
nificantly reduces soybean yields on fragi
pan soils (Grenada) and soils over sandy
substrata (Lexington). Yield reductions
were less on Memphis soils than on eroded
Grenada soils. The yield reduction was
greatest during the year when moisture
“as deficient.

Studies are underway at the University
of Kentucky to determine the effects of ero
sion on corn yields, soil properties, and the
need for increased lime and fertilizer for
different cultural practices. Results indi
cate that average annual corn yields with
no-till farming are considerably higher on
uneroded land than on eroded land.

In Georgia, SEA-AR researchers are
studying the effect of conservation tillage
on erosion and the use of conservation till-
age on eroded Piedmont soils. Their goal is
to obtain economical crop yields with min
imal erosion.

Several studies are being conducted to
determine the effects of erosion on soil
characteristics that influence crop growth.
Work at the University of Idaho is looking
at how topsoil thickness affects infiltration,
plat~t-avaflztbie water, nutrient status, and
plant response. At Big Spring, Texas, SEA-
AR researchers are measuring changes in
pinsical and chemical soil properties that
are affected by wind and water erosion.
They are also attempting to relate the soil
properties to crop yields.

The STEEP (Solutions to Environmen
tal and Economic Problems) program in
the Pacific Northwest deserves special
note. This research is focusing on the re
gions critical erosion problems, using an
interdisciplinary approach to problem
solving.

Each count” soil survey published in re
cent years by SCS in cooperation with the
state agricultural experiment stations
shows the expected yields of major crops
fur each major erosion class and slope of
the soils. These yield averages are based on
field observations. They often inchide yield
measurements from fields with different
topsoil depths. Examples of field yield
evaluations are SCS studies in New Mex
ico, on dryland grain sorghum with differ
ent degrees of wind erosion, and in Ala
bama, relating yield to A horizon tluck
ness. The published SCS yield evaluations
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are regularly updated to show the current
expected yields of major crops under a high
level of management.

SCS periodically reviews the soil loss tol
erance limits (T-values) for all major soils
also. There is essentially no research base
to support T-values; they were established
and are revised on the basis of collective
judgments by soil scientists. Recommended
T-values are based on several criteria, one
of the most important of which is sustained
productivity. Productivity is not always
the active constraint, however.

Research is also being conducted in an
attempt to separate the effects of improved
technology from those of erosion on pro
ductivity. An SCS-SEA case study in Whit
man County, Washington, is looking at the
extent to which improved modern produc
tion technology masks soil erosioWs effects
on productivity. SEA-AR research at Man-
dan, North Dakota, involves an evaluation
of the efficiency of fertilizer and cropping
practices in restoring the productivity of
subsoils exposed by erosion. The Tennessee
Valley Authority is developing methods to
recover crop yields on eroded soils in west
Tennessee and northern Mississippi.

Various agencies, particularly state agri
cultural experiment stations and the U.S.
Forest Service, are conducting research to
determine uses for severely eroded crop-
land that is no longer suitable for annual
cropping. Coals are to find uses that would
at least stabilize the remaining soil and, if
possible, produce some economic return.
Some of this land remains suitable for pas
tureor hardwood production, but most has
been so abused that it is suitable only for
pine forestry.

Results throughout the United States
show that the productivity of such worn-
out land relates directly to the depth of
topsoil that remains (20, 23). Research is
continuing to develop better methods for
selecting the most suitable and economical
species of vegetation for site-specific condi
tions.

Considerable research is being conduct
ed to determine the effects of land grading
(cuts and fills) on crop production. When
surface soil is removed for land forming,
the result ma3’ be similar to that from ero
sion, although the abrupt loss generally af
fects immediate productivity more than a
gradual erosion loss.

Much current research is directed to
ward reducing nonpoint-source pollution
and cleaning rural waters. Although this
work is mainly concerned with down
stream effects of runoff, sediment, plant
nutrients, and pesticides, it considers sever
al of the processes involved in erosion-pro
ductivity research. For example, runoff

Contolled Inputs unconlrotled Inputs
Nutrients Climate
Pesticides Temperature
Plant harvesting Precipilalion
Tillage Radiation
Cultural practices Wind
crop Topography
Residue management Insects. disease. and weeds

I-
Soil Properdea
Doom
Porosity
Structure
Chemicals
Organic matter
Soil organisms
lecture
Productinity

~1~
Plants
Animals
Water balance
Chemicals
Sediment (wind and waler erosiont

transports pollutants, causes erosion, and
reduces plant-available water; sediment
originates from soil erosion; plant nutrients
transported downstream are not available
for crop production; and runoff losses re
duce pesticide effectiveness. Cooperative
research that combines downstream and
source processes involved in soil erosion-
soil productivity is needed to develop man
agement models.

A modeling approach to research

Mathematical modeling and field expe
riments to support the models must be ini
tiated to study the soil erosion-soil produc
tivity relationship. The magnitude of the
problem is so great that coordinated re
search involving USDA, the state agricul
tural experiment stations, universities, and
the Cooperative Extension Services will be
required to obtain a satisfactory solution.
Objectives of the research should include
(a) developing a physically based model
capable of realistically simulating the pro
cesses that affect soil erosion and soil pro
ductivity; (b) applying the model to many
areas throughout the United States to de
fine the erosion-productivity relationship
adequately; and (c) providing model out
puts necessary for economic analyses con
cerning the value of soil loss.

The modeling approach has a number of
advantages. First, it is efficient. Many
years can be simulated quickly and rela
tively inexpensively for numerous locations
and management strategies. Field experi

ments are time-consuming and êostly, and
the results are generally difficult to inter-
p ret.

Second, models are useful in determin
ing long-term effects. Hundreds of years
can be simulated practically using model-
generated weather inputs. Third, an un
limited number of modern management
strategies can be considered. Field experi
ments can only consider a few manage
ment strategies (usually those that are pop
ular when the experiment is designed).
Fourth, modeling is a learning exercise
that increases knowledge about the pro
cesses involved.

Model components

Components of the erosion-productivity
model should include hydrology, erosion-
sedimentation, nutrient cycling, crop
growth, tillage, and animal uptake for
range and pasture.

The hydrology component must be ca
pable of simulating evapotranspiration,
percolation, surface runoff, and subsurface
flow, It must properly describe soil water
distribution through the root zone for ac
curate nutrient cycling and runoff predic
tion, and it must maintain a water bal
ance.

The erosion-sedimentation component
must operate on individual runoff events
using rainfall and runoff inputs. It should
simulate detachment of soil particles by
rainfall, reerstrainment of sediment parti
cles in runoff, soil degradation by concen
trated flow on uplands and in channels,
and deposition. In addition to sediment
yield, this component must calculate the
particle-size distribution for use in simulat
ing nutrient transport.

The nutrient cycling component must
deal with nitrogen and phosphorus in both
soluble and adsorbed forms. Necessary
components of the nitrogen balance in
clude leaching, runoff losses, crop residue,
volatilization, denitrification, immobiliza
tion, mineralization, nitrification, crop
uptake, rainfall contributions, and fertiliz
er. The phosphorus balance should include
runoff losses, crop residue, crop uptake,
fertilizer, plant availability, and adsorp
tion-desorption. Processes that affect nutri
ent transport, such as sediment deposition
and phosphorus adsorption-desorption,
must also be simulated.

Crop growth components must be avail
able for most important crops. These
models must accurately simulate crop de
velopment (both above ground parts and
roots), yield, and residue, given climate,
water supply, and nutrients.

The tillage component must be capable

Factors considered in building a mathe
matical model to quantity the effects of
erosion on soil productivity.
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of simulating tillage effects on soil proper
ties that affect hydrology, erosion-sedi
mentation, and crop growth. It must prop
erly describe fertilizer and crop residue dis
tribution through the plo” layer.

The animal uptake component is needed
to simulate grazing of range and pasture.
It must be capable of predicting the effect
of grazing on crop growth, evapotranspi
ration, runoff, erosion, and nutrient cy
cling. Accurate estimates of animal intake
and output for various stocking rates will
be required.

Model requirements

Individual model components must he
completely compatible and capable of ac
cepting input from and delivering output
to other components. The complete model
must meet nine criteria:

1. It must continuously simulate the pro
cesses involved, simultaneously and realis
tically, using a practical time step (prob
ably daily).

2. It must be physically based and use
readily available inputs. This eliminates
models that require calibration because
data, such as runoff, evapotranspiration,
and sediment yield, generally are not
available. If the parameters are physically
significant, calibration is not necessary.

3. It must be able to compute the effects
of management changes on outputs.

4. It must be able to predict crop yields
accurately as erosion changes root-zone
characteristics (removes upper soil layers
and determines new root-zone depth dic
tated by subsoil conditions). This means
that soil characteristics must extend consid
erably below the root zone at the begin
ning of the simulation.

5. It must be capable of estimating off-
site effects, such as sediment deposition in
waterways, channels, and floodplains and
nutrient transport to streams and reser
voirs.

6. It must be computationally efficient
to allow simulation of various manage
ment strategies economically.

7. It must be capable of simulating long
periods (hundreds of years) because erosion
affects productivity very slowly in some
cases. This requires a weather-generating
submodel because long-term, measured
values for variables, such as rainfall, tem
perature, and solar radiation, are general
ly not available.

8. It must have a built-in decision-mak
ing ability for adjusting management strat
egies as soil is eroded. For example, a soil
originally in row crops may be converted
to grass after a number of years of erosion
because row cropping is no longer profit
able.

9. It must be structured to permit easy
component replacement when improved
algorithms are developed.

Model development

Models for most of the processes are in
various stages of development. Once tested
with existing data for validation, the mod
els should be linked to form the erosion-
productivity model.

Data for model development and valida
tion will be obtained from existing data
sources and from future experiments spe
cifically designed to study the erosion-pro
ductivity relationship. Careful study of ex
isting data from all sources (plots, fields.
watersheds, floodplain deposition, etc.)
should provide guidelines for designing fu
ture research programs and may reveal ex
isting data suitable for testing models.

The next step is to establish a nationwide
field experimentation program. Locations
should be selected and experiments de
signed to maximize the information ob
tained.

Several factors are important in design
ing the field experiments. They include cli
mate, crops, management practices (ero
sion control, fertilization, tillage, etc.).
and land characteristics (soil type, topog

raphy, erodibility, state of erosion, pro
ductivity, etc.). The objective is to develop
a network that represents typical agricul
tural conditions throughout the United
States.

The validated model will provide infor
mation on accumulated erosion, annual
crop yields, nutrient losses, annual fer
tilizer application rates, offsite sediment
deposition, downstream nutrient yields to
streams and reservoirs, and energy require
ments for tillage and maintenance. From
this output, accumulated erosion can be re
lated to crop yield mathematically. Also,
the monetary value of soil loss can be de
termined through reduced yields, in
creased fertilizer and energy requirements,
and downstream damages.

Conclusions

Accurate estimates of soil productivity
are essential in agricultural decision mak
ing and planning from a field scale to the
national level. Until the relationship be
tween erosion and productivity is ade
quately developed, selecting management
strategies to maximize long-term crop pro
duction will be impossible. Poor decisions
can easily result in serious damage to or
under use of soil resources.

Research with the specific objective of
determining the effects of soil erosion on
crop production is limited. A few field ex
periments have demonstrated that erosion
can drastically reduce crop yields- But this
research is limited spatially (research in a
few land resource areas represents a small
fraction of the United States) and tempo
rally (climatic variability is usually not
representntive of long-term variability).

Modeling research is also quite limited.
Empirical relationships are difficult to de
velop because data are limited and because
improved technology has masked the ef
fects of erosion. Mathematical modeling
based on physical processes is a more
promising approach, but no physical mod
els have been developed specifically for
studying the erosion-productivity relation
ship.

Additional research, using mathemati
cal modeling with field experiments to sup
port the models, should ultimately permit
the prediction of accumulated erosion, an
nual crop yields, nutrient losses, annual
fertilizer application rates, offsite sediment
deposition, downstream nutrient yields to
streams and lakes, and energy require
ments for tillage and maintenance. From
this output, accumulated erosion can be re
lated to crop yield mathematically. Also,
the monetary cost of soil loss can be deter
mined through reduced yields, increased

Erosion removed nearly all of the
soil on this Arizona watershed, making

revegetation essentially impossible.
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fertilizer and energy requirements, and
downstream damages.
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