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Impacts of Technology
on U.S. Cropland and
Rangeland Productivity

OTA Reports are the principal documentation of formal assessment projects.
These projects are approved in advance by the Technology Assessment Board.
At the conclusion of a project, the Board has the opportunity to review the
report but its release does not necessarily imply endorsement of the results by
the Board or its individual members.
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This Nation’s impressive agricultural success is the product of many factors:
abundant resources of land and water, a favorable climate, and a history of resource-
ful farmers and technological innovation. We meet not only our own needs but
supply a substantial portion of the agricultural products used elsewhere in the world.
As demand increases, so must agricultural productivity. Part of the necessary growth
may come from farming additional acreage. But most of the increase will depend
on intensifying production with improved agricultural technologies. The question
is, however, whether farmland and rangeland resources can sustain such inten-
sive use.

Land is a renewable resource, though one that is highly susceptible to degrada-
tion by erosion, salinization, compaction, ground water depletion, and other proc-
esses. When such processes are not adequately managed, land productivity can
be mined like a nonrenewable resource. But this need not occur. For most agricul-
tural land, various conservation options are available. Traditionally, however, farm-
ers and ranchers have viewed many of the conservation technologies as uneconom-
ical. Must conservation and production always be opposed, or can technology be
used to help meet both goals?

This report describes the major processes degrading land productivity, assesses
whether productivity is sustainable using current agricultural technologies, reviews
a range of new technologies with potentials to maintain productivity and profitability
simultaneously, and presents a series of options for congressional consideration.
The study was requested by the Senate Committee on Environment and Public
Works and endorsed by the House Agriculture Committee, the Senate Appropria-
tions Committee, and the Subcommittee on Parks, Recreation, and Natural Re-
sources of the Senate Committee on Energy and Natural Resources.

The Office of Technology Assessment greatly appreciates the contributions of
the advisory panel assembled for this study, the authors of the technical papers,
and the many other advisors and reviewers who assisted us, including farmers,
ranchers, agricultural scientists in industries and universities, and experts in other
Government agencies. Their guidance and comments helped develop a compre-
hensive report. As with all OTA studies, however, the content of the report is the
sole responsibility of the Office.

JOHN H. GIBBONS
Director

iii



Impacts of Technology on U.S. Cropland and
Rangeland Productivity Advisory Panel

David Pimentel, Chairman

Department of Entomology, Cornell University

Delmar Akerlund
Akerlund Farm Biological Enterprises
Valley, Nebr.

Steve Brunson

National Association of Conservation Districts

William Dietrich
Green Giant Co.

James V. Drew

School of Agriculture and Land Resources
Management and Agricultural Experiment

Station
University of Alaska

George R. Hawkes
Product Environmental Affairs
Ortho-Chevron Chemical Co.

Earl O. Heady
Department of Economics
Iowa State University

John H. Herman
Attorney at Law
Dayton, Herman, Graham & Getts

Maureen K. Hinkle
National Audubon Society

William H. Hinton
Farmer
Fleetwood, Pa.

Garry D. McKenzie
Division of Polar Programs
National Science Foundation

William R. Meiners

Resource Planning and Management
Associates, Inc.

Meridian, Idaho

John Moland, Jr.
Center for Social Research
Southern University

Richard E. Rominger
Department of Food and Agriculture
State of California

Edwin L. Schmidt
Department of Soil Science
University of Minnesota

F. C. Stickler
Product and Market Planning
Deere & Co.

Glover B. Triplett, Jr.

Department of Agronomy

Ohio Agricultural Research and
Development Center

Ralph Wong
Rancher
Marana, Ariz.



OTA Land Productivity Project Staff

Joyce C. Lashof* and H. David Banta,** Assistant Director, OTA
Health and Life Sciences Division

Walter E. Parham, Program Manager
Food and Renewable Resources Program

Bruce A. Ross-Sheriff, Project Director

Chris Elfring, Analyst and Editor
Barbara Lausche, Senior Analyst
Jessica Marshall, Internt
Monica Roll, Internt
Elizabeth A. ]J. Williams, Senior Analyst

Administrative Staff

Phyllis Balan, Administrative Assistant
Marilyn Cassady  Constance Clem  Elizabeth Galloway
Nellie Hammond  Aneke Raney? Gillian Raneyf  Yvonne Wellst

OTA Publishing Staff

John C. Holmes, Publishing Officer

John Bergling  Kathie S. Boss  Debra M. Datcher  Joe Henson

*Until December 1981.
**From December 1981.
tTemporary assignment.



Chapter Page
SRS 11054 0 V- ¥ o740 PP 3
II. Land Productivity Problems............. ... ... ... .. .. i .. 23
III. Rangelands . ........... .. ..., e 67
IV. Croplands . ..... ..ot i i e i e e 91
V. Technology Adoption ............oiiiiiiiiiiniiinininnennnnnns 137
VI. Role of Government ..............couiiiiiininrinenenenenenennnnn 151
VII. Issues and Options for Congress. . ..........ouviuiiiniuneennennn. 181
Appendixes
A. The Innovators: The Stories of Five Agriculturalists and Their

Commitments to Land Stewardship ............................... 195
B.Virgin Lands .. ...ttt 220
C. Soil Productivity Variables .............. i, 225
D. Analytic Tools and Data Bases for Determining the Effects of

National Policies on Land Productivity ............................ 235
E. The Resources Conservation Act Preferred Program ................. 243
F. Commissioned Papers .............c.oouiiiiiinninineinnnennnnennns 247
G.GloSSAIY « ot ittt i e e e e e e e 249
60 Lo (=5 PP 261

vii






o

-

-

e

e
o

2
.

.




Summary

LAND PRODUCTIVITY

Every year, the Nation’s cropland erodes at
an average rate of 7 tons per acre. Yet soil is
thought to form at a rate of only 0.5 ton per
acre a year or less. Thus, even though knowl-
edge of soil formation is grossly inadequate, it
appears that America’s agricultural soil is
being eroded more than 10 times faster than
it is being formed.

Erosion is not the only process that can dam-
age the productivity of the Nation’s croplands
and rangelands, though it is the most pervasive.
Compaction and inadequate drainage can re-
duce crop yields. Salinization (salt build-up in
soils) can force lands out of production. Mis-
management and overgrazing can degrade
rangeland productivity. Withdrawing too much
ground water can deplete underground sup-
plies and limit future agriculture. Land sub-
sidence, whether related to ground water with-
drawal or other factors, can remove lands from
production with little hope for restoration.

Inherent land productivity, as used in this
report, means the ability of land resources to
sustain long-term production of crops, forage,
and a broad range of other benefits such as
water quality, genetic resources, and wildlife
habitat. Land is broadly defined to include not
only soil but water and all the physical, chemi-
cal, and biological components of cropland and
rangeland ecosystems.

Land productivity varies from site to site and
changes over time. It interacts with the other
components of agricultural productivity, which

are the productivity of capital, the productiv-

ity of labor, and the state of the art of technol-
ogy. Because of these interactions, land pro-
ductivity is exceedingly difficult to measure.
Nevertheless, it is a distinct concept that farm-
ers and ranchers understand to profoundly in-
fluence the productivity of their capital and
labor resources.

This study assesses how agricultural technol-
ogies affect the inherent productivity of U.S.
croplands and rangelands. It examines proc-
esses that affect the quality of croplands and
rangelands and addresses the question of
whether land productivity is sustainable under
various modern agricultural technologies.

The report finds that certain productivity-
degrading processes, especially erosion, are
widespread and serious. Yet for most agricul-
tural land, technologies exist that could achieve
high production while maintaining land qual-
ity. There are, however, some particularly frag-
ile lands where no currently available ways
exist to sustain high levels of production. These
lands are used because it is profitable, under
the present system of agricultural technologies,
markets, and policies, to “mine” the inherent
productivity of the fragile cropland and range-
land sites as if they were nonrenewable re-
sources. In doing so, long-term productivity is
sacrificed for shorter term profits.

This assessment was requested by the Senate
Committee on Environment and Public Works
and endorsed by the House Committee on Agri-
culture, the Senate Committee on Appropria-
tions, and the Subcommittee on Parks, Recrea-
tion, and Renewable Resources of the Senate
Committee on Energy and Natural Resources.
The assessment was designed to exclude de-
tailed study of: 1) problems that tangentially af-
fect agricultural lands but are not caused by
agricultural technologies (e.g., air pollution);
2) impacts of agricultural technologies on lands
other than croplands and rangelands (e.g., the
effects of chemical runoff on estuaries); 3) tech-
nologies and impacts covered by other OTA as-
sessments (e.g., Integrated Pest Management,
1979; Biomass Fuels, 1980; and Applied Genet-
ics, 1980).
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INTRODUCTION: TECHNOLOGY AND AMERICAN AGRICULTURE

This Nation’s agricultural successes are the
product of many factors: abundant resources
of land and water, favorable climate, and also
a history of hard work, skill, and innovation.
Recent generations in particular have benefited
from technological developments. U.S. agricul-
turalists and scientists have created a produc-
tion system that not only meets our own needs
but also provides a growing portion (about one-
tenth in 1979) of the agricultural products used
by the rest of the world.

The technologies that made this extraordi-
nary production possible were developed pri-
marily during the 1950’s and 1960’s, when fuel
and capital costs were low and labor was com-
paratively expensive. These technologies made
farmers extremely successful at replacing labor
with cheap energy inputs. The principal prob-
lem policymakers faced was keeping abundant
supplies of food and fiber from driving prices
(and profits) so low that farmers would be
forced out of business. As a result, price sup-
ports and a variety of land retirement programs
were adopted.

Agricultural policymakers now face prob-
lems quite different from those of the past. The
1970’s brought profound changes in the eco-
nomic and resource environments. Foreign de-
mand for U.S. agricultural products grew
rapidly. Energy and fertilizer prices skyrock-
eted. Stockpiles of surplus commodities dwin-
dled. Development of the interstate highway
system and related changing settlement pat-
terns took large areas of prime farmland out
of production. At the same time, areas of mar-
ginal cropland began coming back into produc-
tion because stronger commodity markets
made price supports and the concomitant land
set-aside programs less attractive.

By the end of the 1970’s, the United States
was exporting 30 percent of its agricultural pro-
duction and expecting even higher exports in
the future. With virtually all the land previously
idled by Government programs already re-
turned to crops, exports are projected to be met
in part by cultivating more land, including

much which is fragile and basically unsuited
to long-term production under conventional
technologies.

Conservation and Production

Neither empirical evidence nor compelling
logic show that agricultural production must
be harmful to the quality of the land resource.
On the contrary, production and conservation
can be mutually reinforcing, even on marginal
lands, if appropriate production technologies
are developed and used.

But present agricultural practices in the
United States are degrading the inherent pro-
ductivity of large amounts of cropland and
rangeland. Much agricultural land suffers from
accelerated erosion, soil compaction, water
quality and quantity problems, or other adverse
physical, chemical, and biological changes in
soil ecology.

To date, losses in inherent productivity have
been masked by gradual increases in capital
inputs such as fertilizers, pesticides, and im-
proved crop varieties. But productivity degra-
dation is an accelerating and self-reinforcing
process; this year’s losses contribute to increas-
ing losses in the years to follow. As capital
costs rise, and losses in inherent productivity
become increasingly severe, it will become
more difficult to sustain produgjion on de-
pleted agricultural land. '

Nationally, soil erosionis the most important
process degrading inherent productivity. It is
an acute problem on a relatively small part of
the Nation’s cropland, and a chronic problem
on a much larger acreage.

No one can estimate the precise amounts of
fuel, fertilizer, and other nonsoil resources that
are required to compensate for the erosion-
caused losses in soil fertility, tilth,* and water-
holding capacity. The future availability and
affordability of these nonsoil resources are also

*Tilth refers to the physical condition, texture, and aggrega-
tion of soil.
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Agricultural Production, 1960-78

140

130

3 120
1}

~

©

o

= 110
[}

©

£

[

o

S 100
he)

°

[+

90

80

0
1960 1965

1970 1975 1980

SOURCES: 1960-1963: Agricultural Statistics 1975, U.S. Department of Agriculture (Washington, D.C., U.S. Government Print-

ing Office, 1975), table 618, p. 440.

1964-1978: Agricultural Statistics 1979, U.S. Department of Agriculture (Washington, D.C., U.S. Government Print-

ing Office, 1979), table 633, p. 440.
Data for 1978 are preliminary.
CEQ Environ. Trands, 1981.

uncertain. Many of them, however, are non-
renewable and increasingly expensive.

Many practices used to maintain or improve
inherent soil productivity can reduce current
farm profits. For example, planting erosive
fields into hay or pasture slows soil erosion,
but is less profitable than planting corn or soy-
beans. Terraces break long slopes and retain
eroding soil, but in many cases farmers can-
not recoup high construction costs, even when
they are shared by the Government. Contour
farming reduces soil erosion and can increase
yields, but it also increases labor and
machinery costs. Because erosion may not
noticeably affect crop yields for many years,
economic considerations discourage farmers

from adopting even these proven erosion con-
trol technologies.

Some new, innovative technologies can save
soil and improve profitability for many farm
operations. The use of some of these technol-
ogies—for example, conservation tillage*—is
increasing, and they will play an important role
in maintaining inherent land productivity in
the future. However, there are substantial im-
pediments to their widespread adoption. Many

*Conservation tillage refers to various ways of reducing the
frequency and degree of tilling the soil. Conservation tillage
methods generally share three characteristics: 1) they use imple-
ments other than the moldboard plow, 2) they leave crop residues
on the soil to mitigate erosion and help retain moisture, and
3) they depend on chemical rather than mechanical weed con-
trol. (See ch. IV for.a complete discussion.)
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Agricultural Inputs, 1950-78
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SOURCES: Time spent on farmwork: Changes in Farm Production and Efficiency, 1977, USDA Economics, Statistics, and Cooperatives Service (Washington, D.C.:
U.S. Government Printing Office, 1978), statistical bulletin 612, p. 32.

Horsepower of farm machines: Changes in Farm Production and Efficiency, 1977, p. 31.

Fertilizers applied: Changes in Farm Production and Efficiency, 1977, p. 27.

Pesticides applied, 1964: Quantities of Pesticides Used by Farmers in 1964, USDA Economics, Statistics, and Cooperatives Service (Washington, D.C.:
U.S. Government Printing Office, 1968), agr. econ. rep. 131, pp. 9, 13, 19, 26. 1966: F: Use of Pesticides in 1971— Quantities, USDA Economics, Statistics,
and Cooperatives Service (Washington, D.C.: U.S. Government Printing Office, 1974), agr. econ. rep. 252, pp. 8, 11, 15, 18. 1971 and 1976: Farmers’ Use
of Pesticides in 1976, USDA Economics, Statistics, and Cooperatives Service (Washington, D.C.: U.S. Government Printing Office, 1978), agr. econ. rep.
418, pp. 6, 9, 15, 20.

Water for irrigation: Estimated Use of Water in the United States in 1975, U.S. Geological Survey (Washington, D.C.: U.S. Government Printing Office,
1977), circ. 765, p. 38 and previous quinquennial surveys.

Energy spent on farms: The U.S. Food and Fiber Sector: Energy Use and Outlook, USDA Economic Research Service (Washington, D.C.: U.S. Government
Printing Office, 1974), p. 2.

Btu converted from kilocalories (kcal), as published in “Energy Use in the Food System,” J. S. and C. E. Steinhart, Science 184:309 (1974). (1 kcal = 3:968
Btu, 1 Btu = 0.252 kcal.)

Time spent on farmwork includes crops, livestock, and overhead. After 1964, time used for horses, mules, and farm gardens was excluded.
Horsepower includes tractors only (exclusive of steam and garden).

Fertilizers include nitrogen, phosphate, and potash nutrients used.

Pesticides include amounts used on corps only; excludes pesticide use for livestock and other purposes.

Water used for irrigation refers to water consumed, not water withdrawn.

Energy spent on farms includes fuel, electricity, fertilizer, agricultural steel, farm machinery, tractors, and irrigation.

Cited in CEQ, 1981 Environ. Trends.
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farmers and ranchers resist abandoning con-
ventional practices because the innovative
technologies often require more management
expertise. Furthermore, farmers often are un-
convinced that the new practices can be prof-
itable for their particular farming conditions.
Capital requirements for specialized mechan-
ical equipment also impede the adoption of
new technologies.

Innovative farming and grazing methods are
being adopted, but not necessarily in the places
where they are most needed. Farmers adopt in-
novative technologies first on lands where the
new methods will be most profitable—often
these are the highly resilient lands with low
potential for productivity degradation. At the
same time, large parts of the Nation’s most
erosive and otherwise fragile cropland, pas-
tureland, and rangeland are not being treated
with conservation practices.

The scientific community is showing re-
newed interest in the determinants of inherent
land productivity. A new U.S. Department of
Agriculture (USDA) research program* is ex-
pected to study the relationships among soil
erosion, substitution of other resources, and
crop yields. But much work is needed to dis-
cover how inherent land productivity is af-
fected by management of such factors as
organic matter, soil biology, irrigation water,
soil compaction, and soil chemistry. Further-
more, while Federal research efforts do devel-
op needed improvements in existing technol-
ogies, improved mechanisms are needed for
developing and implementing innovative tech-
nologies.

Federal programs designed to affect crop
production and support farm incomes have

—
*The Soil Erosion-Soil Productivity Research Project.

had mixed effects on resource conservation.
While most such programs do affect the natural
resource base, they generally have not been de-
signed to provide collateral conservation ben-
efits. Little work, in fact, has ever been done
to analyze the interrelationships between agri-
cultural policy and conservation. Mathemat-
ical models that would permit policymakers to
analyze relationships among conservation, pro-
duction, and income objectives have not been
adequately developed. In many cases, the basic
physical and biological data necessary to build
such models are lacking.

Agricultural technologies have significant ef-
fects on a number of public goods other than
food and fiber production—e.g., water quali-
ty, wildlife habitat, and recreational oppor-
tunities. Sustaining production of these bene-
fits does not have to conflict with sustaining
crop and forage production and could be an
explicit objective in developing site-specific
agricultural technologies.

On the whole, inherent land productivity is
deteriorating gradually. But neither the prob-
lems nor the potential solutions can be broad-
ly generalized. Throughout this assessment,
scientists, farmers, and other agricultural ex-
perts have stressed the regional diversity and
site-specific nature of both degradation prob-
lems and technologies appropriate for dealing -
with them.* If Federal policy is to be effective
in preserving inherent land productivity, it
must recognize the regional and local nature
of this issue. Dealing with acute localized prob-
lems may require politically difficult decisions
to reallocate Federal technical and financial
assistance, research, and extension work.

*This report has highlighted Alaska as an example of a region
with special agricultural potentials and problems. Most of this
information is in app. B.

LAND PRODUCTIVITY PROBLEMS

Loss of soil by wind and water erosion* is
the major productivity degradation process oc-

*Erosion rates do not represent net losses of soil because
eroded soil does not simply vanish. Much of the soil moved by

curring on U.S. croplands and rangelands. The
national average sheet and rill (water-caused)

erosion remains in the same field, but farther downslope. Soil
is eventually lost, however, as it moves downslope off fields, into
waterways, or onto noncroplands. Soil quality is affected by soil
movement because organics and lighter materials are moved
first, leaving behind poorer soils.
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erosion rate from row crop and small grain
cropland is 5.4 tons per acre.* When wind ero-
sion is included, the average erosion rate for
the Nation’s croplands is at least 7 tons per
acre. Meanwhile, soil is thought to form at an
average rate of only 0.5 ton per acre. Thus,
even though knowledge of soil formation rates
is grossly inadequate, it appears that soil is
eroded more than 10 times faster than it is
formed.

Nationally, erosion exceeded 5 tons per
acre** on more than 112 million acres of crop-
land, including 33 percent of the corn land, 44
percent of the soybean land, 34 percent of the
cotton land, and 39 percent of the sorghum
land.

About 45 percent of the Nation’s total sheet
and rill erosion occurs on the most rapidly
eroding 6.5 percent of the cropland. Since it
is often unprofitable to protect highly erosive
sites, much of that land is farmed without the
benefit of any major erosion control technol-
ogy. Aiming conservation efforts at the most
rapidly eroding sites could increase the cost ef-
fectiveness of programs designed to prevent
soil loss.

Soil loss rates are not the same as produc-
tivity loss rates, however. Many studies have
demonstrated that soil erosion reduces yields
for specific crops. But most of these studies
were conducted decades ago. In the interim,
crop production technologies have changed
substantially and the old data on yield reduc-
tions have little relevance to modern farming.
Consequently, it is impossible to accurately
compare the costs of erosion control technol-
ogies with their benefits. When the cost of sub-
stituting capital inputs for eroded soil is con-
sidered, some farms with low erosion and thin
soils may suffer more productivity loss than
farms with high erosion but deeper soil. Also,

*In this report, “tons per acre” refers to “tons per acre per
year.” Erosion rates are from the 1977 National Resource In-
ventories, USDA, as revised in 1980.

**A rate of soil loss widely used as an objective for cropland
erosion control programs is 5 tons per acre. This number, called
the “T value,” was selected by the founder of the Soil Conser-
vation Service, Hugh H. Bennett, and has since been reaffirmed
by committees of Soil Conservation Service experts. However,
there is essentially no research to scientifically establish the 5
tons per acre T value.

from a national perspective, the seemingly low
rate of erosion on the majority of the land may
be more significant than the high loss rates oc-
curring on a relatively small acreage, since the
latter lands account for a small proportion of
total national farm production.

Less is known about the rates and effects of
rangeland erosion. Wind and water erosion on
non-Federal rangeland averages 4.6 tons per
acre. As is the case with cropland erosion, a
large portion of the total tonnage eroded on
rangeland comes from a relatively small area—
on 91 percent of the non-Federal rangeland,
wind erosion is less than 2 tons per acre. The
most susceptible 3 percent of the land, how-
ever, erodes in excess of 14 tons per acre and
accounts for 31 percent of the total wind ero-
sion. Because rangeland soils form so slowly,
and because they are so difficult and expen-
sive to reclaim, even low rates of soil erosion
are cause for concern. Anecdotal evidence and
some data indicate that rangeland soils over
wide areas, particularly in the Southwest, are
so eroded that they can no longer provide ade-
quate moisture storage to sustain a good cover
of forage plants.

Maintenance of soil cover (by plants and
crop residues) and other farm management
practices (e.g., the type, frequency, and timing
of tillage) are important ways to change crop-
land erosion rates. The most important new
technologies to control erosion in the near
future will be methods to minimize tillage on
row crop and small grain croplands. However,
none of the available erosion control technol-
ogies is likely to make row crop or small grain
farming sustainable on the most fragile crop-
land. The most effective means of controlling
erosion on such land is to cease using it for an-
nual crops, planting it instead to permanent
pasture, orchard, or wildlife habitat. For the
long term, it may be possible to develop other
profitable crop systems using perennial plants.

On rangelands, erosion control methods in-
clude establishing adequate plant cover, reduc-
ing or eliminating compaction on overgrazed
sites and on overused animal and vehicle trails,
and manipulating the soil surface to increase
water infiltration.
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Acreage Where Wind and Water Erosion Are Greater Than Five Tons per Acre per Year, 1977

¢ Data not
available

SOURCE: USDA, 1978.

About 105 million acres of U.S. cropland
have wet soils. Although only some wet soils
are classified as “wetlands,” many of the 3.8
million acres of wet soils converted to cropland
between 1967 and 1975 were indeed wetlands.
Their conversion meant the loss of valuable
habitats, reduced flood prevention, and the loss

of natural cleansing mechanisms for water-
sheds.

On the other hand, drainage of wet cropland
can enhance crop production significantly.
Wet soils often have high potential productivity
because they contain more organic matter than
soils that are not so wet. In the late 1960’s, con-
cern mounted over the loss of true wetlands,
Investment in drainage systems dropped, and
Federal cost sharing for drainage systems was
terminated. As a result, investment in subsur-

84-391 0 - 82 - 2

face drainage systems for the wet soils already
used as croplands has declined over the past
20 years.

Many existing drainage systems were built
in the early 1900’s and are outdated and need
repair. While repairing or replacing tile and
ditch systems appears to be cost effective for
individual farmers, outlet systems commonly
demand collective management. Cleaning and
maintenance need local funding. Cost sharing,
guaranteed loans, or developing farmers’ co-
operatives could aid in the rejuvenation of
outlet systems.

Soil Compaction

Routine operation of tractors and other farm
equipment and trampling by livestock can
harm land productivity by damaging soil struc-
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ture. On susceptible cropland soils, a persist-
ent layer of densely compacted soil, a “traffic
pan,” may form just below the depth of tillage
operations. On rangelands, which are not nor-
mally tilled, animal trampling compresses sur-
face soil so water cannot infiltrate and plants
cannot reproduce.

Concern over compaction has increased in
recent years, partly because the heavy ma-
chinery characteristic of modern farming is
thought to cause more compaction than lighter
machines. Soil compaction can cause crop
yield reductions as great as 50 percent. Some
soil types are more susceptible to compaction
than others, and susceptibility generally in-
creases with increased soil moisture.

Timing field operations to avoid periods
when the soil is especially susceptible, and
plowing deeper than normal (““subsoiling”), are
effective ways to alleviate compaction. How-
ever, both can reduce short-term profits and
information is often inadequate for farmers to
make the best possible decisions.

On rangelands, the compaction problem is
not well understood and practical technologies
to correct it are not well developed. Both vehi-
cle traffic and the hooves of grazing animals
can compact range soils. This constrains plant
growth, retards seed germination and seedling
emergence, and accelerates erosion.

Techniques to control rangeland compaction
include restricting vehicle traffic and intensive-
ly managing livestock to reduce their impact
on wet and other susceptible soils. However,
practical technologies to correct compaction
are not available and, as with croplands, data
are inadequate to optimize site management
and policy decisions.

Expert opinion on the national significance
of the compaction problem differs. Some scien-
tists allege widespread damage to productive
lands in general, while others see damage oc-
curring only on certain susceptible land. Data
have not been and are not being gathered to
indicate the location or extent of soil compac-
tion constraints on productivity, although ex-
perts indicate that national data collection is
feasible.

Irrigation can cause salinization of the land.
Cropland salinization is primarily a drainage
problem aggravated by incorrect application
of irrigation water. On irrigated fields, the Sun
and crops extract almost pure water, leaving
behind salts that had been dissolved in the
water. If the salt is not flushed deeper into the
ground by rainfall or additional irrigation, it
can concentrate in and on the surface soil,
ultimately destroying the land’s productivity.

But flushing salt into the ground does not
necessarily solve the salinization problem. If
subsurface conditions are relatively porous, the
saltwater may contaminate the ground water
supply. If subsurface conditions are relatively
impermeable, the salty water may drain into
the nearest river and flow to irrigators down-
river. Saltwater may also accumulate beneath
the surface so that a salty, “perched” water
table accumulates. This can eventually rise and
damage crop roots.

Most crops cannot survive in saline en-
vironments. High salt concentrations harm
plants directly by causing physiological stress
and indirectly by destroying soil biota. Salini-
ty has already constrained production on 25
to 35 percent of the irrigated land in the
Western United States, or about 5 percent of
the total national cropland. This 5 percent is
especially important because yields here are
higher, the growing season longer, and high-
value crops predominate on irrigated lands.

Salinization can have costly consequences.
For example, in the San Joaquin Valley, high,
salt-contaminated watertables under 400,000
acres are costing $32 million annually in re-
duced yields. Some 1 million to 2 million acres
of prime land in that region are expected to go
out of crop production during the next 100
years if salinization continues unchecked.

Salinization can be controlled with elaborate
drainage and disposal systems. Smaller scale,
less expensive approaches include using im-
proved irrigation techniques and converting to
crops that use less water or tolerate more salt.
Although less costly, these management tech-
nologies have proven more difficult to imple-
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ment than large-scale, publicly funded engi-
neering projects because they require attitude
changes and capital investments from many in-
dividual farmers. And while small-scale tech-
nologies can reduce the accumulation of saline
water beneath irrigated fields, they will not
eliminate the need for drainage where subsur-
face conditions inhibit downward percola-
tion—e.g., most irrigated areas in the Colorado
and San Joaquin basins.

Ground Water Depletion*

The next several decades will bring a marked
decrease in the availability and quality of the
Nation’s ground water resources. This will sig-
nificantly reduce the productivity of much ir-
rigated agricultural land, especially in the
Southwestern States. The most severe prob-
lems will probably be confined to the West, but
some Eastern States will suffer local water
shortages and water quality problems that will
affect agricultural productivity.

Various technologies can alter irrigation and
farming systems and prolong the productivity
of ground water resources. These vary from
modest changes in the way water is applied to
major changes in farm management such as
converting to perennial crops. Although chang-
ing the technologies used can reduce water
demands, the actual reduction in ground water
withdrawals that will result probably will be
small and will only postpone the exhaustion
of some major U.S. ground water reservoirs.

The technological change most likely to
occur in Western regions during the coming
decades will be the return of irrigated lands to
dryland farming or grazing. Such conversion
will cause sharp decreases in production. Also,
as wind erosion and other problems associated
with dryland farming develop, a continuing,
gradual decrease in land productivity can be
expected.

Although some schemes for recharging over-
drawn aquifers** have been proposed, the lack

*OTA is conducting a more detailed study of this topic in a
separate assessment, Water-Related Technologies for Sustain-
ing Agriculture in U.S. Arid and Semiarid Lands.

**An aquifer is a water-bearing underground layer of perme-
able rock, sand, or gravel.

of local water to replenish supplies and the
high energy costs involved in transporting
water from distant sources may preclude such
remedies. On a national scale, schemes for
long-distance water transport will have to be
compared with the alternatives of bringing
marginal agricultural lands into production in
the more water-abundant East or intensifying
production on prime agricultural lands.

The current lack of effective State and Fed-
eral policies to discourage wasteful water use
works against widespread adoption of water-
conserving technologies. Ground water is a
common property resource, so individuals
have few economic incentives to practice con-
servation as long as others continue rapidly
depleting the resource.

Land Subsidence

Subsidence—the sinking or collapse of land
surfaces—is likely to become more common in
the United States as the use of ground water
and subsurface mineral resources intensifies.
Subsidence can occur in various circum-
stances: when cities, industries, and irrigated
agriculture withdraw large amounts of ground
water; when coal and other mineral resources
are mined; when there is solution mining of
salt or other subsurface mineral deposits; or
when large amounts of petroleum are ex-
tracted. All of these activities can result in slow
subsidence or the unexpected collapse of the
land surface. If agriculture overlies these areas,
it can suffer slow or immediate consequences.

The effect of subsidence on agriculture has
been most extensive in areas where ground
water mining for irrigation is common. For ex-
ample, on 5,400 square miles of San Jacinta
Valley cropland in California, where irrigation
wells pump as much as 1,500 acre-ft of water
annually, land has subsided nearly 28 ft since
1935. Subsidence damages irrigation systems,
wells, buildings, drainage and flood control
structures, and other improvements. Data on
this problem seem to be adequate for agricul-
tural planning purposes. Subsidence effects are
permanent and there are no attractive techno-
logical solutions.
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Soil Organic Matter

Soil organic matter is important to soil pro-
ductivity because it:

¢ contributes to the development of soil ag-
gregates, which enhance root development
and reduce the energy needed to work the
soil;

¢ increases the air- and water-holding ca-
pacity of the soil, which is necessary for
plant growth, and helps to reduce erosion;

¢ releases essential plant nutrients as it
decays;

¢ holds nutrients from fertilizer in storage
until the plants need them; and

¢ enhances the abundance and distribution
of vital soil biota.

The importance of these functions varies great-
ly from one soil type to another.

Soil scientists generally emphasize the pos-
itive influence organic matter has on land pro-
ductivity, but it can affect productivity adverse-
ly in some cases. For example, because organic
matter holds soil moisture, it sometimes acts
indirectly to shorten the growing season by
delaying planting where moist soils warm
slowly in the spring.

Although modern farming practices can af-
fect organic matter content, this study found
no data to indicate whether organic matter
levels have increased or decreased in the years
since widespread use of fertilizers replaced the
use of crop rotations. Recent research has fo-
cused on the production-enhancing effects of
off-farm inputs, and as a result soil scientists
have not studied the management of organic
matter to optimize land productivity under var-
ious modern farming systems.

Soil micro-organisms and larger soil in-
vertebrates, such as earthworms and insects,
perform functions essential for plant growth.
Before the widespread availability of commer-
cial fertilizers, nutrients recycled by the biota
were recognized as a major component of land
productivity and thus soil ecology ranked high

among the agricultural sciences. In recent dec-
ades, however, this aspect of soil science has
been largely neglected.

Agricultural scientists generally are not
alarmed about pesticides harming soil ecology
in the near term. Current insecticides and her-
bicides are tested for their impact on soil biota.
They inhibit some biological processes and
suppress particular types of biota, but generally
the gross effect of each pesticide application
seems neither great nor long-lived.

Frequent applications of toxic chemicals
probably change the composition of soil biota
communities, favoring species that can adapt
to the new chemical environment. The impact
of these changes on long-term land productivi-
ty is not known. Because methods are not well-
enough developed to make practical differen-
tiation among microbe species in the field, and
soil invertebrates are seldom studied, the
cumulative effect of agricultural technologies
on productivity cannot be fully measured.

Soil Chemistry

The chemical composition of the soil also af-
fects land productivity. The nutrients that crop-
land and rangeland plants extract from the soil
come naturally from decomposing organic
matter, from the weathering of soil minerals,
and in the case of nitrogen and sulfur, from the
atmosphere. Nutrients are removed from the
land by harvesting crops, livestock, and dairy
products, and by erosion, leaching, and (in the
case of nitrogen) loss to the atmosphere. In ad-
dition, nutrients can be changed chemically or
be bound to soil particles, thus becoming un-
available to plants.

To replace depleted nutrients, farmers used
to apply manure and grow ‘soil-building”
crops such as clover in rotation with “soil-
depleting” crops such as corn. While manure
is still returned to the land where it is available,
it is almost always supplemented with various
commercial fertilizers. Moreover, in recent
years many farmers have shifted to cash-grain
operations, eliminating most or all of their live-
stock. Thus, modern farming depends heavily
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on nutrients provided by fertilizers from off-
farm sources.

On rangelands, erosion commonly removes
more nutrients than are naturally replaced.
Unlike crop farmers, however, rangeland man-
agers generally do not try to replace deficient
nutrients. Rather, they try to reduce erosion
rates to conserve the natural supply.

Wherever most of a farm’s production leaves
the farm, or accelerated erosion occurs, nutri-
ents are removed faster than nature can replace
them. Short-term nutrient supplies can be
maintained with commercial fertilizers, but the
profitability of fertilizer use may decline in
future years because the manufacture of fer-
tilizer depends on increasingly expensive fossil
fuel and other nonrenewable mineral re-
sources.

Technologies to deal with the long-term def-
icit in nutrient supplies include erosion con-
trol, developing cropping systems that use the
nutrient reservoir more slowly and efficient-
ly, and using special crop varieties and soil
biota to improve the availability of stored
nutrients.

Benefits Other Than Crops and Forage

Agricultural lands are managed to produce
crops and forage, but other, less quantifiable
services from the land are also vitally impor-
tant to the Nation’s well-being. These benefits
are often taken for granted or assumed to come

solely from nonagricultural land. The quality
of air, water, ground water, fish and wildlife
habitats, and esthetic and recreational areas is
directly related to croplands, pasturelands, and
rangelands.

Furthermore, an agroecosystem does not end
at the edge of a field or pasture, but includes
the boundaries—fences, hedgerows, wind-
breaks, nearby fallow fields, riparian habitats,
and adjacent undeveloped areas. As the quali-
ty and quantity of these areas is changed by
agricultural activities, the utilities obtained
from the land also change.

Land resources help maintain water and air
quality by cleansing water as it infiltrates into
ground water reservoirs, discharging relatively
clean water to streams and wetlands, cleans-
ing air of pollutants, and reducing the dust con-
tent of air. To a large extent, conditions that
enhance long-term productivity for crops and
forage also enhance air and watershed quali-
ty. For example, fertilizers increase plant
growth, thus increasing ground cover and re-
ducing erosion. But there are tradeoffs. Chem-
ical applications appropriate for sustaining
production can pollute streams, wetlands,
aquifers, or the atmosphere. Generally, existing
data bases are inadequate for determining the
best solutions to these dilemmas. Other signif-
icant utilities that society obtains from agricul-
tural lands, such as recreational, scenic, and
archeological resources, are even more difficult
to measure but are affected by changes in land
use and land quality.

SUSTAINING RANGELAND PRODUCTIVITY

There are approximately 853 million acres
of rangeland in the United States. Excluding
Alaska’s 231 million acres, over half the Na-
tion’s rangelands are seriously degraded and
suffer from reduced productivity caused by
overgrazing, mismanagement, and erosion.
Only 15 percent of the ranges in the contiguous
States are rated in good condition.

Current range problems have their roots in
early U.S. history. Throughout most of the arid
and semiarid regions in the West, overgrazing

damaged productivity within a few decades of
initial use. Because overgrazing effects are
most severe in dry areas where the land is least
resilient, range conditions now are worst in the
Southwestern States. Data are inadequate to
assess broad trends in range conditions. The
available erosion data, the findings of en-
vironmental impact statements, and the testi-
mony of experts suggest that productivity is
still being degraded and that present range
management practices may not sustain produc-
tivity.
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Overall, Federal ranges are in worse condi-
tion than private and State ranges because the
Federal Government owns more land that is
inherently less resilient and more arid. General-
ly, the Federal ranges are in static condition
or are continuing to deteriorate, while range
condition is improving on better situated non-
Federal lands.

Demands for rangeland products and serv-
ices are expected to increase sharply in the
next two decades, and these demands can only
be met through improved range management.
A variety of management technologies has
been developed to improve and maintain de-
teriorated rangeland. Broadly categorized,
these include:

¢ adjusting livestock numbers,

¢ controlling animal use with grazing sys-
tems,

¢ promoting desired plant species, and

¢ controlling noxious plant and animal spe-
cies.

Used in integrated systems with improved
fencing and water development methods, these
range management technologies could improve
and help sustain the Nation’s range resources.

Managing rangeland productivity for multi-
ple uses is the stated goal of Federal range ef-
forts. In practice, however, livestock produc-
tion is usually the dominant objective on both
Federal and non-Federal ranges. Translating
general multiple-use, sustained-yield objectives
from laws into achievable field objectives is ex-
tremely difficult, especially when two or more
legitimate uses of the land are in conflict. How-
ever, there are some technologies available that
focus on other than livestock production. These
include fish and game management tech-
niques, erosion control to decrease sedimen-
tation of streams and reservoirs, and vegeta-
tion manipulation to increase watershed yields.
Little information, however, is available on the
opportunities and problems offered by such
technologies.

SUSTAINING CROPLAND PRODUCTIVITY

The United States has about 413 million
acres of cropland, including about 230 million
acres of prime farmland. Productivity on these
lands can be damaged by a variety of processes
including compaction, salinization, inadequate
drainage, subsidence, changes in the chemical
composition of the soil, and erosion. These
problems can be caused or aggravated when
crop production is increased.

But agricultural production does not have to
be harmful to the quality of the land resource.
On the contrary, production and conservation
can be mutually reinforcing if appropriate tech-
nologies are developed and used. For many
sites, innovative farming techniques are avail-
able that maintain or even enhance inherent
land productivity without sacrificing short-
term profits.

These innovations are in various stages of
development. Conservation tillage, the most
promising of the new technologies, is being

adopted rapidly in certain parts of the coun-
try. Multiple cropping is already used to ex-
pand production in many regions. Organic
agriculture, drawing on both old and new
knowledge, offers alternative farming systems
with important conservation potentials. Com-
puter technologies and other developments in
communications, education, and farm plan-
ning are rapidly gaining importance. Cropping
perennial grains, on the other hand, is unlike-
ly to be practical before the 21st century. Simi-
larly, breeding crops for salt and other stress
tolerance is primarily a laboratory technology
at present. Eventually other new productivity-
conserving crops might come into use as meth-
ods and markets develop.

Although various innovative approaches to
conserving land productivity will become in-
creasingly important in the future, existing
conservation technologies will continue to play
a key role in good land stewardship. Contour
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farming,

stripcropping, shelter belts, crop
residue management, tillage management, ter-
races, and other traditional approaches to con-

servation have had and can continue to have
a widespread beneficial influence on many
acres of farmland.

Cropland Acreage

SOURCE: USDL, 1978

1 Dot = 25,000 acres

TECHNOLOGY ADOPTION

Developing and diffusing new agricultural
systems is a slow process. Advances in science
can accelerate the development of a new tech-
nique, but it still must be tested and adapted
to site-specific conditions before it can be
recommended to farmers. This need for exten-
sive testing and evaluation partly explains why
proponents of new technologies often consider
agriculture overly conservative. The conser-
vatism is also explained by chronic shortages

of research funds, facilities, and personnel.*
Although agricultural scientists are besieged
with new and different ideas, practicality
forces them to concentrate their limited re-
sources on promising avenues of research,

*Chronic funding shortages, research priorities, and other re-
search management issues are analyzed in a recent OTA assess-
ment, An Assessment of the United States Food and Agricultural
Research System, OTA-F-155 (Washington, D.C.: U.S. Govern-
ment Printing Office, December 1981).

]
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which generally means on marginal improve-
ments in conventional technologies.

Unfortunately, this approach can limit in-
novation. Scientists are protective of existing
projects and funding and seem reluctant to test
new ideas, especially if they come from out-
side the United States or from the trial-and-
error experience of farmers. For example, drip
irrigation techniques developed abroad were
initially treated with great suspicion and little
research here. It was only after many farmers
had begun using drip systems that USDA tested
the method and began to assist its develop-
ment. Similarly, rigorous testing of organic
farming techniques is still resisted by some
agricultural scientists.

Thus, while work on mainstream research
problems and priorities should continue, a
need exists for more rapid development of new
and innovative technologies. If this is to occur,
improved mechanisms must be developed to
screen and test new ideas. At present, such
ideas cannot compete for funding with the

major existing crops and systems that have
powerful constituencies among the electorate
and scientists.

Some conservation practices, such as conser-
vation tillage, have proven profitable, low cost,
and low risk, yet are not used by many farmers
whose land is suitable for and in need of these
practices. Many factors, including the personal
characteristics of the farmer or rancher and the
attributes of the technology, influence this deci-
sionmaking process.

Methods to encourage the adoption of con-
servation practices include: 1) information and
education programs; 2) economic programs
using subsidies, loans, privileged access to
resources, investment credits, and tax incen-
tives; and 3) regulations with economic and
legal sanctions. In many cases, these ap-
proaches have failed to motivate widespread
adoption because they have not been adapted
to particular groups of farmers with special
social, economic, resource, and management
capability circumstances.

GOVERNMENT’'S ROLE

Government policies and programs that af-
fect agricultural technology use and land pro-
ductivity generally fall into one of two
categories: 1) those that promote economic
goals, either by developing and promoting pro-
duction technologies or by manipulating short-
term economic factors; or 2) those that promote
conservation of natural resource productivity,
either by developing and promoting conserva-
tion technologies or by subsidizing investment
in conservation. The two types of Government
activities often operate simultaneously. Both
influence farmers’ decisions about technology
use and about resource conservation, but the
two influences are not always compatible.

Historically, economic programs supported
prices primarily by keeping land out of crop
production; hence no major effort was required
to integrate production and conservation pol-
icies. Now, with economic goals shifting to full

production, additional erosive or otherwise
fragile land is coming into production, mak-
ing the need for integration much more signif-
icant.

A number of hypotheses exist about how
commodity price supports, credit and in-
surance programs, and tax policies interact
with technology decisions and with the long-
term trends in land use that affect conserva-
tion. For example, agricultural support pro-
grams are said to be a cause of land price in-
flation. This leads to increased debt, which
reduces the economic flexibility that farmers
and ranchers need to invest in conservation
technologies. Some experts believe that com-
modity price supports and disaster insurance
programs have promoted unsustainable uses
of fragile land. It also appears that some tax
and credit policies make agriculture an attrac-
tive tax shelter for nonfarmer investors, en-
couraging absentee ownership and tenant
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farming. Although these kinds of relationships
between policy and productivity are often dis-
cussed, policy analysts and program adminis-
trators have few analytical tools to predict how
specific economic programs will influence
Jand productivity in the future.

Congressional mandates exist that direct
long-term resource appraisals to plan the
development of cropland and rangeland re-
sources. These processes are important for for-
mulating the policies that influence land pro-
ductivity. Both the Resources Planning Act
(RPA) and the Resources Conservation Act
(RCA) processes are gradually becoming more
useful for these purposes. Political controver-
sy over the findings has been a constraint, as
has the sometimes narrow scope of the ap-
praisals. For example, the RPA report scarce-
ly mentions rangeland soil erosion and the
RCA process failed to evaluate major Federal
conservation programs.

A major effort supporting conservation has
been the Agricultural Conservation Program,
a cost-sharing program that has distributed $8
billion since it was started in 1936. But Federal
cost-sharing programs for conservation prac-
tices are controversial. They have been criti-
cized for supporting production rather than
conservation and for not directing funds to the
most susceptible land. The cost effectiveness
of programs to prevent soil erosion and pro-
ductivity degradation could be improved if
more resources were directed toward those
lands that have the highest risk. However, such
redirections would be very imprecise until sci-
entists learned to assess more accurately the

relative effects of various productivity-
degrading processes.

One widely discussed proposal for integrat-
ing conservation policies with policies de-
signed to manipulate production is to make
participation in the subsidy, insurance, and tax
programs contingent upon adoption of conser-
vation practices. This “cross-compliance”
strategy loses force when strong export mar-
kets make price support programs less signifi-
cant. However, greater constraints on the ac-
cessibility of disaster insurance and agricul-
tural credit programs could contribute to some
conservation objectives. Any conservation
strategy that uses incentives or penalties must
be responsive to changing economic condi-
tions, to the need for continuous (v. single-year)
conservation management inputs, and to the
special circumstances of the farmers who work
fragile lands.

Some mathematical models exist to simulate
the interrelated aspects of the U.S. agricultural
system, and these can improve understanding
of the relationships between economic and
conservation policies. But these models are not
sufficiently developed or widely used for rig-
orous, comprehensive assessment of policy
alternatives. If resource sustainability is set as
an explicit goal of both the Government-funded
technology development programs and the
commodity and credit programs, and if pro-
duction enhancement is made an explicit goal
of the programs to develop and implement con-
servation technologies, it should become possi-
ble to improve agricultural production and in-
herent land productivity simultaneously.
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ISSUES AND OPTIONS

Congress has two main channels to affect
how technologies are developed and used to
sustain inherent land productivity: 1) through
legislation, including budget appropriations, to
establish new programs or to change existing
ones; and 2) through committee oversight of
how existing laws and programs are adminis-
tered. This assessment found that existing agri-
cultural legislation does provide a sound base
for the Government activities that are needed
to accelerate the development and promotion
of productivity-sustaining technologies. Con-
sequently, many of the options for congres-
sional activity are related to congressional
guidance and oversight functions rather than
new legislation.

Opportunities for congressional action can
be categorized under five policy issues.

integrating Conservation Policy With
Economic Policy

Because agricultural production and conser-
vation of inherent productivity are not mutual-
ly exclusive, it should be possible to establish
farm economic policies that include conserva-
tion goals and to analyze the interactions of
current and proposed conservation and eco-
nomic programs. Options for accomplishing
these ends include: 1) accelerating the develop-
ment of analytical policy models that could be
used in the existing RCA and RPA programs
to evaluate policy alternatives, and 2) establish-
ing a policy analysis office within USDA that
would develop a systematic process to assess
how agricultural policies affect inherent land
productivity.

Iimproving the Effectiveness of
Federal Conservation Programs

The Government’s conservation investments
could be more effective if they were concen-
trated on land where productivity degradation
is greatest and on the most effective technolo-
gies. However, there is political resistance to
redistributing program efforts and funds, and

substantial debate is likely to continue. The
redistribution of Federal conservation efforts
now occurring is expected to concentrate ef-
forts on those sites where soil loss is highest.
Improved analysis of the site-specific relation-
ships among erosion, other productivity-de-
grading processes, yield, and associated vari-
ables eventually should enhance the cost effec-
tiveness of the program redistribution.

Conservation practices and production tech-
nologies with proven effectiveness for sustain-
ing productivity are not being used on many
sites where they are needed. Farmers and
ranchers often are not convinced that available
conservation practices or productivity-sustain-
ing approaches are profitable or technically
feasible for their particular situations. The
problem is one of demonstration and educa-
tion; therefore, Congress could improve pro-
gram effectiveness by mandating in-service
training and other programs that would en-
hance the capabilities of Federal, State, and
private sector agents to transfer technologies.

Enhancing Federal Capabilities To
Develop Innovative Technologies

Farmers and ranchers correctly perceive that
there are many sites that simply cannot sustain
profitable use with the conservation technol-
ogies now available. Hence, there is a great
need for technology innovation and Congress
could act to accelerate the development of
productivity-sustaining technologies. Congress’
options include: 1) encouraging the federally
sponsored research network to make resource
sustainability an explicit goal for their research
programs and projects, and 2) directing par-
ticular USDA agencies and programs to eval-
uate and test innovative technologies that may
be outside the scope of mainstream research
efforts.

Reducing Pressure on Fragile Lands

Some land now in row crops and small
grains, and some overgrazed rangelands, will
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not be able to sustain their current uses but
could be converted to uses more compatible
with the land’s inherent capability. However,
short-term profits from the sustainable uses are
often so low that farmers cannot afford the con-
version. Thus, Congress has the option to es-
tablish a limited set-aside program to compen-
sate farmers for such conversions. The pro-
gram could pay farmers the difference between
what the land would earn from its most prof-
itable, productivity-sustaining use and what it
now earns from the resource-consumptive use.
In the long run, as new technologies are devel-
oped, the need for such a subsidy could de-
cline. Another long-term option that could re-
duce pressures on fragile lands would be to en-
courage agricultural development of resilient
potential croplands and grazinglands that are
in other uses now or are virgin.

Encouraging State Initiatives

Since soil erosion was recognized as a crit-
ical issue in the 1930’s, most efforts in soil con-
servation have been organized at the Federal
level. Recently, however, several States have
taken important initiatives and have developed
effective programs in cost sharing and other
conservation approaches. The Fedéral Govern-
ment is cooperating in these efforts, but there
are other opportunities to enhance existing
State programs and to encourage similar de-
velopments in other States. The options range
from low-cost efforts that would facilitate com-
munication among States to funding arrange-
ments that would reimburse States for part of
the cost-sharing expenses.
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“Shoestring” erosion on very poor condition rangeland

Photo credits: USDA— Soil Conservation Service
Row erosion in cornfield caused by heavy rains







Land Productivity Problems

A variety of processes can damage the pro-
ductivity of the Nation’s croplands and range-
lands. The greatest threat to land productivity
is erosion, but other influences can also be im-
portant. Compaction and inadequate drainage
can reduce crop yields. Salinization can force

lands out of production. Withdrawing too
much water from ground water supplies can
limit future agriculture. Land subsidence,
whether related to ground water withdrawal
or other factors, can harm productivity with
no hope for restoration.

Congress first appropriated funds to study
soil erosion in 1928. Research stations were
established and both the process of erosion and
its effects on crop yields were studied exten-
sively. By the early 1950’s, many studies in-
dicated how much yields would be reduced
with each inch of topsoil lost. U.S. Department
of Agriculture (USDA) officials, judging the
data to be adequate on that aspect of the prob-
lem, closed out most of the research on how
erosion affects yields. But because there has
since been a revolution in agricultural meth-
ods, the old data on yield reductions are inade-
quate for decisionmaking by Government or in-
dividual farmers.

Research on the causes and rates of erosion
and on techniques for controlling erosion did
continue after the closing of the erosion re-
search stations, as much because of concern
about erosion-caused water pollution as be-
cause of concern about agricultural productiv-
ity. Thus, much is known about methods and
direct costs of controlling erosion, but very lit-
tle about the benefits of such investments or,
conversely, about the short- and long-term
costs of allowing erosion to continue at its pres-
ent accelerated rates.

The Mechanics of Soil Erosion

Water and wind cause soil erosion. The force
of raindrops striking exposed earth detaches
soil particles, which are then carried away if

the water runs off the surface rather than soak-
ing into the soil. Even without the force of rain-
drop splashes, runoff water can detach and
carry away soil. Thus, the exposure of bare soil
and the rates and volumes of overland water-
flow are the critical factors in water-caused
erosion.

There are four major categories of water-
caused erosion: 1) sheet erosion is the removal
of a soil layer of fairly uniform thickness by
runoff water; 2) rill erosion occurs as small
channels form on the soil surface; 3) gully ero-
sion is an advanced state of rill erosion, where
the channels become deeper than 1 ft; and
4) streambank erosion is the process of stream
widening. Of these types, sheet and rill erosion
cause the most damage.

Most serious erosion by water occurs where
land has one or more of the following charac-
teristics, and erosion control generally involves
modifying these:

¢ steep slopes or long slopes that allow run-
off water to gain momentum;

¢ exposure of tilled, bare soil without pro-
tection by cover crops or organic residue.
This often occurs between the harvesting
of one crop and the establishment of the
next crop’s leaf canopy;

¢ row crops alined up and down steep or
moderate slopes;

e runoff from upslope pastures flowing
across cropland;

23
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e poor water absorption and poor drainage
that result in less water entering the soil
and more water running off;

e poor stands of low-quality vegetation; and

¢ lack of vegetation along streams.

Wind causes erosion when it blows across
poorly protected soil with enough force to lift
and move soil particles. Drier and more finely
granulated soil is more susceptible to wind ero-
sion. Since soil is driest and vegetation poorest
during droughts, which are characteristic of
the Great Plains and Western States, this is
where the highest wind erosion rates occur. As
recently as 1977 several drought-stricken re-
gions experienced severe duststorms. Soil sur-
faces stripped of vegetation for dryland farm-
ing and overgrazed rangeland provided much
of the soil for these recent storms (Wilshire, et
al., 1980) as they did for the infamous dust bowl
storms during the prolonged drought of the
1930’s.

Although eroded soil is commonly described
as “lost,” it does not in fact vanish. Much of
the soil moved by water remains in the same
field, but farther down the slope. The portion
of the soil that is actually lost from cropland
or forage-producing land varies from one site
to the next, depending on the shape of the
slopes and other factors. On the average, about
one-fourth of the cropland soil moved by water
erosion each year becomes sediment in streams
and about 8 percent reaches the ocean (Miller,
1981). The fate of wind-carried soil is less well-
known, but the reported wind erosion rates do
not always represent net losses from the af-
fected region.

With both wind and water erosion, the ma-
terial that is most likely to be lost is the best
part of the soil: water soluble plant nutrients,
lightweight organic matter, and tiny clay par-
ticles, which have the highest ability to store
fertilizers and naturally occurring nutrients.
These are moved first and farthest by both
wind and water erosion.

The soil that moves downslope in the field
is less fertile and more subject to drought than
it was before it was moved. How croplands and
rangelands are generally affected by deposits

of such soil is not well understood. Nutrients
transported with the eroded soil may benefit
the site where the soil is deposited, but, con-
versely, superior soils may be buried by inferior
material. Further, drainage can be impeded by
deposited soil and soil particles carried by the
wind can severely damage vegetation and
cause partial or complete loss of crops.

Erosion is a self-reinforcing process. It low-
ers the fertility and water-holding capacity of
the soil by removing nutrients and organic mat-
ter. As a consequence, plant growth is less and
the soil is less protected. So the erosion acceler-
ates more and more, unless the cycle is broken
by a change in farming practices or a change
in land use.

Estimating Soil Erosion Rates

The universal soil loss equation (USLE) re-
lates measurements of five variables to estimate
water-caused sheet and rill erosion. The vari-
ables are: precipitation; erosion potential of the
soil type (which depends on texture, structure,
and organic matter content); length and steep-
ness of slope; type of plant cover and manage-
ment conditions (tillage); and supporting prac-
tices for erosion control (e.g., terraces, contour
farming, and stripcropping).

Research on USLE began in the 1940’s, and
by 1965 Soil Conservation Service (SCS) per-
sonnel were able to use it to estimate sheet and
rill erosion rates accurately on most unirri-
gated croplands and to predict how erosion
would be affected by changes in management
or by specific conservation measures. Since
1965, more sophisticated computer models
have been developed for more precise esti-
mates, but USLE remains the most important
technique because it is based on a pragmatic
set of measurements and the calculations can
be done on site. USLE has been adapted for
erosion estimates on other land uses, but still
needs refinement for conditions such as ir-
rigated land and for atypical sites where soils
are highly weathered (e.g., the Caribbean
islands), poorly drained with long slopes (e.g.,
the Mississippi Delta), or where precipitation
is atypical (as in parts of the Western States
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where most erosion is caused by snowmelt run-
off). Recently, USDA increased the research
budget for the soils laboratory at Purdue Uni-
versity to further refine USLE.

A similar equation to estimate wind erosion
EQ) uses measurements of five variables:
soil erodability, soil ridge roughness, climate,
width of field, and vegetative cover. Estimates
from WEQ are not considered to be as accurate
as the USLE estimates and fewer SCS person-
nel are expert in its use. Consequently, wind
erosion data are lacking for much of the United

States.

USLE and WEQ have vastly improved the
reliability of erosion data for every level of con-
servation decisionmaking. Conservation plans
for specific farms rely heavily on erosion rate
predictions to indicate the appropriate level of
management conservation structure invest-
ment. At the regional and national level, the
equations are now used in the National Re-
source Inventory (NRI) conducted periodical-
ly by SCS to collect information for Govern-
ment policymaking.

The accuracy of the NRI data depends not
only on the USLE and WEQ equations but also
on the design of the sample survey that deter-
mines what fields are measured for the inven-
tory. The first year that the equations were pro-
viding accurate estimates for the national
survey was 1967, but the sampling procedure
was flawed and the 1967 data are not con-
sidered to be reliable for comparison to more
recent data. The 1977 NRI was the first na-
tional survey to use a valid sampling procedure
and the modern equations. The next NRI is un-
der way in 1982. Until the 1982 data are avail-
able, the only reliable set of data on erosion
rates at the national scale are from the 1977
NRI.

The 1977 NRI data are considered accurate
estimates of sheet and rill erosion on croplands
and pasturelands for most States, rough esti-
mates of sheet and rill erosion on rangelands
in the Western States, and fair estimates of
wind erosion in the 10 Great Plains States.
Wind erosion in the other States and gully and
streambank erosion in general are not well
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covered by that NRI. The 1982 NRI will im-
prove on those weaknesses, and the data for
sheet and rill erosion are expected to be com-
parable for the two surveys. Unless otherwise
indicated, erosion rates cited in this report
refer to the NRI estimated amount of soil
eroded (in tons per acre) in 1977.

Magnitude of Soil Erosion

Water-caused erosion on non-Federal land
totals about 5 billion tons per year. Of that, 5
percent is from roads and construction sites,
6 percent from gullies, 11 percent from stream-
banks, 3 percent is sheet and rill from pasture-
land, 8 percent is sheet and rill erosion from
rangelands, 38 percent is sheet and rill erosion
from croplands, and the remaining 29 percent
is sheet and rill erosion from forests and other
land. Thus, the greatest sheet and rill erosion
occurs on the 413 million acres of cropland.

No similar national data exist on wind-
caused erosion. For the 10 Great Plains States
where the wind erosion is greatest, an esti-
mated 1.5 billion tons of soil are moved by the
wind each year (fig. 1). Of that, 45 percent is
from the 10 States’ rangelands, and 55 percent
is from the croplands (table 1).

Erosion occurs on nearly all the Nation’s 413
million acres of cropland, but a high propor-
tion of both water- and wind-caused erosion
is concentrated on a relatively small propor-
tion of the land. The national average sheet and
rill erosion rate on cropland is 4.7 tons per acre
(USDA, NRI, 1980), but much of the land is
eroding more slowly than this. Half the crop-
land has sheet and rill erosion rates of 2 tons
per acre or less. At the same time, the most
rapidly eroding 2 percent of the land has ero-
sion rates over 30 tons per acre and accounts
for 25 percent of all the sheet and rill erosion
from cropland (see table 2).

The distribution of wind erosion over the
landscape is similarly uneven. In the Great
Plains States, wind erosion on croplands aver-
ages 5.3 tons per acre, but some 53 percent of
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Figure 1.—Average Annual Wind Erosion
(tons per acre) on Non-Federal Rangeland in the
Great Plains States

NOTE: The average is 1.8 tons per acre.
SOURCE: 1977 National Resource Inventories.

the erosion occurs on 9 percent of the land.
This highly fragile cropland erodes at rates
over 14 tons per acre.

Pastureland

Pasture is land where planted grasses, leg-
umes, or other herbs are managed to produce
forage. It is seldom tilled, so it has a perennial
vegetative cover. Because the land must be rel-
atively well watered to repay the investment
in management, the vegetative cover is typical-
ly abundant enough to protect the land from
accelerated erosion. Thus, the national average
erosion rate on pastureland is 2.6 tons per acre.
Higher rates of pastureland erosion that do
occur are concentrated on a relatively small
part of the land, where poor management,
steep slope, low moisture-holding capacity or
drought are typical. Most of the pastureland
has sheet and rill erosion rates below 2 tons,
while the 11 percent of the land with rates over
5 tons accounts for half of the total sheet and
rill erosion on pastureland. Wind erosion on
pastureland is generally insignificant, but
damage is reported occasionally, especially
where overgrazing or drought destroys the
plant cover (table 3).

Approximately half the grazing capacity of
private lands in the United States is on pasture.
Erosion threatens relatively little of this land,
but improved management—more fertilizing,
liming, reseeding, and better livestock manage-
ment—could increase forage production by as

Table 1.—Wind Erosion on Cropland and Rangeland® in the Great Plains States, 1977

Cropland Rangeland?®
Erosion, tons per acre per year Erosion, tons per acre per year
State 2 249 5-14 14 2 2-4.9 5-14 14 Total
(1,000 acres)

Colorado.................. 4,849 1,788 2,037 2,419 23,258 55 82 406 34,894
Kansas.................... 19,816 3,946 3,786 1,258 15,765 112 112 287 45,082
Montana.................. 8,177 3,747 2,657 774 38,834 — — — 54,189
Nebraska.................. 17,698 1,625 1,016 360 21,626 234 46 95 42,700
New Mexico............... 720 346 659 557 27,316 4,841 5,282 4,657 44,378
North Dakota.............. 18,719 5,598 2,486 110 10,393 48 58 65 37,477
Oklahoma................. 8,233 1,379 1,543 628 14,537 15 14 — 26,349
South Dakota.............. 9,873 5,620 2,356 343 22,191 7 - — 40,354
Texas.....oovevniennnnnnn. 12,982 1,962 6,249 9,246 85,749 2,539 2,784 4,329 125,840
Wyoming.................. 2,112 271 527 60 24,947 403 281 538 29,139

Grand total.............. 103,179 26,282 23,316 15,755 284,616 8,254 8,669 10,377 480,402

8Non-Federal rangeland only.
SOURCE: 1977 National Resource Inventories.
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Table 2.—Annual Sheet and Rill Erosion on Cropland and the Amount of
Erosion in Excess of 5 Tons per Acre, by Erosion Interval, 1277

Total erosion Cumulative

Total sheet in excess of 5 percentage of
Cumulative  and rill erosion  Cumulative tons per acre erosion in
Erosion interval Total acres percentage (millions percentage (millions excess of 5
(tons per acre) (millions) of acreage of tons) of erosion of tons) tons per acre
01 .vnvnmennrnees 131.6 31.8 49.2 26 0.0 0.0
12 e 74.6 49.8 1106 8.3 0.0 0.0
2.3 515 62.3 127.5 14.9 0.0 0.0
3k 35.9 71.0 125.0 21.4 0.0 0.0
B-5. et 26.0 77.3 116.3 27.4 0.0 0.0
[ PR 17.6 81.6 96.2 324 8.2 0.9
-3 12.6 84.6 81.8 36.6 18.6 29
X . J 9.3 86.9 69.4 40.2 23.0 5.4
- X - JP 7.3 88.7 62.0 43.4 254 8.1
910, . .connnnennnn 5.8 90.1 54.6 46.2 25.8 10.9
10-11. e 4.8 91.3 50.2 48.8 26.3 13.7
11120t 3.7 92.2 431 . 51.0 24.4 16.3
12413, e 3.0 92.9 36.9 52.9 221 18.7
1314, oot 28 93.6 371 54.8 23.3 21.2
14-15. . .0 et 24 94.2 34.6 56.6 22.7 23.6
15-20. . i 7.8 96.1 134.8 63.6 95.8 33.9
20-25. . i 4.4 97.1 98.0 68.7 76.0 421
25-30. ... i 2.9 97.8 80.6 72.9 65.8 49.2
30-50. .. ..cieiennn 5.5 99.1 209.9 83.8 182.4 68.8
50-75...cccvnnnnnnn 23 99.6 133.8 90.7 1225 82.0
75-100. ... ccieinnnn 0.8 99.9 64.4 94.0 60.6 88.5
100+ . cveennnnnnnns 0.7 100.0 109.8 100.0 106.3 100.0
Total............ 413.3 1,925.8 929.2

SOURCE: 1977 National Resource Inventories.

much as 50 percent (USDA, 1981) while reduc-
ing erosion. Unfortunately, a more likely sce-
nario is that a significant part of the land used
for pasture in 1977 will be converted to use for
row crops and small grains, and that this shift
will cause a significant increase in erosion on
that land (Miller, 1981).

Rangeland is land where the natural plant
cover of grass, forbs, or shrubs produces for-
age for livestock and wildlife, but where man-
agement is typically limited to manipulations
of livestock grazing patterns. Reseeding, fer-
tilization, tillage, and other inputs are uncom-
mon. Erosion is the major force degrading the
inherent productivity here, too.

Because rangeland is located in the arid and
semiarid Western States and in Alaska, climat-
ic limitations on plant growth make the land
highly susceptible to any misuse that leaves the
soil exposed to wind, rain, and snowmelt run-

off. Overgrazing is the most common misuse
of rangelands. It causes partial or complete de-
struction of the grass cover. The overall condi-
tion of U.S. rangeland is discussed in chapter
III.

Sheet and rill erosion on the 414 million
acres of non-Federal rangeland averages 2.8
tons per acre (see table 4 and fig. 2). As on
croplands and pastureland, much of the ero-
sion is concentrated on a relatively small part
of the land. The sheet and rill erosion rate is
over 5 tons on the most rapidly eroding 12 per-
cent of the land. That 12 percent accounts for
57 percent of total sheet and rill erosion on non-
Federal rangelands.

Neither is wind erosion evenly distributed on
rangelands. Most non-Federal rangeland has
wind erosion rates of less than 2 tons per acre,
but the most susceptible 3 percent of the land,
eroding at 14 tons and more per year, accounts
for 31 percent of the total wind erosion.
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Table 3.—Sheet and Rill Erosion on Pastureland, by State (excluding Alaska)

USLE, tons per acre per year

State <2 249 5-13.9 14+
1,000 acres
Alabama.............cciiiiiii. 3,681 321 120 —
Arizona. ...t 1 — — -
ArKansas. .........covuivinunennnnann 3,765 838 599 426
California.........cooiveinnnnnnn. 1,028 57 38 4
Colorado. .....covviviiiiiiiinennn, 1,317 128 107 46
Connecticut...............ooiia... 103 6 3 —
Delaware............ccoviiiinenan.. 21 1 1 —_
Florida........cooiiiiiiiiiininan. 5,399 89 55 —
Georgia. .....oviiiiiii i 2,960 221 40 13
Hawaii.......covviiniiiiiiinnnnn, 596 201 113 82
Idaho. .. .ot e 1,058 — 6 45
LT o -3 2,013 412 350 295
Indiana............coiiiiiiinan, 1,480 258 239 170
lowa. ..o e e e 3,101 678 573 178
Kansas.......coiiiiiinnnnnnnnnn. 2,071 413 144 73
Kentucky........coovviiniiian. 3,624 835 686 590
Louisiana..............ccoiiii. 2,759 107 59 20
Maine........ccoiiiiii i 246 —_ 3 —
Maryland................ciiiiia, 388 60 25 13
Massachusetts..................... 85 3 3 -
Michigan............ ... .. it 1,116 76 24 14
Minnesota................. ... ..., 2,752 77 44 16
Mississippi....ccooviiiiiiiiiiin., 2,994 589 279 179
Missouri...........oiiiiiiiia... 8,352 1,881 1,747 843
Montana...........c.ccoiiiiiinnnnn, 2,528 80 4 35
Nebraska.......................... 2,120 422 227 130
Nevada...........cooiiiiininnnnn. 260 — 38 —
New Hampshire..................... 95 — — —
New Jersey...........ccovviunnn.. 139 1 — 4
New Mexico.............ccoivnvnnn.. 341 1 — 40
New York..........coviiiiiannan. 2,050 130 75 31
North Carolina...................... 1,607 252 163 8
North Dakota.............covvuunnn. 1,514 30 — —
[ 1 1 1 1o T 1,749 377 311 178
Oklahoma.............covvivennn... 7,064 1,132 440 77
Oregon......cviiiiiiiiiiiiianns 1,678 84 5 —
Pennsylvania....................... 1,386 206 118 87
Rhode Island....................... 16 2 - —
South Carolina...................... 1,185 28 24 5
South Dakota....................... 2,384 21 8 —
Tennessee.........ccoeviininennnnn. 3,920 964 405 185
I3 € ¥ 2 15,942 1,780 857 189
Utah. ...t 580 46 — —
Vermont...............oiiiiiiia, 456 34 3 12
Virginia.......oooiiiii i 2,114 475 434 251
Washington................ ... ..., 1,215 21 16 —_
West Virginia....................... 835 351 486 365
Wisconsin...............coiiun.. 2,173 313 202 50
Wyoming.......cooviiiiiinnnnennn 701 25 10 —
Total United States................ 104,972 14,026 9,084 4,654
Caribbean................ccoiviann.. 289 107 173 294
Grandtotal ....................... 105,261 14,133 9,257 4,948

SOURCE: 1977 National Resource Inventories.
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Table 4.—Sheet and Rill Erosion on Rangeland,? by State, 1977

Rangeland
Erosion, tons per acre per year
<2 2-4.9 5-13.9 14+

State 1,000 acres
Alabama...- -7 - _ _ _
Alaska.....-- T 25,544 5,417 3,981 149
Arizona. .-« T 90 61 53 44
Qmﬁﬁéﬁ ORI 9,607 2,439 3,049 2,459
P L T 1 5_,_659 3567 2386 1 £89
CoNNECHICUL. « .o neereee e - ~ - -
DEIAWArE. . . - e vvrns s
FIOPIAA. o vcererreemnnnnnessenees SLOOZ _15 : :
Georg_ia ............................ — - — -
Y | P AR
TN T R 6;315 _171 89 14
MHNOIS. v v errennnme s ees - —
INdiANa. . .coveee e - — — -
JOWA. .o vve woesrennnnssesensananann — — —_ —
KANSAS ... «vvernrenneennneennnnnns 11,692 2,470 1,643 471
KeNtUCKY ..o oviee e - — — —
LOUISIANA. c oo 326 —_ — —
Maine......covennmeernnennaiaan, - — —_ —
Maryland. .....ccoeviniiiiiiian — —_ — —
Massachusetts..................... — — — —
Michigan........coeviinnnennennn — — — _
Minnesota.........ociiiiiii. 110 - —_ —
MISSISSIPPI. - o veviiiiiie i 15 10 — 5
MiSSOUrM ..o iviiiieenarinennennenn 35 — _ _
MONEANA. .o oot iieeiieeineennnnns 32,088 3,609 2,110 1,027
Nebraska........ooveveunennennnnnns 15,378 4,129 1,953 541
Nevada......ooveierennernnennnnens 4,970 1,199 1,074 108
New Hampshire..................... — —_ — —
New Jersey..........covvvuvinennnnn - —_ — —
New MexXiCo........ovvvienvnnnnnnnn 33,896 5,190 2,195 815
New YorkK..........coiiiiiinnnnnnn - —_ —_ —
North Carolina. ..................... — — — —
North Dakota....................... 9,736 394 229 205
Ohio. i — — — -
Oklahoma...............ccevvnnn.. 10,954 2,095 1,095 422
(77T T 1 1S 8,615 1,195 285 15
Pennsylvania....................... - —_ - -
Rhode Island....................... - - - -
South Carolina...................... - —_ - -
South Dakota....................... 19,496 1,489 947 266
Tennessee...............cccovvnn.. — - - -
TeXas....oooviiiiiiniii i, 74,009 10,427 6,158 4,807
Utah............... ..., 7,271 1,090 646 378
Vermont....................ooo.... - — — —
Virginia............................ - — — —
Washin_gton ........................ 4,580 926 444 91
West Virginia....................... - — —_ —
Wiscopsin ......................... 4 - — —
Wyoming.......................... 19,547 2,670 2,779 1,173

Total United States................ 312,939 48,863 31,316 14,679
Caribbean.......................... 1 1 8 44

Grandtotal....................... 312,940 48,874 31,324 14,723

8Non-Federal rangeland only.
SOURCE: 1977 National Resource Inventories.
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Figure 2.—Average Annual Sheet and Rill Erosion on Non-Federal Rangeland, by State (tons per acre)

NOTE: The national average is 2.8 tons per acre.
SOURCE: 1977 National Resource Inventories.

Potential Croplands

As export demand for U.S. crops continues
to grow, the Nation will see changes in crop-
ping patterns and gradual increases in the acre-
age farmed (CEQ-NALS, 1981). Between 1969
and 1980, for example, increased demand
caused a 22-percent increase in the acreage
planted to crops in this country. Land in row
crops increased by nearly 50 million acres,
while wheat alone increased by 27 million
acres. The amount of cropland planted to row
crops grew from 40 to 53 percent (fig. 3).

Generally, the best croplands are already in
use, so the land available for conversion to

cropland is inherently less suitable for farm-
ing. Thus, increased erosion can be expected
as these more susceptible lands are brought
into use. In one study designed to examine this
issue, Miller (1981) used the 1977 NRI data to
project sheet and rill erosion rates that would
occur on potential cropland should these lands
be cultivated for row crops and small grain
crops.

First, the study looked at the 69 million acres
of land classified as cropland that was actual-
ly being used for rotation hay, pasture, or other
uses. If this land was converted to row crops
and small grains and cultivated with conserva-
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Figure 3.—Acreage for Domestic Use and Export, 1940-80
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SOURCE: “Changes in Farm Production and Efficiency,” USDA. Preliminary '78-80 data —Economics and Statistics Service.

tion tillage, it was projected to erode an average
of 9.9 tons per acre. This is 83 percent higher
erosion than current rates for row crop and
small grain cropland.

Next the study examined acreage with high,
medium, and low potential for conversion to
cropland (table 5). “High potential” land is land
with favorable physical characteristics where
there is evidence of similar land nearby having
been converted to cropland. There were 39 mil-
lion acres of such land in 1977, most of it in
use as pasture. If conservation tillage were
used to bring high potential land into row crop
and small grain production, the expected aver-

Table 5.—Potential for Cropland use According to
the 1977 National Resource Inventories (SCS)
(millions of acres)

High Medium Low Zero

Pastureland........ 18 33 47 35
Rangeland......... 9 30 98 271
Forestland......... 7 24 109 230
Other.............. 2 4 15 51

Total............ 36 91 269 587

SOURCE: National Agricultural Land Study (1981).

age erosion rate would be 6.5 tons per acre, 20
percent above the current average erosion rates
for row crop and small grain cropland.

If conservation tillage were used to bring the
87 million acres described as having “medium
potential” for conversion to croplands into pro-
duction, the expected average erosion would
be 9.6 tons per acre, 77 percent more than the
current average erosion.

The actual amount of land that will be con-
verted to crops in the future depends both on
demand and on how successful improved man-
agement and technologies are in increasing
yields from the cropland already in use. An
estimated 36 million to 143 million acres of ad-
ditional cropland may come into production
by 2000 (Cook, 1981). Ideally, the first land con-
verted would be that with the lowest erosion
potential. But analysis indicates that on the
average the lands that are available for conver-
sion are substantially more susceptible to ero-
sion than the lands already in use, so erosion
will increase. The newly cropped land will con-
tribute greatly to the Nation’s production of
wheat, corn, and soybeans, but the cost in
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terms of soil losses and water pollution may
be substantial.

Areas With High Erosion Rates

Every year, the Nation’s row crop and small
grain cropland erodes at an average rate of 5.4
tons per acre. Yet topsoil is thought to form at
a rate of only 0.5 ton per acre or less. Thus,
even though knowledge of soil formation rates
is grossly inadequate, it appears that soil is lost
at least 10 times faster than it is formed (Lar-

.son, 1981). Agricultural areas experiencing
high erosion have been identified in most parts
of the United States (fig. 4). Some of the impor-
tant high erosion areas include:

Hawaii.—After native vegetation has been
stripped from semitropical soils for cultivation,
the soils are susceptible to sheet and rill ero-

sion under heavy rains, especially on sloping
land. In 1977, Hawaii cropland eroded at an
average annual rate of 14.2 tons per acre.

Southern High Plains.—Dryland and irri-
gated cotton farming dominates this region of
western Texas and eastern New Mexico. The
loamy soils are susceptible to wind erosion,
especially during winter and early spring wind-
storms when the fields are bare. Annual wind
erosion here averages 20 to 50 tons per acre.

The Palouse Basin.—This region covers parts
of eastern Washington and adjacent Idaho
along the western border of the Idaho pan-
handle, and is dryfarmed for wheat, barley,
peas, and lentils. Most of the cropland is hilly
and possesses erosive loess* soil with slopes
" *Loess is a fine-grained, wind-deposited sediment of glacial

origin that was formed some 10,000 years ago, whose composi-
tion and texture is reasonably homogenous.

Figure 4.—Cropland Sheet and Rill Erosion, 1977

One dot equals 250,000 tons

of soil eroded annually; total annual
soil loss equals 2 billion tons.
Most serious sheet and rill erosion occurs in the
Corn Belt and Delta States and west Tennessee.

SOURCE: 1977 National Resource Inventories.
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Photo credit: USDA—Soil Conservation Service

Critical erosion on summer fallowed land in the Palouse Basin near W. Colfax, Wash.

from 15 to 25 percent. Runoff from melting
snow and heavy rains causes erosion of 50 to
100 tons per acre.

Texas Blackland Prairie.—This region com-
prises an important farming area in east-central
Texas. Two-thirds of it is cropped mainly in
cotton and grain sorghum. Rainfall averages
30 to 50 inches and the terrain is gently roll-
ing. Many of the region’s soils are highly erod-
ible; sheet and rill erosion averages 10 to 20
tons per acre per year.

The Corn Belt States.—Iowa cropland eroded
(sheet and rill) at an average rate of 10 tons per
acre in 1977, Illinois cropland at 6.8 tons per
acre, and Missouri cropland at 12 tons per
acre.

Southern Mississippi Valley.—The soils of
this area are deep, fertile, and erodible. Much

of the cropland is sloping, some steeply, and
row crops are grown without adequate conser-
vation practices. In 1977, Tennessee cropland
experienced average sheet and rill erosion of
17 tons per acre, and Mississippi cropland 11
tons per acre.

Aroostook County, Maine.—Potatoes are
grown here on lands with slopes up to nearly
25 percent. Since cultivation began, the upper
2 ft of soil have been lost to erosion. Some slop-
ing fields are losing as much as an inch of soil
per year.

The Caribbean.—Agricultural soils in Puerto
Rico and the Virgin Islands are eroding at ex-
tremely high rates. The 1977 NRI indicates that
cropland here experienced average sheet and
rill erosion of 49 tons per acre, and rangelands
50 tons per acre.
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Effects of Erosion on Crop Production

Soil erosion reduces inherent land productiv-
ity in a variety of ways:

¢ loss of soil organic matter and of fine clays,
and, thus, loss of plant nutrients and nutri-
ent-retention capacity;

¢ loss of a soil’s water retention capacity as
organic matter is removed and soil struc-
ture deteriorates; and

¢ loss of rooting depth as soil becomes thin.

In the absence of fertilization (whether by
commercial products or by animal or green
manure) or the application of other capital in-
puts, crop production suffers as erosion pro-
gresses. Numerous studies have documented
this phenomenon, but few of them have been
conducted since the 1940’s.

As the National Soil Erosion-Soil Productiv- .

ity Research Planning Committee of USDA has
explained (Williams, et al., 1981), there are two
reasons for the lack of research on the effects
of erosion on crop production: 1) such ex-
periments are costly and time-consuming and
years of data are needed to evaluate the effects
of the generally slow process; and 2) crop pro-
duction has been adequate in the past, resulting
in little incentive for investment in this type
of research. A few recent field experiments
demonstrate that erosion can drastically reduce
crop yields. However, climatic characteristics
vary widely throughout the United States and
have important effects on both soil erosion and
crop production. Therefore, research con-
ducted in one physiographic land area often
cannot be generalized.

Some studies have examined the relationship
between soil erosion and crop yields. But this
is not necessarily the same as the relationship
between soil erosion and productivity because
technology can mask the impacts of erosion.
Excessive erosion may or may not change crop
yields but it invariably requires farmers to ap-
ply more inputs (including fertilizers, seeds,
pesticides, irrigation, etc.). Substituting tech-
nology for soil entails a real cost because of the
value of the resources, such as energy, used.
Such substitutions could become more difficult

if escalating energy prices make fertilizer, ir-
rigation, and other inputs even less affordable
to farmers. Thus, there are hidden and very
poorly quantified costs associated with erosion,
and these costs are not reflected by crop yields
alone.

The studies that document the relationship
between erosion and yields can provide a
rough indication of the effect of current farm-
ing practices on inherent land productivity.
Hagan and Dyke (1980) compared estimated
yields on eroded and noneroded sloping soils
using data from SCS soil surveys. For the Corn
Belt, they estimated that for each inch of “A”
horizon (topsoil) lost through erosion, corn
yields were reduced by 3 bushels per acre.
Other evidence shows that as soil erodes and
changes from the slightly eroded to the severely
eroded class, yields are reduced 23 bushels per
acre for oats, and 1.1 tons per acre for hay
(McCormack and Larson, 1980).

In western Tennessee, crop yields from se-
verely eroded Memphis loam formed on thick
loess were 14 percent less than yields from the
same noneroded soil. Yields from severely
eroded Granada soil were 26 percent below
those from its noneroded equivalent and the
yields from the severely eroded Brandon soils
were 50 percent less (table 6). Table 7 shows
the direct relationship between topsoil losses
and decreased corn yields.

Note, however, that studies conducted in the
North-Central United States, in areas where
soils are formed in thick loess, show that ero-
sion has little or no effect on productivity. A
study of three experimental sites near Coun-
cil Bluffs, Iowa, indicates that whereas corn
yields were lower on the more eroded sites at
the beginning of the study, the yield differences
largely disappeared after a few years (Spomer,
et al., 1973). A similar study, also in western
Iowa, showed that even after some 7 ft of loess
soil had been removed, crop yields were about
the same as on the original soil surface (Mol-
denhauer and Onstad, 1975). Erosion of thick
loess soils does little damage to crop yields in
the short term because the underlying material
is similar to that which has been eroded. Where
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Table 6.—Summary of Buntley-Bell Erosion Study (1976)

Crop yields

Corn bu/acre

Soybeans bu/acre Wheat bu/acre

Cotton Ib/acre  Fescue tons/acre

pegree of erosion
Memphis silt loam:

rcent slope

N:n:;:dg: ................. 110 40 54 1,060 4.2
Eroded . ..oommerianes 105 36 52 1,030 4.2
Severely eroded............ 95 32 48 940 4.0
Grenada silt loam:

0 to 5 percent slope
Noneroded. .....ooveernnn. 95 40 53 940 4.0
Eroded......ooorrereennns 85 30 46 875 3.7
severely eroded............ 70 24 40 750 3.2
Brandon silt loam:

2 to 12 percent slope
Noneroded. ....... . 80 30 49 815 4.0
Eroded.....covereriinnnnns 70 20 47 750 33
Severely eroded............ 45 16 38 535 2.7

SOURCE: Buntley and Bell, 1976.

Table 7.—Effect of Topsoil Loss on Corn Yield

Percent

decrease

in corn
Original topsoil thickness 10 to 12 inches yield
2 inches eroded (8 to 10 inches remaining)........ 7
4 inches eroded (6 to 8 inches remaining)......... 14
6 inches eroded (4 to 6 inches remaining)......... 25
8 inches eroded (2 to 4 inches remaining)......... 37
10 inches eroded (2 inches or less remaining). ... .. 52

SOURCE: Pimentel, et al., 1976.

the loess is thin and the underlying material
is dissimilar to the eroded loess, crop yields
show dramatic decreases (Buntley and Bell,
1976).

Scientists do not fully understand the mecha-
nisms that cause yield reductions from erosion.
Certainly a major factor is the reduced water
retention capacity of soils from which organic
matter has been eroded. In addition, loss of
organic matter reduces the capacity of soils to
store plant nutrients such as nitrogen, calcium,
potassium, and, to a lesser degree, phosphorus.

When reduced productivity results solely
from loss of nutrients, it can often be restored
by applying fertilizers. Studies have shown, for
example, that some eroded Corn Belt soils
recover most or all of their lost productivity
with adequate application of chemical fer-
tilizers. Soils of the Southeastern United States
behave differently, however, because these are

deeply weathered and lack the type of soil clay
minerals that can hold fertilizer nutrients for
plants. These soils rely heavily on organic mat-
ter for nutrient storage, so yields on eroded
soils are measurably lower, even after nutrients
are supplied by fertilizers.

It is not clear whether the continued applica-
tion of chemical fertilizers to maintain produc-
tivity will be economical over the long run as
soils erode. Of growing concern are the rising
amounts and costs of nitrogen and phosphate
fertilizers required to maintain yields as less
fertile subsoils are exposed and cultivated. And
where the productivity of eroded soil declines
for reasons other than nutrient loss (e.g., loss
of moisture retention capacity), it is sometimes
difficult for farmers to identify the cause of the
decline or its remedy.

Overall, adequate knowledge about how vari-
ous soil types are affected by long-term erosion
is lacking. As long as only sparse data exist,
there is the risk that the productive capacity
of the land will be impaired permanently.

The recent formation of the National Soil
Erosion-Soil Productivity Research Planning
Committee within USDA is an encouraging de-
velopment. The committee was given three ob-
jectives:

1. to determine what is known about the
problem of the effects of soil erosion on
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soil productivity by: a) defining it, b) iden-
tifying research accomplishments, and
c) identifying current research efforts;
2. to determine what additional knowledge
is needed; and
3. to develop a research approach for ad-
dressing the problem.

With adequate funding and followup, this ef-
fort could be a significant step toward answer-
ing the soil erosion/soil productivity question.

-Tolerable Level of Soil Loss

“It is not possible to prevent erosion,” notes
a recent text on soil conservation, “but it is both
possible and necessary to reduce erosion losses
to tolerable rates. Tolerable soil loss is the max-
imum rate of soil erosion that will permit the
indefinite maintenance of soil productivity”
(Troeh, et al., 1980).

Soil loss tolerances (T-values) are set by SCS
and profess to consider the depth of soil, the
type of parent material, the relative productiv-
ity of topsoil and subsoil, and the amount of
previous erosion.

The maximum tolerance loss, 5 tons per acre
per year, is for deep, permeable, well-drained,
productive soils. The minimum loss rate, 1 ton
per acre per year, is for shallow soils having
unfavorable subsoils and parent materials that
severely restrict root penetration and develop-
ment (Troeh, et al., 1980). Soils that have expe-
rienced severe erosion receive a lower T-value
than comparable noneroded soils.

The USDA Soil Erosion-Soil Productivity Re-
search Planning Committee (Williams, et al.,
1981) has noted:

SCS periodically reviews the soil loss toler-
ance limits (T-values) for all major soils .. . ..
There is essentially no research base to sup-
port T-values; they were established and are
revised on the basis of collective judgments by
soil scientists (emphasis added).

The most important reason for setting the
maximum T-value at 5 tons per acre per year
is that this fits the rough estimate of the year-
ly rate of ““A”” horizon formation on well-man-

aged, permeable, medium-textured cropland
soils. At this rate, an inch of subsoil becomes
topsoil every 30 years. However, soil horizon
formation rates vary greatly, and are likely to
be much slower in soils of finer (i.e., higher clay
content) texture.

It has been stated that the “fallacy” of this
criterion is that it does not consider that the
root zone becomes more shallow as erosion
occurs. Thus, the weathering of parent rock or
deeper soil horizons is a distinctly different
phenomenon from the formation of the “A”
horizon. In most soils it proceeds much more
slowly. Understanding root zone formation is
vital to predicting the long-term effects of ero-
sion, but data on these rates are very scarce.
Renewal at 0.5 ton per acre per year is thought
to be a useful estimate for most unconsolidated
materials. For most consolidated material
(rock), rates are much slower (McCormack and
Larson, 1980).

In practice, however, it would be extremely
difficult—if not impossible—to limit erosion on
most cropland to 0.5 ton per acre per year with-
out either major reductions in production or
fundamental changes in the methods of agri-
culture. The T-value that USDA has designated
for most soils (almost 60 percent of the soil
types) is 5 tons per acre per year. Because of
data inadequacies, this value may be too high
for some soils and too low for others.

USDA’s T-values provide farmers with a
realistic target at which to aim as they work
to reduce their soil erosion rates, but the values
do not provide scientifically grounded criteria
for determining whether the long-term produc-
tivity of the land is being sustained under
today’s agricultural practices.

Other Costs Associated With Erosion

Although they are difficult to quantify, there
are costs other than decreased crop yields asso-
ciated with soil erosion. One cost is the fertil-
izer value of eroded topsoil. If the losses of the
major plant nutrients—nitrogen, available
phosphorus, and available potassium—in the
2 billion tons of soil removed by sheet and rill
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each year are calculated at current
prices, they would have an annual value of
roughly $8 billion (QAST, 1982). Some of these
nutrients are deposited on lower slopes; how-
ever, as much as half are lost from cropland
areas. They contribute to water pollution or are
deposited on flood plains not used for crop-
land.

1f 25 percent of eroded soil is lost as sediment
(Miller, 1981), a conservative estimate is that
the costs associated with the replenishment of
fertilizer nutrients lost to erosion range from
$1 billion to $4 billion each year. Dredging
costs attributable to erosion have been esti-
mated at $60 million (McCormack and Larson,

1980).

Flood plain overwash and sedimentation of
reservolrs caused by eroded soil are other re-
sults of erosion, but estimates of their costs
vary enormously, from $50 million (CAST,
1975) to $1 billion (McCormack and Larson,
1980). CAST estimated the cost of water treat-
ment necessitated by erosion at $25 million for
1975.

The state of the art for estimating these types
of costs is poorly developed. A team of agricul-
tural economists and agronomists recently ex-
amined the relationship between increased
crop acreage and nonpoint source pollution in
Georgia. They concluded that the impacts of
erosion on sediment, water quality, and the
health of humans and wildlife were hard to
measure in dollar terms:

erosion

Because of limited resources, the work was
based on secondary data. Deficiencies in such
data became clear during the research. Data
on land use changes, input use, and chemical
loadings were unavailable, which forced us to
simplify assumptions. While a similar study in
the future could collect primary data on these
factors, developing nonpoint-source pollution
policy from the data currently available could
be difficult and/or lead to considerable error.

More research and analytical data are clear-
ly needed in the area of nutrient and pesticide
loadings. The state of knowledge in this area
was so deficient that weak assumptions were
made to calculate nutrient loadings, and calcu-
lation of pesticide loadings proved impossible.

A major commitment to an agricultural infor-
mation system and more research is unques-
tionably necessary to support a nonpoint-
source pollution policy (White, 1981).

Erosion’s effects are not new. At its peak,
Mesopotamia supported a population of 25 mil-
lion; by the 1930’s, Iraq, which now makes up
a major proportion of the territory controlled
by that ancient civilization, supported only 4
million. Much evidence points to soil erosion
as a significant factor in the deterioration of
the culture (Troeh, et al., 1980). Elsewhere in
the Mediterranean Basin are other examples
of lands that were once grain-rich and grass-
rich that are now impoverished: North Africa
(Tunisia, Algeria, Morocco), the southern Ital-
ian peninsula and Sicily, and Asia Minor.

Erosion is a self-reinforcing process. Erosion
causes a loss of soil fertility and as a result plant
growth diminishes. This in turn results in less
plant cover to protect the soil and less plant
residue to enrich it. Consequently, more ero-
sion occurs, the land becomes progressively
less fertile, and the loop continues. Thus, ero-
sion is an important problem for this Nation
to combat.

The fact that most of the country’s erosion
occurs on a relatively small amount of land has
only recently been widely recognized by na-
tional policymakers. However, even the rela-
tively lower erosion rates that occur on most
cropland may be causing significant degrada-
tion of land productivity because these lands
account for most of the Nation’s agricultural
production.

A conservative estimate of total cropland ero-
sion assumes that wind erosion is significant
only in the 10 Great Plains States and that gully
and streambank erosion do not affect cropland
significantly. Thus, cropland erosion is esti-
mated to be the sum of sheet and rill erosion
plus Great Plains wind erosion, or 2.8 billion
tons a year. This is an average of 7 tons an acre
each year for the Nation’s total 413 million
cropland acres. This soil erosion rate is much
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greater than the most optimistic estimates of
soil formation rates.

Because much of the research on the effects
of erosion on yields has been conducted in the
thickly loess-covered areas of the North-Central
United States, it is likely that the magnitude of
the adverse effects of erosion on crop yields
is underestimated for other important U.S.
croplands where the soils are thinner. In-
creased research is needed to determine the ef-
fects of water and wind erosion on crop yields
in these other areas.

Information on the rates of soil formation for
important agricultural soils under specific cli-
matic and technological conditions also is
needed. In addition, existing methods for esti-
mating soil erosion need to be improved. But
conservation efforts cannot be deferred until
this information becomes available. Research
results should be used as they become available
to improve existing conservation programs and
technologies.

There are indications that some arid and
semiarid areas that have been converted to irri-
gation, especially center-pivot irrigation, may
be returned to dryland farming or grazing or
may be abandoned because of rising pumping
costs and declining ground water levels. If this
becomes widespread, significant increases in
wind erosion can be expected.

The extent to which cultivated land has been
affected adversely by erosion and has conse-
quently reverted to pasture or rangeland,
woodland, or brush is not known. The produc-
tive capacities of most soils in the United States
are reduced to some degree by erosion. An ac-
tive research program into the damage suffered
and the causes of the damage to a wide range
of cropland and rangeland soils is needed as
a basis for formulating rational conservation
programs.

The land that is most likely to be brought into
row-crop and small-grain production in the
years ahead will erode at higher rates, on the
average, than the land now used, even if con-
servation tillage practices are used. With Feder-
al conservation funds constant, or even low-
ered as was predicted at the end of 1981, and
with large amounts of land being brought into
more erosive agricultural use, the capacity of
existing programs to check or reduce soil ero-
sion on U.S. farmlands will be greatly stressed.
This will accentuate the need to find more cost-
effective means of reducing erosion, and the
need to take steps to discourage production of
row crops and small grains on land where cost-
effective measures will not result in acceptable
erosion rates.

DRAINAGE

Farmland drainage has been the primary ag-
ricultural water management and farm recla-
mation activity in this country. There are about
270 million acres of wet soils in the United
States, including about 105 million acres of
cropland where wetness is the dominant con-
straint on production (USDA, NRI, 1980). Wet
soils can be extremely fertile and productive
because they commonly contain more organic
matter than soils that are not as wet. The South-
east has the largest acreage of wet soils, fol-
lowed closely by the Corn Belt, the Great Lakes,
and the Southern Delta States (fig. 5).

Although only certain wet soils are classified
as “wetlands,” much of 3.8 million acres of wet
soils converted to cropland between 1967 and
1975 were indeed wetlands (USDA-RCA, 1980).
Their conversion meant the loss of valuable
wildlife habitat, reduced flood prevention, loss
of the natural cleansing capacity of watersheds,
and other services. On the other hand, drainage
of wet cropland enhances crop production sig-
nificantly.

Drainage provides benefits in six major
areas:
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Figure 5.—Wet Soils by State and Farm Production Region (millions of acres)

Nebr.

Alaska—Data not available
Hawaii—0.2

Caribbean area—0.4
Total—271.1

SOURCE: 1977 National Resource Inventories. 1967 Conservation Needs Inventory.

1. improves the root zone environment for
optimum plant growth,

. increases efficiency of farm machine use,

. lengthens growing season,

. increases water absorption capacity,

. increases control of health hazards associ-
ated with excess water, and

. facilitates onland disposal of organic waste
material.

G W N
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Surface drainage can channel water through
shallow-grassed ditches and into outlets, reduc-
ing erosion on sloping soils and surface pond-
ing on flat soils. Up to 40 percent of the precip-
itation in an area can be removed by proper
drainage (Schwab, 1975). Surface drains do not
lower the water table directly. To accomplish
this, subsurface drains must also be used.

Northern
42 " plains

Southern
Plains

198  24.0

Subsurface conduits, or tiles, are laid by
opening a trench in the field to a depth depend-
ent on the soil, crop, and hydrologic conditions
of the site. Porous pipes are laid at intervals
to channel water into ditches at the edges of
the field, and from there into outlet channels.
Subsurface drains have a number of advan-
tages over surface drains, including fewer
weeds, less wasted land, improved machinery
use, less maintenance, and better soil drainage.

Removing excess water prevents seed rot and
fosters higher soil temperatures, thus pro-
moting rapid and even germination. Produc-
tive soil requires an adequate supply of oxygen
for plant roots; poor drainage can reduce ox-
ygen levels, inhibiting root transpiration and
the ability of roots to absorb nutrients. Because
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Photo credit: USDA—Soil Conservation Service

Till drainage system on Crosby silt loam, 0 to 3 percent slope, 100 ft spacing

the roots of most cultivated crops will not pene-
trate saturated soil, poor drainage can also re-
sult in a shallower root spread and a commen-
surate reduction in plant size, stability, and
yield. Deeper root growth helps crops with-
stand drought, and lower water tables provide
a greater volume of soil from which plants may
obtain nutrients and moisture. Soil structure
is damaged when tillage or harvesting opera-
tions are done while the soil is too wet. Excess
water also increases the likelihood of compac-
tion and obstructs the loosening activities of
soil biota.

Drained fields can be planted earlier because
of earlier accessibility of machinery to fields
and higher soil temperatures. Improved drain-
age will usually advance the potential planting
or seeding date’by 1 or 2 weeks (Irwin, 1981).
From May 1 to 15, each day of delay reduces
corn yields by 1 bushel per acre, and in the lat-
ter half of May, each day of delay reduces
yields by 2 bushels per acre (USDA-SCS, 1975).
Furthermore, earlier planting broadens the
selection of crop varieties available for the
farmer to grow, advances the maturity date,
and produces higher final yields. Drainage also
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ffsets uneven field ripening of grain crops,
o]lows more flexibility in harvest time, and in-
greases the potential for double cropping.

Water-saturated lands promote surface run-
off of rainwater, inducir_lg erosion and increas-
ing the problem of flooding on downslope land.
A well-drained soil reduces erosion because
surface runoff is substantially reduced when
more water can infiltrate into the soil. The top
layer of soil is richest in organic matter and
applied chemicals, so using drainage to reduce
runoff can reduce losses of sediment and some
nutrients. This also reduces the contamination
of runoff waters and enhances the distribution
of fertilizer nutrients through the upper soil
layers. In areas of high salinity, drainage will
promote leaching and removal of salts.

Drainage of waterlogged lands can also help
control health hazards to man and livestock,
such as mosquito- and fly-borne diseases, cer-
tain worms, and liver flukes. Removal of excess
water removes the breeding ground or favorite
habitat of these carriers and thus reduces their
populations.

Good drainage makes the onland disposal of
organic waste material, increasingly under
consideration as an alternative to ocean dispos-
al, environmentally safer. Adequate aeration
and warm soil temperatures are necesary for
the efficient decomposition of wastes into usa-
ble plant nutrients.

Investment in farmland drainage systems oc-
curred throughout the last century, peaking in
the mid-1930’s. Research to improve these sys-
tems was performed extensively by USDA agri-
cultural research stations and land-grant col-
leges until the late 1960’s. During the 1960’s,
however, growing concern over the loss or
degradation of actual wetlands (v. wet soils)
discouraged investment in drainage systems.
As a result, drainage has been specifically ex-
empted from USDA cost-sharing programs in
most instances, and SCS technical assistance
on drainage has been limited by personnel re-
ductions and the pressure of higher priority
demands for the expert’s time (Ochs, 1981).

84-391 0 - 82 - 4

Technologies developed in the mid-1960’s for
more efficient and cost-effective installation of
drainage tiles represent the latest advances in
the field. Corrugated plastic drainage tubing
was developed to replace the heavier and
shorter-lived clay tiles, with significant cost
savings to farmers. This tubing can be installed
more quickly and effectively using laser beam
grade control. In addition, trenchless ma-
chinery was developed to install tiles faster
than earlier deep-trench operations. Two new
technologies under study are well-point drain-
age for vertical, rather than horizontal, move-
ment of excess water, and reversible drainage,
which introduces as well as removes water
through porous tubes. The latter technique
would be especially applicable to the cli-
matically variable Southeastern United States.

The dearth of drainage research during the
1970’s has resulted in a lack of data in many
important areas. Few analyses are available on
design procedures, system maintenance, and
integration of drainage with modern cropping
systems to maximize production. Such basic
information as the lifetime of drainage systems
is not available. Furthermore, while informa-
tion on the costs and benefits of farmland
drainage is available, it is frequently site
specific and therefore is of little value to in-
dividual farmers. Compounding this problem
is a lack of synthesis of the research completed
in the 1960’s and before, and of the data avail-
able from other nations.

The need for such information is growing.
There are indications that the drainage systems
constructed in the early 1900’s, particularly in
the Midwest, are now out of date and in need
of repair. Drainage systems can often repay the
farmer’s investment within 2 to 4 years (Ochs,
1981), so farmers with adequate information
and capital would probably not allow subsur-
face drainage systems to decay seriously. The
outlets, however, are frequently municipal
waterways or other such systems demanding
collective management. These canals and
ditches require occasional clearing of weeds
and accumulated sediments, as well as other
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maintenance. Nondestructive and efficient
techniques and machinery recently have been
developed in Germany, but costs are high. Such
operations must be done locally. Cost-sharing
programs with local municipalities, revolving
loan funds, and greater development of farm-

ers’ cooperatives could aid in rejuvenating thy
outlet system. Federally guaranteed loans coulg
speed the repair of both the drainage and outle
systems to the benefit of farmers, consumers
and society.

SOIL COMPACTION

Routine operation of farm machinery (““traf-
fic”’) and trampling by livestock can harm land
productivity by compacting the soil. In crop-
lands, compaction can damage the structure
of the soil near the surface and can create a
“traffic pan,” which is a persistent layer of
densely compacted soil just below the depth
to which the soil is tilled. On rangelands, which
are not normally tilled, compaction compresses
surface soil causing an effect called “shingling”
where wide areas have a surface so dense that
water cannot infiltrate and plants cannot re-
produce. Animal traffic and off-road vehicle
traffic can form compacted pathways on range-
lands where plants cannot grow and gully ero-
sion may begin. The severity of both cropland
and rangeland compaction varies with the
nature of the site’s soil.

Concern over compaction has increased in
recent years, partly because the large, heavy
machinery characteristic of modern farming
is thought to cause more compaction than
lighter machines. In general, the role of tech-
nology in causing and treating cropland com-
paction is relatively well known; however, the
extent to which compaction is a constraint on
U.S. cropland productivity is not so well
known. On rangelands, the problem is not well
understood and practical technologies to cor-
rect it are not well developed.

Process and Effects

Because the potential for compaction varies
greatly among different types and conditions
of soils, and because compaction affects differ-
ent plants in different ways, generalizations
must be made with caution. The basic physical

effect of soil compaction is collapse of the large
pores between soil particles. In most agricultur
al soils, it is desirable to maintain the large:
pores because they allow ready movement of
air and water. One of the chief functions of til
lage is to increase or restore these large pores
in the soil.

Thus, water infiltration and percolation are
impeded by surface and subsurface compac
tion. The consequences include poor drainage
or standing water in a field, increased watei
runoff and soil erosion, and slower rates of
crop residue decomposition. A compacted wet
soil may remain colder for a longer time dur-
ing the spring, delaying planting or slowing
seed germination. Compaction-caused drain-
age problems also encourage higher rates of
soil nitrogen loss through anaerobic microbial
denitrification. The presence of a traffic pan
can impede root penetration and the proper de
velopment of root crops such as potatoes and
sugar beets. Surface compaction reduces the
nitrogen-fixing nodule mass on soybean roots
(Voorhees, 1977b) and alters the geometry ol
root growth, keeping roots out of the upper-
most part of the soil profile where applied fer-
tilizers are most available (Trouse, 1981). Traf-
fic pans may keep roots from growing below
the upper tilled layer and so deny access to
moisture during drought or to nutrients avail-
able below the tilled layer.

Under certain conditions, a moderate
amount of cropland compaction has been
shown to be beneficial. Soybean yields on
moderately compacted Minnesota soils have
been 25 percent greater than on noncompacted
soil in dry years. In some soils, the wicking ef-
fect of smaller, compacted capillary pores has
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ntage of bringing water and dissolved
putrients to germinating seeds, and it may also

lain the higher toxicity of herbicides on
zz?npaCted soils. Compacted soils, if dry, can
warm more rapidly in the spring, and the pres-
ence of a subsurface pan can help to retain
water that might otherwise percolate away
from roots. Corn grown on compacted soil has
been shown to mature earlier and to have a
Jower ear moisture content. Traction is some-
times better on a compacted soil, but the great-
er energy required to till such soil probably out-
weighs the traction benefits (Voorhees, 19774,

1977c).

More typically, compaction reduces crop
yields.* Yields of corn grown on clay soil are
decreased with increased machine contact
pressure and number of field passes, some-
times by as much as 50 percent (Raghaven, et
al., 1978). Deeper than normal tillage, called
subsoiling, is sometimes used to reduce com-
paction in dry years and can increase corn
yields by as much as 100 bushels per acre in
the Southeastern Coastal Plain (Cassel, 1979).
In one study, yields for corn and cotton in
Alabama rose 83 percent with subsoiling under
crop rows and controlled traffic (Trouse, 1981).
The effects of compaction on overall produc-
tivity sometimes may not be evident because
they can be masked by use of other inputs such
as irrigation and fertilization. In crop rotations
that do not foster significant buildup of organic
carbon, wheel-traffic-induced soil compaction
may increase soil aggregate size and stability
slightly, resulting in improved production even
though organic matter content is decreasing.
Thus, by substituting for the aggregating effects
of organic matter, compaction may mask soil
deterioration (Voorhees, 1979).

the adva

Technological Causes and Remedies

Factors that determine the degree of compac-
tion occurring on a cropland site include: the
pressure (pounds per square inch) exerted by
machinery tires; the proportion of the field that
gets pressed by the tires; the number of times

*During 1981, OTA conducted extensive research on the CAP
and Agricola searches of 1980.

per year the area is pressed; the type and fre-
quency of tillage that loosens the compacted
soil; various features of the soil type (including
texture and percent organic matter); and espe-
cially the moisture content at the time it is
pressed by machinery tires. The interaction of
these factors is site specific and usually dif-
ficult to determine.

Certain soil types are more susceptible to
compaction than others. The sandy loam of
California, the Mississippi Delta, and the
Southeastern Coastal Plain are especially sus-
ceptible to formation of traffic pans. Moisture
is the most critical variable for any specific site,
as compaction effects increase sharply when
moisture content is above an optimal level. In
certain soils, compaction can also increase be-
cause of too little moisture

Average tractor weight has more than dou-
bled in the past three decades as a cause and
a consequence of the increasing size and effi-
ciency of U.S. farms. Modern four-wheel-drive
tractors now weigh as much as 33,000 1b
(Voorhees, 1978). The pressure exerted by the
tires, however, has not doubled because the
tires are now wider and better designed. How-
ever, the pressure per square inch is generally
less important than the proportion of the field
that is compacted. The wider tires press more
soil on each pass, but make fewer passes to do
the same job, and the larger machinery can al-
low field operations to be timed to drier condi-
tions when compaction potential is relatively
low. Yet there is little evidence to indicate
whether farmers consider compaction preven-
tion in their use of machinery. More farmers
may be using larger equipment—four-wheel-
drive, dual-wheel tractors* in particular—to get
into fields under wet conditions (Robertson,
1981).

A trend that more surely indicates increased
compaction is the increasing proportion of
cropland used for row crops that require more
tillage than close-grown crops such as hay or
oats. Fortunately, the compaction associated

*Voorhees (1977c) states that “dual wheels do not prevent com-
paction, they just change its distribution. Compaction from duals
may not be quite as deep, but it can be more than twice as wide.”
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Modern farm equipment has grown larger and heavier, raising concern that compaction may harm
productivity on susceptible soils

with this trend may be offset to some extent
by increased use of conservation tillage and the
no-till method. However, reduced tillage will
generally not counteract subsurface compac-
tion that already exists and even no-till does
not completely eliminate traffic and conse-
quent compaction effects.

Some compaction is unavoidable in most
cropping systems, but farmers can modify their
operations to limit compaction. The least costly
adjustments include timing operations to drier
soil conditions, limiting the number of field
trips (the first pass over any spot accounts for
80 percent of total compaction), and confining
wheel traffic to the same paths each pass. How-
ever, sometimes it is not economically feasi-
ble to rotate crops with meadow or to delay
planting or harvest until soil moisture is
suitable because of the income and yield reduc-
tions associated with these practices.

The practice of subsoiling—plowing deeper
than the conventional 7 to 8 inches to break
up compacted soil layers—is becoming more
widespread in the Midwest as it has shown its
effectiveness in counteracting compaction in
the Coastal Plains States, California, and else-
where. Subsoiling reduces soil density and
hardness and increases the volume of macro-
pores to promote aeration, internal drainage,
and more rapid infiltration of water (Cassel,
1979). The practice takes significantly more
tractor power, however, so the value of yield
gains must be compared to the increased fuel
cost. These tradeoffs change as compaction ef-
fects accumulate and as relative prices change.

The most radical technological proposal for
dealing with cropland compaction is develop-
ment of “wide span” equipment that would
confine wheel traffic to a small part of a field
by spanning many rows with an arching,
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e-like tractor. Prototypes of the machine

bridg ing developed (Trouse, 1981).

are be

compaction on Croplands

While considerable research has been con-
ducted in several regions of the United States
concerning the causes, effects, and cures of
traffic pans (and, to a lesser extent, of the more
subtle soil structure changes in the plow layer),
no nationwide research effort has been
mounted. Compaction is generally seen as a
regional problem. Thus, there is no data base
to determine the extent to which compaction
is limiting U.S. soil productivity. Experts
disagree: Voorhees (1979) reports that: “‘except
for root crops, crop yields probably are not
being suppressed yet as a result of normal soil
compaction in the northern Corn Belt . . . . Re-
gardless, the relatively good soil tilth enjoyed
by farmers in the region should not be taken
for granted. Once soil is compacted, it may be
more difficult to restore than previously.” In
contrast, Trouse (1981) states that: “every acre
that is plowed suffers some compaction,” and
“we have compaction even in our best fields,
and it is hurting us.”

More information is needed before these
questions can be answered with any certain-
ty. Data on compaction could be collected by
NRI, for example, although each item added
to the inventory.

Little is known about how farmers perceive
the effects of compaction. In areas where traf-
fic pans are important constraints on crop
yields, some information is generally available
to help farmers decide whether the yield in-
creases from subsoiling will pay for the extra
fuel used. More complex decisions regarding
timing of operations, for example, are less well
supported by hard data. How well farmers di-
agnose and monitor cropland compaction
problems is another unknown.

Even less is known about rangeland compac-
tion. Overgrazing has led to dense soil surfaces

over much of the Western rangelands, and this
“shingling” is a severe constraint on produc-
tivity. It prohibits water infiltration, resulting
in more arid conditions for the plants; it accel-
erates erosion; it severely constrains seed ger-
mination and the survival of seedlings when
seeds do germinate. Shingling is generally be-
lieved to be caused by the trampling of animal
(mainly livestock) hooves. Another phenom-
enon that also contributes to the shingling ef-
fect is soil capping. This is a thin crust caused
by the force of raindrops striking unprotected
(lacking plant cover) soil surfaces. The direct
impacts of livestock trampling are most harm-
ful in the spring when soil is moist, after the
sporadic heavy rains characteristic of much of
the semiarid range, and on the moist soils along
streams (Gifford, et al., 1977; Cope, 1980).

The scientific literature on rangeland soil
compaction and capping is scanty. Soil scien-
tists historically have concentrated their atten-
tion on croplands where the returns on re-
search investments are more obvious.

The usual way to improve compacted, over-
grazed rangeland is to alter grazing pressure
to be consistent with carrying capacity and, in
cases of severe land deterioration, to reintro-
duce desirable plants through reseeding. One
method to deal with capping or compacted
crusts is to concentrate a herd of cattle on the
affected area for a very short time (2 to 3 days)
to churn up the soil surface. Another method
is to roll a “soil imprinter,” a heavy, usually
water-filled drum with a textured surface, over
the ground to break up the shingled surface
(Dixon, 1977). However, fuel costs may make
this impractical. Where compaction is deep,
there may be no technological solutions except
tillage, which is likely to be expensive, and ex-
cluding livestock.

Cropland compaction is probably a con-
straint on productivity in many regions, but
technologies to deal with it do exist. No major
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Federal policy decision to increase the effort
to educate farmers about compaction, or to
support their use of practices that would pre-
vent or cure the problem, is likely as long as
little is known about its significance in relation
to other problems.

On rangelands, the compaction and capping
of soils is a constraint on productivity. General-
ly, overgrazed rangeland has good regenerative
capacity once proper grazing management is

—

instituted. In some instances, however, par
ticularly in the arid Southwest, reseeding o
desirable species must precede improved graz
ing management in range rehabilitation. Thy
problem of shingling and the processes of com
paction and capping have not been high-prior
ity research topics for range science. The con
sequences of compaction are well understood
but too little is know about its causes, preven
tion, or economic reparation.

SALINIZATION

Salinization is primarily a drainage problem
aggravated by the misapplication of irrigation
water. Where water is applied to fields, the Sun
and crops extract almost pure water, leaving
salts behind. If that salt is not flushed deeper
into the ground by rainfall or additional irriga-
tion, it can gradually concentrate in and on the
surface soil, first damaging and ultimately de-
stroying the land’s productivity.

But flushing salt into the ground does not
necessarily solve salinization problems. If sub-
surface conditions are relatively porous, the
saltwater may contaminate the ground water
supply from which the irrigating water is
drawn. If subsurface conditions are relatively
impermeable, the salty water may drain into
nearby rivers. Irrigators downstream will
ultimately reuse it. The saltwater may also ac-
cumulate beneath the surface so that a salty,
“perched” water table builds up. This may
eventually rise near enough to the surface to
contaminate the root zone.

Most crops cannot survive in saline en-
vironments. The effect of salinity is to increase
the osmotic pressure in the soil water, which
works against the water extraction mechanism
of the plant roots.

There are no data on the overall amount of
cropland in the United States that has been
salinized or is undergoing salinization. An in-
formed guess is that 25 to 35 percent of the ir-
rigated croplands in the West have salinity con-
straints on productivity (van Schilifgaarde,
1981).

Some data are available on specific areas
where salinization is a recognized problem. At
present, it is severe on the western side of the
San Joaquin Valley of California, one of the
country’s most fertile regions. Here, excess
saline irrigation water accumulating beneath
the surface is invading the root zone and is re-
ducing crop yields on some 400,000 acres of
land. The cost of the resulting crop loss is esti-
mated at $31.2 million per year (Sheridan,
1981). If the saline subsurface water is not
drained from the cropland, it is projected that
700,000 acres will have reduced output by
2000, for an annual loss of $321 million. If un-
resolved by 2080, an estimated 1 million to 2
million acres of cropland in the San Joaquin
Valley will be salinized out of production.

Three alternative sinks for the valley’s salt
are the Sacramento-San Joaquin Delta, the
Pacific Ocean, and local evaporation ponds. A
drainage system to carry the irrigation runoff
to the Delta, an estuary of the San Francisco
Bay, would cost $1.26 billion for the central
drains, plus the costs of underground drains
to carry the water from the farmers’ fields
(USDA—RCA, 1980). Further, the saline water
could cause serious environmental damage to
the estuary itself, which is the largest wetlands
area on the west coast. In addition to its im-
portance as a wildlife and fisheries habitat, the
estuary is the major source of water for mu-
nicipalities, industries, and agricultural opera-
tions located nearby.

Piping the drainage water to the Pacific
could cost even more because of the high ener-
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required to pump the irrigation runoff over

e intervening mountains. If farmers were re-
uired to pay the entire price of these engineer-
ing solutions to the drainage problem, the costs
would be on the order of $75 per acre per year

(Sheridan, 1981).

The third solution makes use of as much of
the drainage water as is possible in irrigation
of salt-tolerant crops. The best irrigation water
would be used first on salt-sensitive crops, and
the increasingly salty runoff would then be
used to irrigate more salt-tolerant crops. Final-
ly, the highly saline water would be drained
into evaporation ponds, providing some wild-
life habitat, or be disposed of in other ways (van
Schilifgaarde, 1981). The costs of establishing
this integrated irrigation system have not been
estimated, but would depend partly on the prof-
itability of farming the salt-tolerant crops (see
discussion in ch. IV). This use would reduce
the volume of drain water requiring disposal.
Although the drainage problem is not elim-
inated, the reduced volume makes the options
for disposal more viable. This scheme would
require substantial changes in farming prac-
tices, and getting farmers to participate may
be as formidable a difficulty as paying the costs
of more conventional engineering solutions.

A key issue in these schemes is who pays.
Costs of a drainage system would presumably
be shared among the Federal Government, the
State of California, and the San Joaquin farm-
ers. If the capital cannot be raised, there is
another solution to the drainage problem—to
continue the present system until the soil
becomes too salty, then to switch to more salt-
tolerant crops, and eventually abandon 20 per-
cent or more of this highly productive San
Joaquin cropland.

Another type of salinity problem has devel-
oped in the Colorado River Basin. Here, too,
the water is becoming more saline, and thus
less useful for irrigation and other purposes.
The source of about two-thirds of the salt in
the river is natural drainage of salt-laden
geological formations; the remaining third is
saline runoff from irrigation (Frederick, 1980).
Salt concentration is increasing because most

of the water diverted from the river for use is
consumed, ultimately evaporating, while that
which is returned by irrigation drainage sys-
tems is highly saline.

The problem is the disposal of the salt. Poten-
tial solutions include expensive engineering ap-
proaches and less expensive but more difficult
system management changes. Eventually, as
Colorado River water use and reuse becomes
more expensive, a combination of structural
and management approaches will probably be
adopted. One possible engineering approach
is to build a desalinization plant near Yuma,
Ariz., to remove salt from the drainage water.
The river management approach, already being
implemented by some farmers receiving Feder-
al technical assistance and cost sharing from
USDA programs, begins with increasing irriga-
tion efficiency. Crop yields are maintained
with less water use by improving on-farm sys-
tems with such techniques as land leveling,
ditch lining, and alternative irrigation systems.
If enough farmers improve irrigation effi-
ciency, a significant improvement could be
achieved. However, as nonagricultural use of
the Colorado River increases, farmers may still
need to shift toward more salt-tolerant crops
and to the use of drain sinks other than the
river, such as local evaporation ponds.

Saline seeps are a soil-and-water problem oc-
curring in Montana, North and South Dakota,
Wyoming, and Canada’s prairie provinces.
This problem is the combined result of regional
geology and farming practices. Farmers tradi-
tionally alternate strips of wheat with strips of
fallow to conserve moisture. This summer-fal-
low system can actually conserve too much
water—in some places, the water thus saved
has infiltrated through the upper layers of soil,
picking up salts, and has formed a perched
water table above an impermeable layer of
shale. In downslope areas, the salt-laden water
seeps out, creating saline seeps—unproductive
swampy areas. Some saline seeps are as large
as 200 acres. They affect about 400,000 acres
in the Northern Plains of the United States; the
total including Canada and parts of Texas and
Oklahoma may reach 2 million acres.
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Saline seeps may be battled by using a crea-
tive management technology called “flexible
cropping” developed by USDA scientists and
cooperating farmers. Under flexible cropping,
water conditions are monitored carefully. Al-
ternative crops are planted, including alfalfa,
safflower, and sunflower, each of which uses
- more water and draws it from deeper in the
soil. Continuous cropping is practiced when-
ever possible to avoid water accumulation in
the perched water table, but the option to fal-
low land remains if water is limited. This ap-
proach demands more complex management
than summer fallow, but participating farmers
have demonstrated that it can keep significant
areas in production that might otherwise be
lost. (This technology is discussed in detail in
app. A, “The Innovators.”)

The U.S. agricultural sector must continuy
to develop innovative systems to conserve pro
ductivity on land that is threatened by saliniza
tion. The proportion of cropland involved i
relatively small—30 percent of the irrigatec
land in the West amounts to only 5 percent of
all the Nation’s cropland—but the land is dis.
proportionately productive because of long
growing seasons and the high economic value
of irrigated crops. (An assessment of water-
related technologies to maintain agricultural
production in the arid and semiarid regions of
the United States was begun by OTA in July
1981.)

GROUND WATER DEPLETION

Introduction

The next several decades will bring a marked
decrease in the availability and quality of the
Nation’s ground water. This could significantly
reduce the productivity of much irrigated agri-
cultural land, especially in the Southwestern
United States. The most severe problems will
probably be confined to the West, but some
Eastern States will suffer local water shortages
and water quality problems that will affect agri-
cultural productivity.

Technologies that alter irrigation and farm-
ing systems to conserve water while continu-
ing to produce crops profitably can prolong the
productivity of ground water resources. These
technologies vary from modest but effective
changes in the way water is applied to major
changes in farm management such as convert-
ing to perennial crops or drip irrigation. Al-
though changing the technologies used may re-
duce ground water demands in some areas, the
actual reduction in ground water withdrawals
that will result from new agricultural technol-
ogies probably will be modest and will only
postpone the exhaustion of some major U.S.
ground water reservoirs.

The technological change most likely to
occur in Western regions during the coming
decades will be the return of some irrigated
lands to dryland farming or grazing. This con-
version will cause sharp decreases in produc-
tion. Also, as wind erosion and other problems
associated with dryland farming develop, a
continuing, gradual decrease in land produc-
tivity can occur.

Although some schemes for recharging over-
drawn aquifers* have been proposed, the lack
of local water to replenish depleted supplies
and the high energy costs involved in transport-
ing water from distant sources may preclude
such remedies. Schemes for long-distance
water transport will have to be compared to
the alternatives of farming additional, poten-’
tially erosive, croplands in the more water-
abundant East or intensifying production on
existing agricultural lands (Vanlier, 1980).

The data and information bases relating wa-
ter and agricultural productivity are obtained
largely by Federal and State agencies. At the

*An aquifer is a water-bearing underground layer of permeable
rock, sand, or gravel.
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Jocal level, county agencies and quasi-govern-
mental units collect a variety of water data spe-
cific to their management needs. The informa-
tion is dispersed among a number of sources
including large Federal water data banks. The
data available are adequate for general plan-
aing, but considerable effort will be required
to aggregate them into a format clearly adapted
to policymakers’ and planners’ broader needs.

The Nation’s ground water resources could
pe affected adversely by a number of chang-
ing agricultural technologies and by future land
and water use policies as well as by the grow-
ing needs of water for energy development.
The principal factors that will affect the avail-
ability and suitability of ground water for agri-
cultural use are:

¢ ground water overdraft (mining),

e water-quality degradation,

¢ reduction in streamflow and discharge of
springs, and

¢ subsidence and collapse of the land sur-
face.

Ground Water Overdraft

Hidden beneath the land surface in almost
every part of the United States is water that fills
the openings in beds of rock, sand, and gravel
—called ground water. Studies of the U.S. Geo-
logical Survey (USGS) indicate that more than
97 percent of U.S. freshwater resources are lo-
cated underground. The Nation’s ground water
resource supplies about 70 percent of the irri-
gation water for the 17 Western States (Lehr,
1980).

In many areas, ground water is a readily
available source of potable water. Half the
population in this country gets its drinking
water—either partly or completely—from
ground water supplies (Costle, 1979). Because
ground water is a high-quality, low-cost water
source, its use grows at the rate of several per-
cent each year. Ground water use has grown
from 35 billion gallons a day in 1950 (Murray,
1970) to an estimated 82 billion gallons a day
in 1975 (CEQ, 1980).

Withdrawing ground water from an aquifer
in excess of the long-term rate of recharge is
called ground water overdraft, mining, or de-
pletion. Ground water mining is common in
arid or semiarid areas of the United States
where precipitation is low and recharge rates
are slow (fig. 6). Water is available from these
aquifers only because it has accumulated in the
ground over many thousands of years.

Ground water overdraft lowers ground water
levels, subsequently reduces the thickness of
water-saturated sediments, and in some places
degrades water quality. Declining water levels
reduce the total amount of water available. In
order to meet demands, pumps must be set
deeper and larger motors installed. In some
cases, new wells are needed. These in-
vestments increase operating costs.

Over the past several decades, ground water
overdrafts have reduced agricultural productiv-
ity. The greatest reductions, however, are ex-
pected to occur in the next three or four
decades. Most such losses in agricultural pro-
ductivity will be permanent because alternative
water sources already are fully committed to
other uses.

The major areas of ground water overdraft
are in Texas, Nebraska, Colorado, Kansas,
Oklahoma, New Mexico, Nevada, Arizona, and
California. Major ground water overdraft prob-
lems also are reported in the lower White River
area of Arkansas and the Souris and Red River
basins in North Dakota and Minnesota (Van-
lier, 1980). Shortages have raised conflicts in
other regions as well.

In Iowa, proposals have been considered to
prohibit ground water use for irrigation
because of acute shortages. In Nebraska, the
ground water situation is prompting officials
to consider allocating available ground water.
In the first court conflict between ground water
users, the Nebraska Supreme Court held that
an irrigator can be held liable for costs incurred
as a result of disturbing a neighboring ground
water supply (Lehr, 1980).
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Figure 6.—Water Budget for the Conterminous United States
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SOURCE: Water Resources Council, 1978.

One of the most dramatic instances of
ground water depletion occurs in the Ogallala
Formation, an aquifer stretching approximate-
ly 1,000 miles from Nebraska to Texas. It
underlies roughly 150,000 square miles (mi?)
and varies in thickness from 1 to 1,200 ft.
USGS, in an ongoing study of the Ogallala and
certain associated aquifers, reports that 46 per-
cent of the 177,000-mi2? study area now has
less than 100 ft of water-saturated sediment.
Ground water pumping, which began in Texas
in the 1930’s, has caused the following declines
in the region’s watertable:
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(Weeks, USGS, 1981.)

The USGS reports that water levels in the
Ogallala Formation consistently have been
declining in regions where water is pumped
for irrigation (Borman, et al., 1977). Declines
of 32 to 40 ft were monitored in Kit Carson
County from 1964 to 1972. In other areas in-
fluenced by irrigation, declines of as much as
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16 ft were noted. The USGS findings confirm
increasingly rapid water-level decline in
anrts of the Ogallala Formation since 1974.
Nz[iore than 98 percent of the pumping from the
Ogallala is for irrigation agriculture.

The Ogallala aquifer is recharged by direct
precipitation at a rate of only 50,000 acre-ft per
year, while 7 million to 8 million acre-ft a year
of ground water are withdrawn. Thus, the
93,000 wells pumping to irrigate as much as
65 percent of Texas croplands could exhaust
the aquifer. Some additional recharge is sup-
plied from the eastern slopes of the Rocky
Mountains. (Details of the Ogallala water
budget will be included in the OTA water as-

sessment.)

In fact, ground water depletion in the High
Plains section of west and north Texas has
been so extensive and expensive that it has
compelled abandonment of some once-produc-
tive farmland or the return to dryland farming
(Hauschen, 1980).

Similar abandonments are occurring in other
areas. In the Roswell Artesian Basin of New
Mexico, where ground water withdrawal has
exceeded recharge for many years, the Pecos
Valley Artesian Conservancy District has been
purchasing and retiring irrigated acreage.
About 3,000 acres have been retired under this
program. In the Estancia Basin of Santa Fe
County, an estimated 5,900 acres will go out
of production by 2000 (Vanlier, 1980).

Nearly all major aquifers experiencing over-
draft in the arid or semiarid areas of the coun-
try ultimately will be exhausted. This does not
mean there will be no more underground water
in those places, but that it will be so reduced
that it cannot be profitably extracted. Lower
agricultural productivity and reduced eco-
nomic activity can be expected in these areas.

Degradation of Ground Water Quality

In addition to declining ground water avail-
ability in many aquifers, degradation of ground
water quality from increasing salinity and con-
tamination by pesticides, herbicides, fertilizers,
animal wastes, and nonagricultural sources of
chemicals is on the rise. Heavy pumping of

ground water can result in seawater intrusion
into freshwater aquifers, and recycling irriga-
tion water to recharge aquifers may make
water substantially less suitable for irrigation
or other purposes than the aquifer’s original
water. Because organic chemicals do not de-
grade efficiently in the slow-moving waters of
underground aquifers, recharge water may dis-
perse agricultural contaminants over broad
areas where they may remain indefinitely.

Saltwater Contamination

Many aquifers contain both fresh and miner-
alized (saline) ground water. The lighter fresh-
water in such aquifers “floats” on the denser
saline water. Saltwater/freshwater aquifer sys-
tems are best known in coastal areas where
freshwater in the landward part of the aquifer
is in contact with saltwater in the seaward part,
but some also are present in inland areas.
When freshwater is pumped from such aqui-
fers, the saline water migrates toward the wells
and eventually replaces part or all of the aqui-
fer’s freshwater. This exacerbates problems of
soil salinity that plague many irrigation
projects.

Saltwater intrusion into freshwater aquifers
has occurred in many areas undergoing ground
water irrigation. In the Roswell Artesian Basin
of New Mexico, the artesian head has been de-
clining for many years and now saline waters
are encroaching in the aquifer north and east
of Roswell. Extensive ground water declines
in the Carrizo aquifer in Dimmit and Zwala
Counties, Tex., caused reversals in the aquifer’s
hydraulic gradient, thus allowing poorer qual-
ity water to enter areas that previously had
good quality water (U.S. Water Resources
Council, 1978).

In some places, aquifers are degraded by
water leakage from a saline aquifer into over-
lying or underlying freshwater aquifers via im-
properly constructed and maintained wells or
abandoned wells that have been improperly
plugged and sealed. For example, in Dimmit
County and adjacent areas of Texas, saline
water from the Bigford Formation is leaking
through old well bores into the underlying Car-
rizo aquifer.
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Aquifer water-quality degradation has a neg-
ative impact on nonirrigation water uses, too.
In the High Plains region, ground water quality
is declining as the Ogallala aquifer drops, and
in some parts of the region the water has be-
come unsuitable for domestic use. This may
have a serious adverse impact on the economy
of the area (Vanlier, 1980).

When withdrawals lower aquifer water lev-
els, poor-quality surface waters can infiltrate.
The problem of saline recharge to aquifers used
for irrigation water is exacerbated locally by
degradation of surface water quality. For ex-
ample, in the Trans-Pecos region of Texas the
ground water is becoming saline, in part from
recycling irrigation waters. The U.S. Water Re-
sources Council noted that in the San Joaquin
Valley in California there is a need for a valley-
wide management system that would dispose
of or reclaim saline water to help prevent deg-
radation of the San Joaquin River and ground
water supplies.

The contamination of freshwater aquifers by
infiltration of saline surface waters and agricul-
tural drainage has not received the attention
given to other sources of ground water contam-
ination, but it is a factor that must be consid-
ered in long-term planning for agricultural pro-
ductivity.

USDA reports that more than 1,800 pesticide
compounds are marketed and that an estimated
1.25 million tons will be applied on American
soils by 1985 (see fig. 7). Approximately 5 per-
cent of the pesticides will reach the Nation’s
waters. A 1970 report of the Working Group
on Pesticides cautioned that the potential for
ground water contamination must be analyzed
from the perspective of the properties of the
pesticide, hydrological traits of the disposal
area, and the volume, state, and persistence of
the pesticide. For example, greater hazard
occurs when high concentrations of pesticides
are deposited near shallow wells or in regions
of thin and highly permeable soil.

Residues of DDT; 2,4-D; lindane; and herbi-
cides are the focal point of ground water con-

Figure 7.—Pesticides Applied
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SOURCE: Pesticides applied, 1964: Quantities of Pesticides Used by Farmers in
1964, USDA Economics, Statistics, and Cooperatives Service
(Washington: U.S. Government Printing Office, 1968), agr. econ. rep.
131, pp. 9, 13, 19, 26. 1966: Farmers’ Use of Pesticides in
1971—Quantities, USDA Economics, Statistics, and Cooperatives Serv-
ice (Washington: U.S. Government Printing Office, 1974), agr. econ. rep.
252, pp. 8, 11, 15, 18. 1971 and 1976: Farmers’ Use of Pesticides in 1976,
USDA Economics, Statistics, and Cooperatives Service (Washington:
U.S. Government Printing Office 1978), agr. econ. rep. 418, pp. 6, 9, 15,
and 20. Cited in CEQ, 1981 Environ. Trends.

tamination discussion and research. Arsenate
compounds used in insect control in Maine’s
blueberry fields have been detected in shallow
ground water, and chlorinated hydrocarbons
used on Massachusetts cranberry bogs were re-
ported in a sand and gravel well. Soil samplings
in the Houston black clay of three watersheds
in Waco, Tex., demonstrated that DDT had
penetrated the soil and percolated down into
the ground water (Lehr, 1980).

A field study in which toxaphene (an insec-
ticide) and fluometuron (a herbicide) were ap-
plied to the topsoil and observed for 1 year
showed that both compounds were found in
underlying ground water 2 months after appli-
cation (LaFleur, et al., 1973). Residues persisted
throughout the 1-year observation period.

Contamination by Organic
Material and Pathogens

In general, ground water does not have the
natural cleansing mechanisms of surface wa-
ter. Although most removal of readily degrad-
able organic compounds occurs very near the
water’s point of entrance into the aquifer, some
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sorption (binding of organics to mingra! sub-
strates) and biodegradation do occur within the
aquifer. Sorption affects the rate of travel of
organic contaminants and allows the accu-
mulation of organic materials in or on subsur-
face solids. Biodegradation depends on a num-
per of variables including pH, temperature, and
having a primary source of organic material
on which the bacteria can subsist. Relatively
little is known about how organic materials de-
grade in ground water; possible interactions
between primary and secondary substrates and
bacteria are not known, nor are the effects of
sorption on the rate of transformation. The
breadth of organic compounds that may be re-
duced by biological activity are unknown and
methods for assessing the potential of a specific
aquifer for microbial activity are also lacking
(McCarty, 1981).

There are conflicting reports on the levels of
fertilizer pollution in ground water. According
to the General Accounting Office, heavy reli-
ance on fertilizer contributes to an estimated
1 million metric tons of dissolved nitrogen in
ground and surface waters. In the Seymour
water-bearing formation in Texas, jumps in
nitrate levels of from less than 50 to 165 ppm
can be traced to fertilizer use (Lehr, 1980). Yet,
nitrates from fertilizers and from natural reser-
voirs of nutrients in fertile soils are indistin-
guishable, and some experts have claimed that,
apart from occasions when a spring applica-
tion of fertilizer nitrogen may be followed by
very heavy rain, the problem of high nitrate
levels in drainage water (which can infiltrate
aquifers) is not so much one of fertilizers as of
soil fertility, especially after ploughing
(Armitage, 1974). Because high nitrate levels
in ground water used for drinking can present
a health hazard for infants up to the age of 3
months, this nutrient contaminant needs care-
ful monitoring.

Nearly half of all documented waterborne
disease outbreaks in the United States result
from contaminated ground water. Certain
viruses, some of which may constitute a health
hazard to humans or livestock, may be ab-
sorbed onto soil organic matter and clays and

move downward slowly in the ground water
(Gerba, 1981), while others may remain free in
infiltrating water and enter the ground water
more quickly. Fecal coliform bacteria counts
are commonly used to monitor for contamina-
tion by animal wastes. As livestock manage-
ment is intensified, and as onland waste dispos-
al systems develop, consideration must be giv-
en to potential infiltration of pathogens into the
ground water below.

Reduced Streamfiow and
Spring Discharge Caused by
Ground Water Pumping

Water-well pumping lowers ground water
levels in the well vicinity. In part, this may
reduce the natural discharge of water from the
aquifer, much of which is through springs and
seeps along and beneath streams. If ground
water levels are lowered below the level of a
stream, water can infiltrate from the stream to
the aquifer, and areas along streams that under
natural conditions received water from the
ground now accept water from the stream. The
resulting decline in the streamflow reduces the
availability of surface water for other uses, in-
cluding irrigation.

Sometimes the changes in the water regimen
that can result from pumping ground water for
irrigation can be beneficial in that some of the
water tends to accumulate in the ground and
can be pumped later during the irrigation
season. Ground water irrigation, however, re-
quires energy for pumping, whereas diversion
of surface waters generally is accomplished
through gravity flow. As energy costs increase
in future decades, irrigation systems with low-
er energy requirements probably will take prec-
edence.

Standardized data on ground water quality
is needed for responsive policymaking. The
USGS catalog of Information on Water Data
might be useful as a prototype (Vanlier, 1980).
In it, ground water quality is outlined in terms
of four traditional categories: physical, chem-
ical, biological, and sediment related. Identified
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within each category are a number of factors
(e.g., turbidity, pH, coliform bacteria content,
sediment particle size) that should be measured
at regular intervals. Frequent measurement of
these indicators will promote the early detec-
tion of a contaminant by a monitoring system.
Sufficient leadtime is important for corrective
action.

The continuing decline of ground water qual-
ity and quantity apparently is not caused by
lack of data or knowledge. The probability that
agricultural productivity in the High Plains
region would decline during the latter part of
the 20th century, and that economic problems
would consequently emerge, has been clearly
recognized locally and nationally for the last
several decades (Vanlier, 1980). Rather, the de-
cline is caused by a lack of a coherent, national
resource-use philosophy and water manage-
ment policy. This has led to a separation of
policies toward surface and ground water.

The separation of ground and surface water
issues results in administrative mismanage-
ment of both resources. These two elements are
mistakenly not seen as part of the same hydro-
logic cycle. This insular treatment extends in
many cases to the laws pertaining to their use,
to the Federal agencies and institutions that
regulate and control them, and to the research
and development that guides their future uses.

To ignore a substantial hydrologic imbalance
costs money—money in production costs, farm
income, crop prices, food prices, etc. For crop-
land affected by ground water depletion, salin-
ity, and subsidence problems, a total calcula-
tion of ground water-related damage has not
been compiled.

Directly entwined with ground water eco-
nomic impacts is the ripple effect felt by soci-
ety. As ground water problems increase in
severity, interactions between producers di-
rectly affected and those not affected can be

expected to change land values. For example
agricultural producers’ net income along thy
Colorado River would drop because of croj
yield reductions and increased productio;
costs as salinity increases. On the other hand
the lands of a producer of the same crop in a1
area without salinity problems would increas:
in relative agricultural value.

Eventually, this imbalance will spur produc-
tion relocation and passing of increased costs
on to consumers. The rural business communi-
ty of banks and agricultural suppliers, too, is
ultimately influenced through changes in serv-
ice demands and the tax base. And if the irri-
gated dry Western States are compelled to re-
vert to dryland farming, the ultimate effects on
food prices and the entire economy would be
substantial.

The national agricultural policies that have
the greatest effect on ground water resources
are economic. For example, the quantity of
water used to irrigate rice in Arkansas doubled
between 1970 and 1975 as a result of relaxa-
tion of acreage controls (Halberg, 1977). It is
not known if Government acreage controls and
crop price-support programs increase ground
water pumping for irrigation where otherwise
it would be unprofitable.

Most individual farmers understand the costs
and risks of their decisions to continue to pump
water from aquifers that are experiencing over-
draft or declining water quality. The individual
farmer, however, is left with little choice ex-
cept to use the water under his own land to
maximize his profits. If he does not pump the
water, his neighbors will. Farmers cannot unite
to save water for some future date when each
has made substantial individual investments in
land and equipment. The specter of low agri-
cultural prices and high production costs in
areas of major ground water overdraft un-
doubtedly inhibits the individual farmer’s deci-
sion to invest in expensive technologies to save
water.
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Land subsidence could become more com-
in the United States as the use of ground
mon and subsurface mineral resources inten-
water Subsidence can occur in various circum-
SIﬁzzés: when cities, industries, and irrigation
zt;iculture withdraw large amounts of ground
water; when coal and other mineral resources
are mined; when there is solution mining of
subsurface mineral deposits, such as salt; or
when large amounts of petroleum have been
extracted. All of these activities can result in
the slow subsidence or the unexpected collapse
of the land surface. If agriculture overlies these
areas, it can suffer slow or immediate conse-

quences.

Land subsidence is often the result of the
combined influence of human activities and
the land’s natural proclivity to such disturb-
ances. Certain soils and terrains are much
more likely to suffer subsidence than others.
Clays, for example, generally compact and sub-
side more than coarser sediments such as silts
and sands. Thus, it is often difficult to isolate
the specific cause or causes of land subsidence.

But how does ground water withdrawal, irri-
gation, or perhaps the draining and farming of
organic-rich soils cause subsidence? Because
water commonly fills the spaces between the
rocks and particles that make up underground
sediments or sedimentary rock, it contributes
to the volume of land. When wells are drilled
and ground water is removed faster than it is
replaced naturally, the ground water level

drops. The loss of the water’s buoyant support

of the rock and mineral grains leads to in-
creased grain-to-grain stress in the aquifer
below. If the stress is great enough to cause the
individual grains to shift and move close to-
gether, land subsidence results. Subsidence can
take place in small increments over decades
and, therefore, may go unrecognized in its
early stages.

The effects of subsidence on agriculture have
been most extensive in areas where ground
water withdrawal for irrigation is common.
For example, water withdrawal has greatly af-
fected agriculture in the San Joaquin Valley of
California. During 40 years of irrigation pump-
ing, some 2,500 mi? in three main areas have
suffered subsidence. Some areas sank as much
as 20 ft; in 1967, some land was sinking at rates
up to 1 ft a year (Marsden and Davis, 1967).
The gradual lowering of the land surface dam-
aged expensive water-well casings, irrigation
systems, buildings, drainage and flood-control
structures, and other manmade structures. As
the land subsided, flow directions were re-
versed in irrigation canals that normally had
slopes of 0.3 ft per mile and major structural
changes were required to maintain irrigated
crop production. Such changes included rais-
ing or rebuilding bridges, pipelines, and other
associated structures. Costs are high for repair-
ing such damage. In California’s Santa Clara
Valley, subsidence costs are estimated at $15
million to $20 million (Lehr, 1980).

Similarly, in California’s San Jacinta Valley
approximately 5,400 miZ of cropland have sub-
sided at the rate of 1.2 ft a year since measure-
ments began in 1935. Subsidence has reached
nearly 28 ft in areas where irrigation wells
pump as much as 1,500 acre-ft of water per
year (Lehr, 1980).

Withdrawal of large amounts of ground wa-
ter from the gulf coast aquifer underlying the
Houston-Galveston, Tex., area parallels the Cal-
ifornia experience. In this case, most ground
water withdrawals have been for industrial and
urban uses. Nevertheless, agricultural lands are
affected adversely. Land subsidence there be-
gan as a result of ground water withdrawal
starting as early as 1906. During a 26-year
period, 1943-69, in the Houston area, a region
some 15 miles in diameter suffered 2 ft of sub-



56 e Impacts of Technology on U.S. Cropland and Rangeland Productivity

sidence. An area with a diameter of about 60
miles, much of it rural land, suffered at least
6 inches of subsidence during the same period.
These depressed land surfaces act as catch-
ments during heavy hurricane-associated rain-
fall and, thus, periodically limit the land’s
usefulness for crop production (Flawn, 1970).

Land subsidence can be halted, but not eas-
ily. Water can be pumped back into the aquifers
to end subsidence, and a slight rebound of the
land surface may occur. But in areas where
water is scarce, what would be the recharge
water source? Subsidence can be slowed by re-
ducing ground water withdrawals or by pump-
ing only from widely dispersed wells. These
approaches have promise only where alterna-
tive sources of freshwater are available for irri-
gation agriculture. Finding alternative water
sources is becoming increasingly difficult.

Introducing irrigation water into very dry
areas that are covered by alluvial or mud-flow
sediments with large pore spaces can cause
reorientation of the sediment particles and thus
cause subsidence. A 27-month irrigation test
on such sediments along the western side of
the San Joaquin Valley in central California
caused a 10.5-ft drop in the land surface,
resulting in damage to roads, pipelines, and
transmission lines (Flawn, 1970).

When drained, peat and other organic-rich
soils are subject to oxidation and decompo-
sition of the exposed organic matter, thereby
causing shrinkage and subsidence. Drained
organic soils in the Sacramento-San Joaquin

delta area of northern California subsided
to 14 ft between 1850 and 1950 (Flawn, 197
A similar situation exists in the Belle Gla
area of Florida where half of a 10-ft peat depc
it has disappeared from agricultural fiel
through oxidation over a 50-year period. Und
original conditions, the peat accumulated
about 1 ft per 400 years (Shrader, 1980). Su
sidence on organic soils in Florida’s Everglad
agricultural area varies from 1.5 to 3.1 cm/ye
depending on the land use (Lehr, 1980).

Land subsidence can affect agriculture adi
versely. These changes are typically perma
nent, and subsided land cannot be restored td
its original state. In most areas of land subsi:
dence, relevant data are collected largely by
State and local agencies. In California, for ex-
ample, USGS, in cooperation with the State,
maintains a network of land subsidence sta-
tions and wells. The data on subsidence seem
to be sufficiently accurate and adequate for
most agricultural planning purposes.

Agriculture’s investments in irrigation sys-
tems are expensive and normally are designed
for a long useful life. But where ground water
withdrawals for irrigation cause subsidence,
sustainability of the agriculture system is jeop-
ardized. Subsidence related to changes in or-
ganic soils affects land productivity, as well,
because continual changes in the topography
of the land may interfere with irrigation sys-
tems and other infrastructure.

UTILITIES OTHER THAN CROPS AND FORAGE

Agricultural lands are managed to produce
crops and forage, but other, less quantifiable
services from the land are also vitally impor-
tant to the Nation’s well-being. These benefits
are often taken for granted or assumed to come
solely from nonagricultural land. The quality
of air, water, ground water, fish and wildlife
habitats, and esthetic and recreational areas are

all directly related to croplands, pasturelands,
and rangelands.

An agroecosystem does not end at the edge
of a field or pasture, but includes the bound-
aries—fences, hedgerows, windbreaks, nearby
fallow fields, riparian habitats, and adjacent
undeveloped areas. As the quality and quanti-
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Photo credit: USDA—Soil Conservation Service

A cool, clear unpolluted stream in the Monongahela National Forest

ty of these areas is changed by agricultural ac-
tivities, the utilities obtained from the land also
change.

Effects on Air Quality

Vegetation and soil are major factors in the
balance of gas cycles. Plants, through photo-
synthesis, remove carbon dioxide and are the
primary source of atmospheric oxygen. Soil
plays a less well-known role in the nitrogen
cycle. Nitrogen oxides are an important fac-
tor in the destruction of stratospheric ozone,
and agricultural activities affecting nitrous
qxide (N,0) are coming under increasing scru-
tiny. Soil can act both as a source and as a sink

84-391 0 - 82 - §

for atmospheric N,O during periods of mod-
erate soil-water content.

N,O is produced during denitrification in
soils when the soil nitrate content is high, the
temperature is conducive to high respiratory
oxygen demand by soil biota, and the water
content causes restricted soil aeration. Any
agricultural activities affecting nitrate content,
water content, or soil temperature will affect
the yearly flux of nitrogen oxides. For exam-
ple, converting grassland to annual crops is
likely to release N,O to the atmosphere.

Soil micro-organisms can eliminate air pol-
lutants, such as carbon monoxide and various
gaseous hydrocarbons, in the lower portion of
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the atmosphere that comes into contact with
the ground (Alexander, 1980). In addition,
plants are effective in removing pollutants such
as sulfur dioxides (SO,), from air and con-
verting them to less toxic or harmless sub-
stances. Plants absorb SO,, which then reacts
with water to form phytotoxic sulfite. This is
slowly oxidized within the plant cells to rela-
tively harmless sulfates. If too much gas is ab-
sorbed too rapidly, however, the plant suffers
the consequences of retaining a dangerous
level of the toxic sulfite within its cells (Daines,
et al.,, 1966). It is difficult to measure the
amount of pollution with which an ecosystem
comes into contact, and more difficult still to
measure how much of the pollution is re-
moved.

Another way in which soil and vegetation
help maintain air quality is by controlling wind
erosion. Wind erosion introduces 30 million
tons of particulates to the U.S. atmosphere each
year. Soil organic matter and vegetation anchor
the soil and keep it in place. Conventional till-
age removes plant cover and pulverizes soil,
thus impairing its binding functions. Crop resi-
due management, stubble mulching, no-till
farming technologies, irrigation, and appropri-
ate grazing management—technologies dis-
cussed later in this report—can decrease wind
erosion.

Forests, woodlands, shrubs, and the taller
farm crops also filter the suspended particulate
matter from moving air masses and return it
to the soil, improving the layers of air im-
mediately above the ground. When vegetation
is removed, as it was for the expansion of
agriculture in the 1930’s, the effect on quality
of air and life is dramatic:

More than 6 million acres were put out of
production by dust storms; farmsteads were
partially buried and damaged or totally de-
stroyed and abandoned; the health of people
and livestock suffered; many animals died of
dust suffocation; machinery was damaged or
destroyed; ditches and waterways were filled;
valuable topsoil was lost; and soil fertility was
seriously impaired for years to come (Walker,
1967).

Effects on Water Quality

When properly managed, land acts as an ¢f
cient “living filter” in the water cycle. Plg
roots absorb nutrients, microbes degrade co
plex organic molecules, and the soil’s orga
and inorganic colloids have tremendous z
sorptive capacity. Any agricultural activity th
reduces any of these three mechanisms redug
the land’s ability to provide clean water. Son
of the major forms of water pollution asso
ated with agriculture are silt from soil erosic,
nutrient runoff from large feedlots, and coi
centration of chemicals (including those froj
pesticides and fertilizers) in return flows fro;
irrigation systems.

Increased sedimentation of streams ar
other bodies of water, primarily a result of er¢
sion, has many adverse effects. Fish feedin
and breeding areas may be destroyed by sil
Streams may become broader and shallowe
so that water temperatures rise, affecting th
composition of species the stream will suppor,
Riparian wildlife habitats change, generally re
ducing species diversity.

Pollutants and nutrients associated witl
eroded sediments can have adverse impacts on
aquatic environments. Concentrations of tox:
ic substances may kill aquatic life, while nutri
ents in the runoff can accelerate growth o
aquatic flora. This can aggravate the sedimen
tation problem and lead to accelerated eutro
phication of the water bodies. Eutrophication’
is a process that usually begins with the in-
creased production of plants. As they die and
settle to the bottom, the micro-organisms that
degrade them use up the dissolved oxygen. Sed-
imentation also contributes to exhausting the
oxygen supply, especially in streams and riv-
ers, by reducing water turbulence. Thus, the
aquatic ecosystem changes dramatically.

Phosphorus and nitrogen are the major nutri-
ents that regulate plant growth. Soil nitrogen
is commonly found in water supplies. Phos-
phorus, on the other hand, is “fixed” in the soil,
so runoff typically contains relatively small
amounts. Under normal conditions, phos-
phorus is more likely to be the limiting factor
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.1 aquatic plant growth. Since phosphorus
1nl ng with potassium, calcium, magnesium,
e lofur and the trace elements) is held by col-
Su'd n;aterial, it is abundant in waters receiv-
}ffg Jarge amounts of eroded soil.

Natural eutrophication is generally a slow
process, but “cultural” (man-caused) eutrophi-
cation can be extremely rapid and can prgduce
nuisance blooms of algae, kill aquatic life by
depleting dissolved oxygen, and render water
unfit for recreation. Replenishing the oxygen
supply isa costly remedy because of the energy
required to mix and dissolve sqch a sparingly
soluble gas into aqueous solutions.

The nutrients reaching water supplies from
natural sources, however, vary widely depend-
ing on the land and soil type. Water from highly
fertile, unfertilized agricultural lands can have
a higher content of plant nutrients than water
from heavily fertilized, well-managed cropland
low in natural fertility. Nutrient losses from
properly fertilized soils, in fact, can be less than
from soils to which no amendments are added,
since a vigorously growing crop will use the
available nutrients (Smith, 1967).

Another aspect of water pollution from agri-
cultural sources is the danger to human and
animal health by runoff from livestock feedlots.
Coliform and enterococcus bacteria living in
the fecal waste of the animals can reach water
supplies if the runoff from these feedlots is im-
properly managed. If allowed to percolate
slowly through the soil, however, the coliform
and enterococcus bacteria are adsorbed on col-
loidal material and die. This natural filtering
mechanism is very efficient—more than 98 per-
cent is removed in the first 14 inches of soil.

Another essential service provided by a prop-
erly managed environment is that it provides
clean recharge water for ground water aqui-
fers. Most of the removal of readily degradable
pollutants occurs near the water’s point of en-
trance into ground water reservoirs, provided
the environment is conducive to microbial ac-
tion. Precipitation filters through the ground

and recharges ground water at a rate of approx-
imately 300 trillion gallons per year (CEQ,
1980).

Reducing the percolation and filtration capa-
bilities of soils, contaminating surface waters,
and lowering water tables all hinder aquifer re-
charge. Improved grazing management, tech-
nologies to reduce erosion and runoff into sur-
face water, controlled ground water with-
drawal, and artificial recharge with fresh or
purified water are technologies that enhance
the land’s ground water recharge function.

Effects on Fish and Wildlife

Wildlife are broadly affected by agricultural
activities. The most widespread problems are
a result of expanding cropping and grazing into
wildlife habitats, overgrazing of riparian areas,
and agricultural activities that contaminate
aquatic habitats.

As American settlers cleared forests and
plowed prairie land for cultivation, many wild-
life species vanished. Some species that were
adapted to open areas continued to prosper.
The cottontail, bobwhite, crow, robin, red fox,
skunk, and meadow mouse benefited as forests
were opened to fields. Forest edge-loving
species, such as the white-tailed deer, increased
as more of their favored environment was
available, but later declined as forest clearing
increased. Other species could not adapt to the
changed environments, however.

In the West, wilderness prairie animals—
bison, pronghorn antelope, mule deer, and grey
wolf—began to decline almost immediately as
their habitat disappeared. Large species and
predators were especially affected. By the turn
of the 20th century, wilderness animals had vir-
tually vanished from the East, from much of
the prairie further west, and from the more fer-
tile valleys of the Far West.

The abandonment of farms, particularly
upland farms with sloping fields, sometimes
improves habitat for wildlife, though the diver-
sity of species is still greatly reduced from the
original flora and fauna. Some conversion of
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farmland to protected forestlands and vaca-
tionlands also occurs.

As crop yields on sloping uplands decline
with erosion and fertility loss, farmers some-
times convert upland fields to pasture and
drain lowlands for crops. Wetlands drainage
removes habitats for migrating and resident
waterfowl, and can remove the last remaining
winter cover for some species of wildlife such
as pheasants. The removal of fence rows and
shelter belts also reduces wildlife habitat.

Irrigation of drylands, though, actually pro-
vides new habitat into which pheasants and
other wildlife can expand. Habitat also is en-
hanced by the more than 2 million acres of
farm ponds, dugouts, and stock tanks that have
been created. Especially where protected from
livestock, these waters and their shoreline
vegetation provide habitat diversity and niches
for birds, amphibians, reptiles, fish, and other
wildlife (Burger, 1978).

Mechanization also has had a dramatic im-
pact on wildlife. For example, mechanical
cornpickers leave more waste grain after corn
harvests than handpicking. Canadian geese,
mallard ducks, and other field-feeding water-
fowl have benefited substantially from this new
food source. As a consequence of this drainage
of wetlands, irrigation of drylands, and crea-
tion of waterfowl refuges, the migratory paths
of many wildfowl have changed.

Land-forming, chemical treatments, and
other agricultural technologies often affect
wildlife adversely. The replacement of contour
plowing and stripcropping by leveling and fill-
ing surface irregularities in fields removes
wildlife habitat on farmlands. Various agricul-
tural chemicals have deleterious effects on
wildlife. For example, bioaccumulated chlori-
nated insecticides produce eggshell thinning
in several predaceous birds. Other insecticides
that have found their way into streams can
significantly reduce invertebrate populations
on which many fish depend (NAS, 1974).

Adverse effects from chemical applications
are not new. In Colorado, the pesticide Paris
Green, used by farmers to counter a grasshop-

per invasion in 1931, nearly eliminated the
newly introduced ring-necked pheasant. Pesti
cide pollution is also responsible for the emerg
ence of pesticide-resistant populations of agri
cultural pests. A shortage of data exists, how
ever, on the adaptations of these pests on ;
biochemical or genetic level. Thus, the long
term effects of pesticides on pest population:
are unknown (Winteringham, 1979).

Cattle and sheep grazing and man’s contro,
of fires in the Western States have been respon-
sible for changing large areas of grassland inta
shrubland, thereby reducing the productivity
of those lands for wildlife and water resources
(Littlefield, 1980). Competition between some
wildlife—e.g., bighorn sheep and American elk
—and livestock also can occur.

Overgrazing reduces the perennial native
grasses on which cattle thrive and allows
sagebrush, a less nutritious forage, to increase
Seedings of introduced grasses (e.g., crestec
wheatgrass) can provide good replacement for
age for livestock, but wildlife generally does no
prosper in such monocultures.

Overgrazing of riparian habitats is particular
ly detrimental, both to the wildlife that depenc
on streamside vegetation and to the aquatic life
in streams and lakes. Riparian habitats are gen-
erally more productive of plants and animals
and are more diverse than the surrounding
range. Abuse or misuse of these more fragile
waterside habitats thus can be especially dam-
aging.

Generally, sheep do little damage to riparian
habitats because they prefer open vegetation
areas. Cattle, however, are particularly damag-
ing to riparian habitats because they prefer the
succulent growth and because they congregate
in large numbers over long periods, especial-
ly during the often critical periods of spring
and summer. Deer and elk rarely congregate
enough to do damage (Cope, 1980)

Riparian soils generally have high infiltratior
capacities and release captured water slowly
to streams. Cattle grazing in these areas, how:
ever, reduces riparian vegetation, compact:
soils, and destroys overhanging streambanks
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Il of which promote erosion and increase the
:ediment load of the stream.

Stable streambanks hold sediment, control
water velocities, give cover to aquatic life, and
supply terrestrial foods to the ecosystem. When
streambanks are broken down, sediments from
the debilitated streambank and from runoff on
nearby lands pollute the stream. Thus, eutro-

hication may begin along with all of the con-
comitant changes in the riparian and aquatic
ecosystems. Fish production is suppressed by
elevated water temperatures, fish foods and
spawning beds are buried by sediments, and
aeration is reduced. Game fish, such as trout,
are reduced or eliminated, and replaced by
hardy but less desirable species (e.g., chubs)
that can survive in shallower streams with
lower oxygen content.

Grazing also can intensify bacterial and
pesticide pollution. Flushing of animal feces

into aquatic systems may cause algal blooms
that reduce photosynthesis by aquatic plants,
make less oxygen available to aquatic life, and
release toxic wastes under anaerobic condi-
tions.

The food and fiber products supplied by the
Nation’s agricultural lands represent only a
part of their value. Agroecosystems play an
essential role in maintaining air and water
quality, in recharging underground aquifers,
and in providing fish and wildlife habitat.
Although these benefits are often difficult to
measure, they are an important dimension that
should not be underrated by agricultural pol-
icymakers.
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INTRODUCTION

There are about 853 million acres of range-
Jand in the United States. This includes natural

rasslands, savannas, shrublands, most deserts,
tundra, coastal marshes, and wet meadows.
Typical range vegetation includes grasses,
grass-like plants, forbs, and shrubs. (Pasture-
land, by contrast, is land improved for forage

roduction by intensive management of the soil
and vegetation.) In the contiguous United
Gtates, over half the rangelands are seriously
degraded (USDA/RPA, 1980).

Excluding Alaska, 97 percent of the Nation’s
rangelands are located in the Great Plains and
the arid and semiarid West. More than half of
this land, 66 percent, is privately owned (see
fig. 8). These private rangelands generally have
the greatest inherent productivity and include
most of the highly productive prairie and wet
grassland ecosystems.

Federal rangeland areas are administered as
follows: Bureau of Land Management (BLM),
24 percent; the U.S. Forest Service (USFS), 6
percent; and other Federal agencies (including
the Fish and Wildlife Service and the military),
4 percent. Generally BLM lands are drier, less
productive, and more fragile than private
lands. They include large desert ecosystems
with little or no carrying capacity for livestock
and extensive shrubland of low productivity.
USFS rangeland includes substantial areas of
less arid, more productive mountain ecosys-
tems.

Alaska contains 231 million acres of range-
land, much of it (79 percent) in good condition
because it has not yet been used for livestock
grazing. Information on which agencies ad-
minister Alaskan rangelands are imprecise be-
cause of landownership changes mandated in
the 1980 Alaska lands bill. The 1980 Resource
Planning Act report indicates that BLM is the
major “owner,” managing over half the Alas-
kan rangelands. When that figure was deter-

Figure 8.—U.S. Rangelands
Other

BLM

. Federal
34 percent \
213.6 million

-

Rangeland, excluding Alaska
Total = 621.4 million acres

Alaskan rangeland
Total = 231 million acres

NOTES: Federal data are from the Resource Planning Act (RPA) 1979; non-Federal
data are from 1977 National Resources Inventory (NRI); State land
estimated by Tom Frye, USDA, Census of Agriculture; statistics on total
range are imprecise. NRI indicates 621 million acres (outside Alaska)
whereas RPA indicates 588 million acres.

mined, USFS controlled about one-fifth of the
Alaskan rangelands, other Federal agencies
had about two-fifths, and only about 2 percent
was in private ownership (USDA/RPA, 1980.)

Demands for rangeland products and serv-
ices are expected to increase sharply in the
next two decades (USDA/RPA, 1980 and
USDA/RCA, 1980), but opportunities for in-
creased production from U.S. rangelands are

67
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great. For example, the potential production
of herbage and browse from rangelands out-
side Alaska is estimated at over 700 million
pounds per year while the present production
is less than half of that (USDA/RPA, 1980). In
regions of moderate to high rainfall, water
yields from rangeland watersheds could be sig-
nificantly increased by appropriate vegetation
management (Hibbert, 1974). Recreational use,
too, can be increased substantially (USDA/
RPA, 1980).

In spite of these potentials, most range]
ecosystems are not resilient when misused
cause they are typically arid and natural p
growth is slow. The natural forces that ten
degrade ecosystems—i.e., wind, rainfall,
temperature extremes—are also especi
powerful in dry areas.

CONDITION OF U.S. RANGELANDS

In the contiguous United States, over half the
rangelands are seriously degraded and suffer
from reduced productivity caused by the ill ef-
fects of mismanagement, overgrazing, and ero-
sion. Only 15 percent of the range is rated in
good condition. Ranges in fair condition con-
stitute another 31 percent of U.S. rangelands;
38 percent are rated poor; and 16 percent are
very poor (see fig. 9) (USDA/RCA, 1980).*

‘““Range condition” is a complex and inexact
measure where the present condition of the
soils and vegetation is compared to what is
thought to be the ecological climax communi-
ty as dictated by the climate, native vegetation,
and original (pre-European settlement) soil type
at the site. For rangelands where exotic vegeta-
tion has replaced the natural plant communi-
ties, as in most of California, range condition
is determined by comparing the present soil
and vegetation to the potential for the site with-
out irrigation or fertilization.

Overgrazing causes great loss of productiv-
ity on U.S. rangelands. While present trends
in range productivity are difficult to determine,
the historical deterioration is well documented.
Almost all the Western arid and semiarid
ranges were severely overgrazed in the first

*For this assessment, range is rated in four categories—good,
fair, poor, and very poor, depending on the difference between
the land’s present vegetation and the ecological potential of the
site. Range rated “good” has vegetation between 61 and 100 per-
cent of potential; “fair” range is 41 to 60 percent of potential;
‘“poor” range is 21 to 40 percent of potential; and “very poor”
range is 20 percent or less of potential (USDA/RCA, 1980).

Figure 9.—Rangeland Condition in the United Stagi

Good condition

SOURCE: USDA 1980, Resources Conservation Act.

two or three decades following settlement. For
example, the first settler to the Salt Lake Valley,
Utah, arrived in 1847; just 32 years later, the
Utah paper, Deseret News, reported:

The wells are nearly all dried up and have
to be dug deeper. At the present time the pros-
pect for next year is a gloomy one for the farm-
ers, and in fact, all, for when the farmer is af-
fected, all feel the effects. The stock raisers
here are preparing to drive their stock to
where there is something to eat. This country,
which was one of the best ranges for stock in
the Territory, is now among the poorest; the
myriads of sheep that have been herded here
for the past few years, have almost destroyed
our range (Clegg, 1976).
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The process by which rangelands deteriorate
is well understood. Cattle and sheep bite plants
for food, consuming much of the aboveground

art of the plant before moving to the next

]ant. In this they are like the enormous herds
of bison and other large wild herbivores that
once grazed the rangeland. But domestic live-
stock can cause serious harm to plants, espe-
cially grasses, whereas large wild herbivores
generally did not (Littlefield, et al., 1980). The
wild herbivores stayed in herds and moved to
other ranges after “mowing” the forage once.
Domestic livestock, on the other hand, scatter
over the landscape and stay on the same gen-
eral site until the rancher moves them. If a
rancher overstocks a site and does not move
the herd, they are likely to return to a plant
again and again, never letting it regain enough
green material to maintain its root system or
to store energy against periods of drought
stress (Savory and Parsons, 1980). When the
palatable and overstressed perennial grasses
die out, substantial changes in the ecology and
hydrology of the land commence. Overgrazing
removes the grass cover and leads to less plant
litter; increased runoff; sheet, rill, gully, and
streambank erosion; and less organic matter
in the soil. The resulting denuded land is also
more susceptible to wind erosion, especially
during drought.

Moreover, the degraded land can then be in-
vaded by less productive plants, commonly
called weeds and brush. Annuals, such as Rus-
sian thistle (tumbleweed) and cheatgrass, take
hold, and deep-rooted shrubs, such as mes-
quite, proliferate. In northern regions,
sagebrush is the primary invader. Accompa-
nying these vegetation changes are upheavals
in wildlife populations. Most species decline,
especially the ground-nesting birds, such as
quail and grouse, and the herbivores, such as
bighorn sheep, pronghorn antelope, and Amer-
ican elk. A few wildlife species, such as the
kangaroo rat, jackrabbit, zebra-tailed lizard,
and horned lark, prosper in overgrazed areas.

Livestock grazing can be particularly hard
on riparian areas near streams, waterholes, and
springs. Riparian plants are more appealing to
grazing animals and more productive, so are

eaten more often. And riparian sites suffer
greatly from trampling because animals spend
more time in them and because their moist
soils are more susceptible to compaction.

Overgrazing also reduces the proportion of
rain and snowmelt that soaks into the ground.
Ungrazed rangeland on the southern Great
Plains, for example, was found to have infiltra-
tion rates nearly four times the rates on grazed
rangeland of similar character (Brown and
Schuster, 1969). Rainwater and snowmelt rush
off denuded or compacted land instead of
being absorbed into the soil. This, in turn,
makes streamflows more erratic, tending
toward a flood and drought regime. Whole
river systems can be changed. The Santa Cruz
River in Arizona, for example, was a meander-
ing perennial river that supported an abun-
dance of fish and other wildlife until its water-
shed and riparian areas were overgrazed. Now
it is dry most of the time (Sheridan, 1981).
Grassland restoration and conservation pro-
grams can reverse these effects and improve
streamflow significantly (Hibbert, et al., 1974).

The increased runoff associated with over-
grazing also increases gullying, or “arroyo-cut-
ting,” as it is called in the Southwest. Com-
bined with the increased sheet erosion caused
by overgrazing, gullying carries large amounts
of silt into rivers such as the Rio Grande. In-
deed, it is estimated that one of the Rio
Grande’s most overgrazed watersheds—the Rio
Puerco Basin in northwest New Mexico—pro-
duces over 50 percent of that river’s total silt
load while supplying only 10 percent of its
water (Adams, 1979).

Historically, overgrazing effects have been
most severe in arid areas where the land is least
resilient. Thus, range conditions are now worst
in the Southwestern States. Two-thirds of the
rangelands of Texas, New Mexico, Arizona,
and California have range condition degraded
to 40 percent or less of the original condition.
(USDA/RPA, 1980).

The loss of productivity from overgrazing in
the Southwest is reinforced by climate changes.
Over the past 100 years, the natural vegetation
on large parts of the Southwest has undergone
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changes on a scale usually associated with
geologic time. Vegetation zones at different
elevations have changed noticeably. At low
elevations, vegetation in the desert shrub and
cactus communities have become sparser,
while the desert grasslands have receded great-
ly and have been replaced by desert shrubs,
cacti, and mesquite. At higher elevations, mes-
quite has taken over oak woodlands, and the
timberline of spruce and fir trees has moved
upward (Hastings and Turner, 1972).

Scientific opinion differs on the cause of
these profound changes. Some experts contend
that the changes are the result of a change in
the region’s climate, which apparently has
become more arid, with rainfall decreasing
about 1 inch every 30 years. Other scientists
contend that the prime cause of the vegetation
changes was the huge influx of cattle and sheep
that occurred in the latter part of the last cen-

tury. It is likely that climate and livestock cq
bined forces to bring about the most dramg
changes. By weakening the grass cover, dom
tic grazing animals have reinforced the gene
tendency toward aridity by contributing to ¢
imbalance between infiltration and runoff;
favor of runoff (Hastings and Turner, 1973

Average range condition figures for t]
United States as a whole are not so negatit
as the figures for the Southwestern States b
cause the climate in other regions gives t|
land more resiliency. Still, the overall conc
tion is not good. Excluding Alaska, over ha]
(54 percent) of the U.S. rangelands have rang
condition degraded by 60 percent or more. I
Alaska, four-fifths of the rangeland still ha
over 80 percent of its original productivity-
most of it is still virgin. Less than 2 percent-
just over 4 million acres—has been degrade
to 40 percent or less of the original conditior

CURRENT TRENDS

Experts do not agree on whether the overall
trend in rangeland productivity is improving,
remaining static in its degraded condition, or
continuing to degrade, and there are inade-
quate data to resolve the question. Nationwide
studies of range condition were done in 1936,
1968, 1972, and 1976. Unfortunately, these do
not comprise a time series that can be exam-
ined to discern the national trend. The studies
from 1976 and 1972 use much of the same data
as the 1968 study. Comparing the 1936 data to
the 1968 data is not useful because the methods
for measuring range condition have changed
and because the earlier study measured condi-
tions under an uncharacteristic drought while
the later study measured conditions in a more
normal period.

Trends in range condition can be estimated
without time series data by using indicators
such as species reproduction, plant vigor, plant
litter, and surface soil condition. BLM, in the
process of making environmental impact as-
sessments for its range management plans, is
now investigating range condition trend indi-

cators rigorously. Most of their assessments in~
dicate that stocking rates (grazing pressure)
must be lowered 20 to 75 percent to avoid fur-
ther deterioration (Young and Evans, 1980).

In general, range experts report that forage
production on non-Federal land has gradual-
ly improved over the past 30 years, but that
these lands are still degraded from their eco-
logical potential. The Federal rangelands are
apparently either static in their degraded con-
dition or are continuing to deteriorate. There
are some exceptional sites where atypical levels
of management are improving Federal range
condition.

Available data indicate that the area of
rangelands has been declining in recent dec-
ades. By 2030, the total area of rangeland is pro-
jected to decline 7 percent. The acreage lost
will come primarily from private lands as range
is converted to cropland or pasture or devel-
oped for residential areas, highways, airports,
and mines (USDA/RPA, 1980).
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MONITORING PRODUCTIVITY

e factor that seriously complicates the
tion of rangeland productivity trends is
hly variable weather characteristic of
the Western States. Rangeland plant produc-
tion can fluctuate more than 300 percent from
one year to the next as a result of a variation
in precipitation (Box, 1980). Ideally, a large
sample of sites in each rangqland region and
subregion should be monitored regularly
through several drought cycles to determine
trends in rangeland productivity. Eventually,
the Resource Planning Act and Resource Con-
servation Act processes of planning and assess-
ment might include such a monitoring pro-

gram.

On
evalua
the hig

Meanwhile, however, improved monitoring
is needed to help manage local sites. Esti-
mates of factors such as species composition,
forage output, degree of ground cover, and
symptoms of erosion—on which rangeland
trend assessments have traditionally been
based—would be more useful if they were

augmented by systematic monitoring of the
rangeland’s other vital signs, including:

e the reproduction rate of various species in
order to determine whether the plant com-
munity succession is advancing or regress-
ing;

e the rate of soil loss by water and wind ero-
sion;

¢ the soil’s water infiltration rate, organic
content, and degree of compaction and
capping;*

¢ the water quantity and quality of aquifers
and their hydologic interaction with
streams; and

e the population dynamics of native animals
(including fish) which depend on the
rangeland habitat for food, water, and
cover.

**“‘Capping” refers to the formation of a thin crust on the soil
surface. It occurs in the more arid types of rangelands, caused
mainly by the action of raindrops striking the soil surface and
by the chemical-physical dynamics of soil drying. It leads to in-
creased runoff and decreased infiltration of rain and snowmelt.

PRODUCTIVITY-SUSTAINING TECHNOLOGIES FOR RANGELANDS

A variety of management technologies has
been developed to improve deteriorated range-
land. These may be broadly categorized as:

¢ adjusting livestock numbers;

¢ controlling animal use with grazing sys-
tems;

e promoting desired plant species;

¢ controlling noxious plant species; and

* controlling noxious animal species.

Congress has legislated objectives for use of
Federal rangelands. These are stated in the
Classification and Multiple Use Act of 1964,
the Forest and Rangeland Renewable Re-
sources Planning Act of 1974, the Federal Land
Policy and Management Act (FLPMA) of 1976,
and the Public Rangeland Improvement Act of
1978. Generally, these laws state that multiple

resource values are the management objectives
for public land. The laws establish resource-
inventory and land-use planning mechanisms
for ““the harmonious and coordinated manage-
ment of the various resources without perma-
nent impairment of the productivity of the
land . ...” (FLPMA, sec. 103 (c)). Translating
general multiple-use, sustained-yield objectives
from laws into achievable management objec-
tives is extremely difficult, especially when two
or more legitimate uses of the land are in con-
flict. FLPMA specifically states that multiple-
use management should consider the relative
values of the resources and not necessarily the
combination of uses that will give the greatest
economic return or the greatest unit output.

In theory, rangeland management strategies
should include explicit statements of achiev-
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able objectives, management programs to apply
technologies, monitoring programs to measure
progress toward the objectives, analysis meth-
ods to indicate how the management could be
changed to enhance progress, and a mecha-
nism to implement the changes indicated by
the analyses. In practice, however, there are
often no statements of achievable objectives,
no rigorous monitoring programs, no repli-
cable analysis methods, and no feedback mech-
anisms to facilitate adjustment of the tech-
nologies.

Most range management technologies are de-
signed to foster livestock production. However,
some technologies exist that have other utilities
as their major objective. These include game
and fish management techniques, erosion con-
trol to decrease sedimentation of streams and
reservoirs, and vegetation manipulation to in-
crease watershed yields. These technologies
are not well developed, however. Scientists and
resource managers working with rangelands
seem most concerned with livestock produc-
tion technologies. Because livestock manage-
ment considerations dominate rangeland use,
managers seeking to enhance wildlife or other
values would probably be most effective if they
focused on influencing the choice of livestock
production techniques. This traditional focus
on livestock and the paucity of technologies
directed at other values may explain in part
why livestock considerations continue to dom-
inate Federal rangeland management deci-
sions, even on ranges where livestock is not the
dominant objective (e.g., on wildlife refuges)
(Littlefield, et al., 1980).

This discussion begins with an overview of
technologies appropriate for sustaining range
resources and concludes with more detailed
descriptions of three promising new ap-
proaches: integrated brush management sys-
tems, short duration grazing, and grazing po-
tentials in eastern woodlands.

¢ Adjusting livestock numbers is the most
widely used range management technique.
First, the carrying capacity of the range site is
estimated to determine the numbers and types
of grazing animals and the seasons they are to

—

graze. Then grazing occurs with the indicaté
livestock in the indicated seasons. After o
or more years of grazing, the range conditioy
need to be carefully reassessed. If the rang
shows indications of overgrazing or undergra
ing, the intensity and timing of grazing are g
justed accordingly. The process can be p
peated to fine-tune the carrying capacity esi
mate.

Adjusting stock rates to the land’s carryin
capacity sounds relatively simple, but in prac
tice there are severe difficulties. First, the inj
tial carrying capacity can only be estimated
In theory, the range manager calculates carry
ing capacity by measuring the site’s total an
nual forage production. Then he subtracts th;
forage that must remain ungrazed to protec
the health of plants and soil quality. The re
mainder is available for grazing, but the range,
manager must also consider that some forage:
is likely to be eaten by wild herbivores. (In:
some cases this sharing of the forage between:
wild and domestic animals is adjusted by re-
ducing the wild animal numbers to decrease
their share, or by manipulating the number or
timing of domestic animals’ grazing to increase
the forage for wildlife.) When the total pounds
of forage available for livestock are known, that
weight is divided by the ration needed per ani-
mal per time unit. (Rations per animal can vary
with the character of the site.)

The estimation of carrying capacity is com-
plicated by the vagaries of precipitation in the
arid and semiarid West. Since range managers
cannot foretell precipitation rates when plan-
ning stocking rates, they need to determine if
the year that produced the forage crop meas-
ured was typical and then discount that to
allow for drier years. At this stage, the carry-
ing capacity estimate changes from science to
art, and the value of estimates of factors such
as the wildlife share of the forage becomes
doubtful.

Rather than do such precise analyses, man-
agers commonly measure total forage produc-
tion and estimate that 50 percent of it is
available for livestock grazing (Menke, 1981).
Although the continuous reevaluation of range
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condition, trend, stocking records, and the ad-
justment of animal numbers and timing are
critically important, this reevaluation and read-
justment is often not practiced. As a result, the
rangeland is overgrazed, especially during
drought, and sometimes undergrazed during
wetter periods (Box, 1980).

Another difficulty with adjusting animal
numbers is that ranching operations often are
not flexible and cannot accommodate changes
in animal numbers or adjust seasonal grazing.
If reduced grazing pressure is necessary at a
time when livestock prices are low, the rancher
might incur a substantial loss. To avoid this
loss, some ranchers choose to overgraze the
range, hoping the drought will pass quickly.
This is possible if the rancher controls range
use by right of ownership or tenure, or if his
lease is based on a carrying capacity estimate
that did not foresee the drought. Obviously, this

The grass is always greener on the other side. These young heifers look longingly at
that was set aside for recovery

84-391 0 - 82 - 6

method can damage the long-term productivi-
ty of the range. Other ranchers may stockpile
or purchase alternative sources of forage to
feed livestock through drought. Losses in-
curred by selling part of the herd in stressful
times can be minimized if the age and sex ratio
of the herd are designed for economic flexibili-
ty (Scifres, 1980).

Yet another problem in range management
is related to the issue of animal types. The car-
rying capacity of most range ecosystems can
be greater for a variety than for any one type
of animal (Box, 1980). If a single species such
as cattle is stocked, the overall productivity of
the rangeland can be less and overgrazing
more likely than if a variety, such as cattle with
bison, sheep, or goats, could be used. It is also
possible to achieve higher productivity by
using a combination of domestic and wild ani-
mals with different food preferences. In prac-

Photo credit: U.S. Department of Agriculture

a fenced-off fescue seed patch
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tice, however, most range sites are managed
for single species, usually cattle or sheep.

There are several reasons for the lack of mul-
tiple-species management. One is a lack of in-
formation on techniques and economics, but
this lack of information is probably the result
of a more powerful constraint—the conserva-
tive attitudes of the ranchers, and of the insti-
tutions that support them, toward untried tech-
niques that may affect their profits.

e Grazing systems are technologies based on
intensely managing how animals use range
sites. The aim is to schedule systematically re-
curring periods of grazing and nongrazing for
subunits of the site on the premise that peri-
odically removing the animals from the range
gives the palatable plants a chance to recover
before being bitten again (Scifres, 1980). Some
grazing systems strive to distribute livestock
by season of use whereas others work to
achieve more even spatial distribution of live-
stock by fencing, water development, or other
means.

For the objective of increasing livestock pro-
duction, grazing systems sometimes have not
proven superior to continuous, year-long graz-
ing at moderate stocking rates (Scifres, 1980;
Box, 1980). However, even when livestock pro-
duction is not increased in the short term, the
range is often improved so that, in the long
term, increased livestock production, as well
as increased overall productivity, can result
(Scifres, 1980). While grazing systems offer op-
portunities for improving rangelands, they are
site specific and no one system should be con-
sidered a panacea for the problems of range
degradation.

One of the more simple systems is rotation
grazing. This involves subdividing the range
and grazing one unit, then another, in regular
succession. Another type of grazing system is
called deferred grazing. This means delaying
grazing in an area for a particular purpose,
such as allowing old plants to gain vigor or new
plants to become established. These two con-
cepts have been combined into a system called
deferred-rotation grazing. In this system, differ-
ent parts of the range are deferred in rotation

so that in the series all units will benefit froy
the deferment.

BLM reportedly is relying heavily on varii
tions of the rotation systems and considerab]
controversy has been generated. Critics sq
that if stock reductions do not accompany rot;
tion grazing, harmful impacts on riparian areg
and regional hydrology will be amplified by
periodically concentrating animals on pax
ticular sites. Fences to restrict livestock accesg
to riparian lands can be part of the grazing
system, but some critics object to the increased
physical injuries that fences can inflict on
wildlife (Littlefield, et al. 1980). Others who are
concerned about the profitability of ranching
object to the high cost of fences and to livestock
being excluded from highly productive riparian
sites.

® Rangeland vegetation can be manipulated
to increase the abundance and vigor of desired
plant species and thus accelerate range reha-
bilitation. Under natural plant succession,
degraded productivity can recover, though at
varying rates. On high mountain sites with
deep soil that receive 40 to 50 inches of rain-
fall a year, recovery may occur in a few years.
But on lands that receive only 20 or less inches
of rain, it may take plant communities cen-
turies to recover from the severely degraded
conditions (Box, 1980). Rehabilitation tech-
niques to speed up the recovery process range
from ‘“interseeding”’—introducing desired
plant species without removing the existing
plant community—to intensive site prepara-
tion, reseeding, and sometimes temporary in-
puts of water or fertilizers to help desired
plants become established. (If the intensive veg-
etation management is a continuing process,
the site is no longer rangeland, but pasture.)

Reseeding and interseeding are widespread
practices on private rangeland. Usually the ob-
jective of seeding is to increase forage during
a season when native ranges do not provide
enough or are particularly susceptible to graz-
ing pressures. For example, in the mountain
and intermountain regions, there is usually a
shortage of early spring forage. Native bunch-
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rass should not be grazed because that will
stunt future growth, so extensive areas are
seeded with introduced species such as crested
wheatgrass, which produces heavily during the
spring season and is more tolerant of spring
grazing (Box, 1980).

There are drawbacks to this ‘““monoculture”
technique. The introduced grass can so domi-
nate the ecosystem that other species, produc-
tive at other seasons, are crowded out. Crested
wheatgrass, for example, has low nutritional
value for fall or winter grazing livestock or
wildlife. To compensate, other species that can
compete with wheatgrass can be introduced—
e.g., four-wing saltbush and other forage
shrubs. These provide the protein and carotene
that the grasses lack in the fall grazing season
(McKell, 1980). Another disadvantage of re-
seeding programs where one or a few species
are introduced is that the resulting ecosystem
has fewer niches for animal life. Less diverse
plant and animal communities also may be
more susceptible to insect or disease damage
(Littlefield, et al., 1980).

Inadequate nitrogen is often a limiting fac-
tor on rangeland productivity, so interseeding
legume species may be beneficial. In the United
States, alfalfa has been used this way; in
Australia and parts of Asia, interseeding with
the legume Townsville Stilo is reported to be
very successful. Legume shrubs and trees are
important sources of nitrogen for rangelands
in Africa (Felker, 1981). There is little informa-
tion available on the positive or negative im-
pacts of legume interseeding on U.S. range-
lands, but it is known that forage can be
significantly increased (Lewis and Engle, 1980).

For sites where multiple-use management is
the objective, and if economics allow, reseed-
ing or interseeding can introduce mixtures of
grasses, herbs, and browse plants and can rely
more on native species so that the resulting
ecosystem is more complex. Presumably this
would be the method used on Federal range-
lands. In recent years there has been consider-
able research on methods to enhance, improve,
and reseed or interseed vegetation for wild ani-
mal use (Box, 1980). However, for several rea-

sons, such technology is as yet underused on
the Federal rangelands. One problem is a lack
of reasonably priced seed, but this constraint
might be resolved by willing entrepreneurs. A
more intractable reason for underuse of seed-
ing to accelerate recovery of diverse native
communities is the chronic lack of funding for
Federal rangeland improvements. Congress
recognized the need for accelerated rehabilita-
tion of range condition when it passed the
Rangelands Improvement Act of 1978. How-
ever, the act remains unfunded.

¢ Controlling noxious plants: excessive
cover of woody plants, the ‘“brush” character-
istic of degraded ranges, is one of the primary
deterrents to increased forage production.
There are three major approaches to brush con-
trol: chemical, mechanical, and fire. Chemical
control has certain advantages: it is effective,
various chemicals may be selected that are spe-
cific to certain types of plants, and it is relative-
ly cheap compared to other controls. Major dis-
advantages are that some chemicals, improper-
ly applied, may cause crop damage or health
hazards. Current environmental concerns and
regulations have largely prohibited chemical
use on Western Federal rangelands.

Mechanical control methods vary from hand-
clearing or chopping individual plants to using
big machines that plow or drag plants from the
ground. These methods are advantageous in
that the plants are removed immediately while
the residue remains on the ground as organic
matter. The disadvantages are that costs are
generally high and considerable soil disturb-
ance occurs with most mechanical methods.

Fire is a natural factor on all of Western
rangelands and it is gaining acceptance as a
major brush control technique. To its advan-
tage, it is fairly inexpensive and can be quite
effective against nonsprouting species. It has
disadvantages, however. Brush areas often can-
not support a fire, and since the burned land
is denuded for a short period of time, there is
an increase in the erosion potential.

Conventional vegetation control techniques
have been criticized for being used without
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regard to their effect on values other than
forage production for livestock. The effect of
brush control on wildlife depends on the
technique used. When large areas of brush are
removed, the effect on the wildlife species
adapted to brush is detrimental. But when
alternate cleared and uncleared strips are left,
populations of wildlife species, such as deer,
increase (Littlefield, et al., 1980). In general,
burning seems to find most favor with the
champions of wildlife. A newer approach, in-
tegrated brush management, offers improved
opportunities for enhancement of broad-scale
productivity. That approach is described later
in this chapter.

® Programs to control noxious animals are
used to achieve three range management objec-
tives: 1) to protect livestock, 2) to reduce the
numbers of herbivores that compete with live-
stock for available forage, and 3) to protect the
range from overgrazing and subsequent dam-
age to productivity. The techniques used some-
times serve one objective while detracting from
another.

Predators, particularly high populations of
coyotes, can decrease range productivity by
killing sheep or other livestock (Box, 1980;
Young and Evans, 1980). On the other hand,
when predator numbers are too low, they may
kill too few rodents and other wild herbivores,
so that grazing pressures increase and range
conditions deteriorate (Dwyer, 1980; Box,
1980). Thus, the purpose of modern predator
control programs is to optimize, rather than
minimize, predator populations.

In the past two decades, Government agen-
cies responsible for predator control have been
studying new techniques for estimating pred-
ator populations, judging what constitutes opti-
mum predator population levels for particular
sites, manipulating the populations or, in some
cases, the behavior of the animals, and moni-
toring the effects of the actions. The overall
state of the art for these techniques is primitive
and their development is not well supported
(Lewis and Engle, 1980). The integrated pest
management approach, assessed in another
OTA report (U.S. Congress, 1979), seems to be

one way to resolve conflicts among the o}
jectives of noxious animal control programs j
rangeland ecosystems.

Wild horses and burros represent a particula
nuisance and controversy on Federal range
lands. Without effective predators, they ar
capable of rapid increases in population an¢
can inflict heavy damage on range ecosystems
Capturing and moving these animals is only ;
temporary control measure, since the popula
tion will quickly rebuild. Treating them witt
fertility-controlling drugs seems to be effective
but very expensive. Selective killing of the
animals is simple and effective, but some stock
men and others killed horses and burros witt
unnecessary cruelty before the animals were
protected on public lands by the Wild Horse
and Burro Act of 1974. As a consequence there
are now strong social and political constraints
to killing large numbers of these animals. A
report from the National Academy of Sciences
will review the state of the art in managing
these animals and will indicate what further
research is needed. It will not defuse the po-
litical controversy, however (Dwyer, 1980; Box,
1980; Meiners, 1981).

With the correct application of management
technologies, there is a great potential to im-
prove productivity on many of the severely
degraded rangelands. Rangeland management
techniques, however, are very site specific and
there is a potential for long-lasting harm to pro-
ductivity when technologies are misapplied.
With degraded plant cover and compacted
soils, overgrazed rangelands are exposed to
powerful erosion and further degradation.
Thus, careful monitoring of the soil and vegeta-
tion is necessary so that management technol-
ogies can be adjusted when needed. Congress,
as the manager of policy for the Federal
rangelands, recognized the need for informa-
tion on soil and vegetation changes with the
Resource Planning Act and other legislation.
The data available are still inadequate, how-
ever, to determine whether present policies will
suffice to achieve the multiple-use objectives
that Congress has mandated for Federal range-
lands.
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In theory, the primary objective of multiple-
use management is to sustain or enhance the
overall productivity of the resource bage, Pro-
duction of livestock and other specific benefits
are secondary objectives. The rationale of such
an approach is that managing for prodyctiy-
ity will, in the long run, give the greateg pro-
duction of all the multiple-use valyes, Ip prac-
tice, livestock production is usually the domi-
nant objective for management plans op both
Federal and non-Federal rangelands, The plans
to produce livestock are then adjusted to pro-
vide for maintenance or enhancement of some
nonlivestock values such as wildlife

. , fisheries,
or water quality.

integrated Brush
Management Systems

Introduction

Excessive cover of woody plants, commop.-
ly referred to as brush,* can constrain fora e
production on rangelands. The concepts ui-
derpinning brush management have changeg
drastically during the past 30 to 35 years %ni-
tially, the goal of most brush managemenf was
to eradicate undesirable species. Byt as it be-
came obvious that eradication was not possi-
ble, the emphasis shifted to “brush contre] *

Various brush control methods have been de-
veloped that can be effective in specific situa-
tions or for particular purposes, but each also
has characteristic drawbacks. Brygh can be
physically removed, for example, byt that is
labor and energy intensive and thys expensive
Chemical treatments, too, are increasingly ex:
pensive and sometimes restricted.

Looking for the most effective controls
ranchers began using certain of these treat:
ments in combination—e.g., spraying and then
physically removing (chaining) unwanted spe-
cies. During the past 5 years, researchers hell)ve
begun studying the most effective overall man-

*Brush is a growth of shrubs or small trees
! : usuall
undesirable to livestock or timber management, butz/vtilf' ahtype
sometimes useful or can be managed for wildlife,_ el are

: e e.g. i
Pinyon, juniper, chaparral, sagebrush, etc. 8. mesquite,

agement schemes to combat brush problems
and have developed a new approach called in-
tegrated brush management systems (IBMS).

Basic IBMS principles include:

¢ reducing dependence on any one method,
such as repeated herbicide treatments, in
favor of coordinating techniques;

® using available techniques in a comple-
mentary sequence to take advantage of
synergistic effects;

¢ patterning the application of selected treat-
ment sequences to enhance livestock pro-
duction and habitat diversity for wildlife
simultaneously;

¢ developing treatment sequence alterna-
tives to make systems flexible for adapta-
tion to particular site circumstances and
the producer’s operating constraints;

¢ integrating actions with other manage-
ment strategies, such as grazing systems,
for maximum utility; and

¢ enhancing economic returns from brush
management investments by increasing ef-
fective treatment life and optimizing out-
put of products.

IBMS incorporate existing and new technol-
ogies to take advantage of the unique strengths
of each method while minimizing the inherent
drawbacks. The systems are designed to con-
sider multiple uses of the resource (e.g., forage
production, wildlife, watershed, etc.) so that
overall production is optimized rather than
maximizing returns from one use to the detri-
ment of others (Scifres, 1980).

IBMS can be applied most effectively when
they are orchestrated with other key practices,
particularly grazing management. Brush man-
agement is futile when the range is overgrazed.
In fact, brush management without grazing
management may be more detrimental than
beneficial in the long run by opening up more
land to repeated overuse (Welch and Scifres,
1980).

A planned, orderly sequence of treatments
is important in IBMS results. For example, sup-
pose a range livestock producer using a four-
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pasture, three-herd grazing system* has deter-
mined certain brush species are limiting pro-
duction. The chosen control procedures and
rationale might include (Scifres, 1980):

1. An aerial spray, used to reduce the com-
petitive advantage of a weed species,
considering:

¢ Herbicides should be applied in the
fall when potential for spray drift
damage to susceptible nontarget
species is minimized.

¢ The pastures should be treated in turn
as they are scheduled for deferment
from grazing in the fall, thus spread-
ing the investment over 4 years and
taking advantage of regularly sched-
uled deferments to maximize forage
response. This also allows the pro-
ducer to increase his livestock herd
gradually in response to the rate of im-
provement.

¢ The herbicide should be applied in
patterns to retain some brush for
white-tailed deer habitat and reduce
total land area sprayed.

2. The area should be burned 18 to 24 months
after spraying to remove standing woody
debris, reinstate valuable broadleaves dam-
aged or removed by the spray, improve bo-
tanical composition of the forage stand by
favoring the more productive grasses, sup-
press brush regrowth that survived the
spray, and improve the browse value of
large, decadent, unsprayed brush.

3. Repeat burning at 2- to 3-year intervals,
depending on weather, unless brush re-
growth becomes excessive, in which case
individual plant treatments with herbi-
cides or treatment of local areas may be
advisable.

Potential Scale of Application

IBMS should be applicable on almost any site
now treated by single methods. It has been es-

*Although a four-pasture, three-herd grazing system was used
to relate IBMS procedures, other grazing management systems
can be used effectively. Short duration grazing (SDG) appears
to be especially amenable to IBMS. However, there is no avail-
able research or field experience to support a discussion of the
integration of IBMS into SDG.

——

timated that an average of 1.5 million acres
Texas rangeland were treated for brush cg;
trol annually from 1956 through 1977 (Scifre
et al., 1980). Junipers, mesquite, and sagebrug
alone infest some 242 million acres of U.¢
rangeland* (Klingman, 1962).

To be successful, IBMS require relative}
long planning horizons. For example, wherea
the expected treatment life of a given herbicid
spray for mesquite control may be 7 years o
less, brush management systems are designeq
to span 15 or 20 years (Scifres, 1980). For thy
next 10 years, IBMS are expected to receive
most attention in States such as Oklahoma
Texas, and New Mexico where the brush prob
lem is a priority concern among both Govern
ment land managers and private ranchers.

Much of the impetus for developing IBMS
lies in recent Federal scrutiny of herbicides and
the rising costs of conventional range improve-
ment methods. If these factors continue to be
important, the rate of adoption of IBMS will
probably increase rapidly during the next dec-
ade.

Potential Impacts

The primary goal of IBMS technology is to
optimize range products on a sustained basis.
By expanding forage opportunities, IBMS may
have the potential to double livestock carrying
capacities of many range sites (Thomas, 1970).
For example, combining use of a pelleted her-
bicide with prescribed burning for whitebrush-
infested rangeland in Texas increased the live-
stock carrying capacity from 1 animal unit
(AU)** per 35 to 40 acres to 1 AU per 12 to 15
acres in three growing seasons (Scifres, 1980).
Other, .similar increases have been reported.
These levels of productivity, discounting
weather fluctuations, are expected to hold as
long as the systems are operative and livestock
management is maintained at a high level.

*Another OTA assessment, “Water-Related Technologies for

Sustaining Agriculture in U.S. Arid and Semiarid Lands,” is ex-
ploring potential innovative uses for these and other range
species.

** An animal unit is the forage required to support a cow and
a calf for 1 year.
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The primary biological processes affected by

[BMS relate to vegetational change. Wlilghf:
habitat quality is improved by develop? 5 ogt g
mosaic of vegetation types re}ther thar® o
supression of brush. Incrf:zasmg 'the grasses
area covered by perenn%al native g¥ -
decreases sheet erosion during wet perio et
the mulch cover increases water infiltr von.
This increases the amount‘of. for.age pro oed
er increment of precipitation reC

(Scifres, et al., 1977a).

The impacts of the herbicides used in IB}IleS
are uncertain. Residual patterns of new erb er-
bicides, such as tebuthiuron, have not.t. een
established over a wide range of cond1 llqns,
and additional research is needed. At aPPﬁca'
tion rates used in IBMS, herbicides sl}g as
2,4,5-T (2,4,5-trichlorophenozy acetic acl ) are
dissipated in the growing season of appl}Cai[}O{l,
and picloram (4-amino-3,5,6-trichloropi€01C
acid) should not be expected to carry over 1{1'
to the second growing season (Scifres,_ ©t :11. o
1977b). However, just what happens to the dis-
sipated chemicals is not clear.

The effects of fire on rangeland soil
follows:

1. Erosion potential: The greatest er )
curs on steep slopes when a high intensity
storm follows a burn. This is of :c,pemal
concern with soils that seal read!Y and
promote overland flow. However, erosion
can be reduced by limiting burning to gen-
tle slopes (no greater than 5 percent) and
to late winter or early spring to promote
early regrowth and rapid developrment of
cover. )

2. Water relationships: The greatest differ-
ence in water dynamics of burned V- un-
burned rangeland is that lush new growth
consumes more water. This extra emand
typically exists only through the first grow-
ing season after burning.

3. Nutrient status: Minor amounts
gen, sulfur, and phosphorus are
ed by range fires, organic matte
decreased somewhat depending 0
tions of the burn, and soluble s

s are as

osion oc-

of nitro-
yolatiliz-
r may be
n condi-
Its (cal-

cium, potassium, etc.) are returned to the
soil in the ash.

The net impacts of IBMS burns on rangeland
soil have not proven detrimental, perhaps
because prescribed burns are generally less in-
tense than wildfires.

Conclusions

The costs of IBMS are the sum of the costs
of each step in the treatment sequence and are
therefore highly variable. Indirect costs, too,
should be considered. For example, risks of
herbicide drift and the possibility of a pre-
scribed burn getting out of control are indirect
costs. There are also indirect benefits. Improv-
ing vegetation of one management unit within
the ranch should relieve stress on adjacent
units and encourage their improvement. Other
potential effects, such as increasing or reinstat-
ing streamflow, benefit users removed from the
actual site of brush management.

The primary constraints to implementation
of IBMS are economic, environmental, and
technical. The major economic constraint is
the capital required to initiate the first (and
usually most costly) step in the sequence. Fed-
eral cost sharing through agencies such as the
Agricultural Stabilization and Conservation
Service (ASCS) is of increasing importance,
especially for smaller ranches (Whitson and
Scifres,” 1980).

Technical constraints to wider use of IBMS
technology are significant because research is
still in the formative stage and the rate of
testing treatment-sequence variations cannot
exceed the pace of natural seasons. For exam-
ple, prescribed burning must be explored in
more depth to capitalize on its full potential.
Herbicide use must be refined through new ap-
plication techniques for registered compounds
and development of improved compounds.
Low-energy mechanical methods for brush
management should be developed and refined.
The economic factors that affect IBMS adop-
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tion must be identified and various tradeoffs
analyzed to determine optimum system designs
for various types of ecosystems and manage-
ment objectives.

Short Duration Grazing

Considerable interest exists among both live-
stock producers and range scientists in short
duration grazing (SDG) systems. Such grazing
systems may as much as double the carrying
capacity of certain ranges (Scifres, 1980).

SDG systems concentrate a relatively large
number of animals on a given area, but for
much shorter times than in more conventional
deferred grazing systems. SDG also has shorter
rest periods and other differences from tradi-
tional grazing management.

Rangelands and their management needs
vary widely, not only in a geographic sense
from the arid and semiarid West to humid
Southeast, and from the cool North to the mild
South, but also among specific sites within geo-
graphical regions. Any discussion of range
management, including SDG, must recognize
the site-specific nature of range improvements.

Most modern grazing management espouses
the idea that periods of rest (removal of all graz-
ing animals) are necessary to prevent overuse
and allow plants to recover vigor. The typical
SDG system rotates herds through a series of
pastures several times (six or more) per year.
Grazing periods are short (7 days or less), and
rest periods generally are not longer than 60
days. This concentration of relatively large
numbers of animals on a given area for a short
time followed by long rest periods is designed
to simulate the grazing activities of the wild
herbivores under which the range ecosystem
evolved. Consequently, SDG is sometimes con-
sidered to be the most ‘“natural” grazing
method available.

Because SDG entails frequent movement of
stock and high stocking rates, ranchers must
take precautions to minimize animal stress.
Livestock under stress can suffer low concep-
tion rates, nutritional difficulties with wean-

ing, and poor summer weight gains. One

to reduce stress is to reward the livestock:
moving between sites. In a Pavlovian
proach, the cattle can be trained to assocj
extra food with some stimuli, such as a h,
or call, that occurs before changing cells. Ey
tually the livestock will lose their appreheng
and will move without the extra reward.

The SDG systems might be most attractj
to larger ranches with the reserve capij
necessary to invest in adequate fencing ay,
facilities. Larger operations, too, would be ab
to absorb the short-term reductions in sales thg
might come with the transition to higher stock
ing rates. This transition period can tak
several years, depending on the size of th
system and characteristics of the ranch.

Proponents of the technology claim that thy
increase in livestock carrying capacity cai
occur without harming the range ecosystems,;
either plantlife or wildlife. Unfortunately, there’
is a paucity of research data to allow an objec-
tive assessment of these management strat-
egies. There is some concern that high stock-
ing rates could damage certain soils during wet
periods. If excessive compaction does occur in
those situations, this negative impact should
be weighed against the previously mentioned
claims of beneficial impacts from trampling.

In terms of technology diffusion, SDG is in
the early stage of adoption in this country. One
type of SDG, the Savory grazing method (SGM),
for example, was only introduced to the United
States 3 years ago, although it has been used
abroad for a decade. SGM, sometimes called
the “cell system,” arranges pastures in a cart-
wheel design, with watering and handling fa-
cilities in the hub (see fig. 10). Livestock are
herded through the various cells according to
a management plan that accommodates site
variables in each cell. In preparing a SGM plan,
the rancher notes his particular needs (e.g.,
pastures for breeding, birthing, weaning, etc.)
and notes which cells will be unavailable at any
time for any reason. For instance, the rancher
may want to avoid having his heifers in close
proximity to a neighbor’s bull or too near
recently planted crops. Or he may wish to keep
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Figure 10.—Cartwheel Pasture Arrangement Used
in the Savory Grazing Method

=

SOURCE: Office of Technology Assessment.

livestock out of certain cells when they are ex-
pected to harbor poisonous plants or during
breeding season for ground-nesting birds.

The SGM system purports not only to pro-
tect the land but actually to enhance it. Accord-
ing to proponents, the physical impact of live-
stock hooves has two interrelated beneficial ef-
fects, if properly managed. First, livestock
hooves churning the soil surface can break up
any crust formed by the impact of raindrops
and runoff. This reduces erosion. Also, as more
rainfall penetrates the soil, more moisture is
available for plant roots and for replenishing
ground water supplies.

This method, developed in East Africa, is
beginning to receive relatively rapid accept-
ance among U.S. ranchers. However, Ameri-
can range scientists are only just beginning to
investigate the system’s constraints and poten-
tials. Thus, many questions about the method’s
impacts, both good and bad, remain to be an-
swered. The following discussion answers
some of these questions from the view of the
developer of SGM (Savory, 1981).

1. Who can use SGM? Theoretically, any
rancher could apply this method on his own
without assistance. But in practice, SGM dif-
fers greatly from conventional range
management and is also, because of its flex-
ibility, quite complex. Accordingly, many
who have tried it without prior training have
had considerable difficulty. Under the
guidance of private range consultants, in-
creasing numbers of U.S. ranchers are suc-
ceeding with the methods. The agricultural
educational community could be trained to
provide this instruction. In fact, together
with inadequate data on its effective use, the
lack of a trained cadre of instructors is the
major barrier to the system’s adoption.

2.Are some soils unsuited to SGM? Certain
soils may be particularly susceptible to com-
paction when wet. Other than this possible
limitation, SGM has been used on many soil
types without ill effects. To avoid compac-
tion, ranchers must plan, insofar as possi-
ble, to use pastures only when they are rela-
tively dry.

Some desert margin soils may also have
problems under SGM. Even brief periods of
livestock trampling seem to promote the
growth of undesirable runner grass commu-
nities in small areas—typically 20 to 30 yards
in diameter—where the soil is most dis-
turbed.

3. Can SGM be used on steep terrain? Adapt-

ing SGM to steep terrain may call for special

layouts and fence arrangements. The usual
rule of thumb, however, is that if other range
management methods can be used on the
mountainous land in question, so can SGM.

What are typical installation costs for an

SGM grazing system? It is impossible to

generalize because construction costs are

site specific. As an example, the cost of a

grazing cell system, installed as part of a

whole ranch development near Midland,

Tex., was $4.80 an acre, including expenses

for water, fencing, and labor. In the 2 years

since the system began operating, its stock-
ing rate has more than doubled and survived
the 1980 drought at that increased rate.

5. Does SGM require a great deal of paper-
work? These systems require more advance

-
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planning and recordkeeping, but the paper-
work burden is reduced as the ranchers be-
come practiced in the use of the special
recordkeeping systems.

6. When a grazing system has only one water-
ing point and that point is a natural stream,
pond, river, or lake, is there danger of seri-
ous riparian damage? Although more work
needs to be done on this question, propo-
nents of SGM maintain that riparian damage
can be avoided by designing the system so
that cattle use only part of the watering
source at a time, and then for just a limited
period.

7. Is the fencing necessitated by a full-blown
application of SGM detrimental to wild-
life? Fencing in any range management
scheme can be detrimental to wildlife, but
these effects can usually be limited by using
simple three-strand fences that allow most
wild species to jump over or crawl under
them without injury. In addition, game gates
sited on SGM fence lines may be left open
when domestic stock are not in the paddocks
served by the gates. This facilitates wildlife
movements. These systems count good
wildlife management as an asset to the
rancher because it can have economic as
well as esthetic benefits.

Grazing Potential for
Eastern Woodlands *

Introduction

If properly managed, Eastern forests could
provide substantial increases in economically
and environmentally sound livestock grazing.
The 310 million acres of forests in the East
could support as much as 20 million AUs of
forage (an AU is the forage required to support
a cow and a calf for 1 year) if the land were

*The Eastern United States is defined here as that area east
of the 97th meridian. This basically excludes the Great Plains
States but includes the forests in Oklahoma and Texas.

intensively* managed for multiple purpos;
(Byington, 1980). Under less rigorous, exte;
sive** management, potential forage is on]
about 1 million AUs (tables 8 and 9). Howeve;
the technologies for intensive multiple-ug
management have not been developed an,
demonstrated for most Eastern forest com
munities, so the potential remains untapped

Farmers have grazed livestock in Easter;
woodlands to varying degrees since first set
tlement. But most such grazing is environmen
tally destructive because of overgrazing, ero
sion, compaction, and other damage to forest
growth and reproduction. Further, most of this
unmanaged forest grazing is uneconomical.

Only limited progress is being made in devel-
oping appropriate technologies for Eastern
grazing management because of the common-
ly held attitude that native forages on Eastern
forests simply cannot be produced and grazed
in an economically and environmentally sound
way.

Current Use

The Eastern United States is blessed with
abundant rainfall, adequate growing seasons,
and good soils needed to produce abundant
vegetation. Most forage in the East comes from
intensive crop and pasture management on
cleared land, either from growing forage crops
as part of a crop rotation or from allowing live-
stock to graze on residues and stubble left after
harvest. Native grazing lands, those forests and
grasslands with naturally occurring vegetation
suitable for livestock grazing, are of secondary
importance.

It is difficult to judge the current extent of
grazing in Eastern forests because of problems

*“Intensive management’” makes investments in technologies
and practices to maximize production, quality, and use of native
forages while maintaining the forest for wood products, wildlife,
and recreation.

**+“Extensive management” controls livestock numbers with
little effort to achieve planned distribution of livestock or to in-
crease carrying capacity through alterations of the forest canopy.
Management investments are made only to protect the land from
damage.
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Table 8.—Estimated Potential of Major Forest Communities to Produce Livestock
Forage Under Extensive and Intensive Management—Northern Region

Average potential production

(total AU)
Total grazable Extensive Intensive States in which community
Potential natural community acres (000’s) management management is primarily located
Great Lake spruce-fir............... 5,503 7,673 91,581 Minnesota, Wisconsin
Great Lake pine................... 5,660 13,217 112,426 Michigan, Minnesota,
Wisconsin
Northeastern spruce-fir............. 11,934 31,838 646,478 Maine, New Hampshire,
New York, Vermont
Northern floodplain................ 2,518 32,029 158,547 Minnesota
Maple-basswood.................. 1,690 0 122,693 lllinois, lowa, Minnesota,
Wisconsin
Oak-hickory.........cooovviiinnn, 14,310 146,536 890,662 lowa, lllinois, Indiana,
Michigan, Montana, Ohio
Elm-ash....cooiiiiiiiiinnennn. 18,556 0 1,650,284 Indiana, New York, Ohio,
Pennsylvania
Beech-maple................ ... 1,448 1,206 125,452 Michigan, Ohio
Mixed mesophytic................. 5,039 0 132,520 Ohio, West Virginia
Appalachian oak.................. 15,309 0 424,419 Connecticut, Massachusetts,
Maryland, New Jersey,
New York, Ohio,
Pennsylvania, Rhode Island,
West Virginia
Northern hardwoods............... 38,665 34,921 2,596,887 Massachusetts, Maine,
Michigan, New Hampshire,
New York, Pennsylvania,
Vermont, Wisconsin,
West Virginia
Northern hardwoods-fir............. 7,891 0 511,218 Michigan, Wisconsin
Northern hardwoods-spruce. ........ 10,421 43,370 334,452 Maine, New Hampshire,
New York, Vermont
Northeastern oak-pine.............. 1,471 31,209 88,817 Massachusetts, New Jersey,
New York
Oak-hickory-pine.................. 3,687 8,528 305,214 Delaware, Maryland, Montana,
West Virginia

SOURCE: Evert K. Byington, “Livestock Grazing on the Forested Lands of the Eastern United States,” OTA background paper, 1980.

Table 9.—Estimated Potential of Major Forest Communities to Produce Livestock
Forage Under Extensive and Intensive Management—Southern Region

Average potential production

(total AU)
Total grazable Extensive Intensive States in which community
Potential natural community acres (000’s) management management is primarily located
Oak-hickory.......covviieeninnnn.. 32,113 294,369 1,846,497 Alabama, Arkansas, Kentucky,
Mississippi, Oklahoma,
) Tennessee, Texas
Mixed mesophytic................. 5,203 0 169,097 Alabama, Kentucky, Tennessee
Appalachian oak.................. 20,788 0 415,760 Georgia, North Carolina,
South Carolina, Tennessee,
Virginia
Oak-hickory-pine............c...... 71,069 59,224 6,573,882 Alabama, Arkansas, Georgia,
Louisiana, Mississippi,
North Carolina, Oklahoma,
South Carolina, Tennessee,
Texas, Virginia
Southern mixed........ccvvuunn... 24,8012 413,350 1,972,360 Alabama, Florida, Georgia,
Louisiana, Mississippi, Texas
Southern floodplain................ 25,607 21,339 832,227 Arkansas, Louisiana,

Mississippi, Tennessee

3About 2 million acres of total are not suitable for intensive management.
SOURCE: Evert K. Byington, “Livestock Grazing on the Forested Lands of the Eastern United States,” OTA background paper, 1980.
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of definition and classification of land use and
land type among the three primary agencies
that collect such information. The Forest Serv-
ice, Soil Conservation Service, and Department
of Commerce conduct some inventories of live-
stock grazing in Eastern forests, but the infor-
mation is limited and inconsistent. Estimates
vary from the Forest Service’s high figure of
100 million acres of grazed Eastern forest to
Census of Agriculture statistics that indicate
only 26 million grazed forest acres. The incon-
sistency is partly because the latter estimate
considers only a certain class of forest owners.

Ownership is an important factor in the use
of forests for livestock grazing. Generally, four
classes of ownership are considered: public,
forest industry, farmer, and other. Farmers
throughout the East graze livestock in a higher
percentage of their forests than other classes
of owners (Byington, 1980).

Overall, forest grazing has declined in recent
years. The Soil Conservation Service’s conser-
vation needs inventory of 1967 estimated that
over 80 million acres of forest in the East were
being grazed. The 1977 National Resource In-
ventories by the same agency estimated that
only 36 million acres were then being grazed.
The decline, however, is not because of any in-
creasing unwillingness among farmers to graze
their woodlands; it is, in large part, caused by
the changing pattern of landownership. Dur-
ing the past 25 years, the area of forests owned

by farmers dropped 35 percent, though the tot,
area of forest in the East remained relative]
stable (table 10). Nearly 55 million acres ¢
forests passed from farmers’ hands, much ¢
it into other private holdings less amenable t
grazing (Byington, 1980).

History

g

Throughout the East, native grazing lands|
played an important role in settlement. The for-!
ests and prairies provided inexpensive forage'
to support livestock used for food, transporta-
tion, and animal power for tillage. However,
there are major ecological and cultural differ-
ences between the northern and southern
halves of the Eastern United States that have
affected the acceptance of woodland grazing.

During the late 1800’s and early 1900’s, tim-
ber industries denuded large acreages in the
East and conflicts between cattle and lumber
interests increased. By the 1920’s and early
1930’s, the Federal Government became in-
creasingly concerned with land use, particular-
ly on the cutover lands in the South. The Na-
tional Forest System in the South was estab-
lished, and research began on the interactions
between forestry and livestock.

In the Southern pines region, cattle were
seen as an opportunity to bring clearcut forest-
land back into production. But in the Northern
hardwoods, grazing was observed to damage

Table 10.—Area, Including Change Over Time, of Commercial Timberland in the
Eastern United States, by Ownership, Region, and Section, and for the years 1952 and 1977

1952

Percent change in
1977 forest area, 1952-77

All ownerships Farm ownerships All ownerships Farm ownerships All Farm

Region and section

(000’s of acres) (000’s of acres) (000’s of acres) (000’s of acres) ownerships ownerships

Northern region........... 167,768 64,567 169,353 44,431 1.0 -31
New England........... 30,936 7,842 31,015 2,391 0.3 -70
Middle Atlantic......... 42,099 15,114 48,215 10,013 15.0 -34
Lake States............ 51,838 14,227 49,356 11,345 -5.0 -20
Central States.......... 42,895 27,384 40,767 20,682 -5.0 —24

Southern Region.......... 192,083 91,311 188,433 57,217 —-2.0 -37
South Atlantic.......... 46,963 31,937 47,677 19,016 1.5 —40
East Gulf.............. 42,104 23,134 40,142 11,006 -5.0 —-52
Central Guif............ 49,497 21,198 51,045 18,016 3.0 -15
West Guif.............. 53,519 15,042 49,569 9,179 -7.0 -39

Total................ 359,851 155,878 357,786 101,648 —-0.6 -35

SOURCE: Adapted from table 2, “Forest Statistics of the U.S., 1977,” Forest Service, USDA, 1978.
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the forest, so research was oriented toward
documenting livestock impacts. The results of
various experiments and observations led to a
near-universal conclusion that grazing was
necessarily detrimental to Northern forests and
was not economically worthwhile. This split
in research approach is still visible.

conservation in Grazed Forests

Table 11 is a summary of non-Federal acres
of forest being grazed and thought to require
conservation treatment in 1967 and 1977. Two
types of conservation treatments are recom-
mended: 1) to reduce or eliminate livestock
grazing, and 2) to maintain grazing but improve
forage production. Reducing or eliminating
grazing is the most recommended practice in
the Northern region, while increasing forage
production is more often recommended in the
South.

Most of the recommended conservation
treatments are directed at reducing erosion by
maintaining adequate ground cover. Table 12
contains summaries of erosion by land capabil-
ity class and land use and by the area being
grazed. This indicates that a considerable
amount of erosion is caused by livestock graz-
ing in woodlands, particularly on land classes
V-VIII.

Technologies for Multiple-Use
Management of Forest Grazing

Multiple-use management offers the best op-
portunity for expanding the production of both
wood and forage in Eastern forests. The most
basic technology used for grazing lands is the
management of grazing animals. The technol-
ogies needed to develop the forage/livestock
systems in forests include:

¢ Technologies to manage livestock use of
native forages that ensure: 1) livestock
health and productivity is adequate, 2) the
vigor of the plants is maintained, and
3) other resources are not damaged. These
technologies include grazing systems, con-
trolling season of use, managing stocking
rates, selection and mix of grazing ani-
mals, use of feed supplements, and con-
struction of physical structures (fencing,
water development, etc.).

¢ Technologies to improve forage productiv-
ity and quality and to increase output per
acre to get adequate economic returns or
to restore vegetation on damaged land.
Technologies include seeding with im-
proved plant species; fertilization; water
development; use of mixtures of cool- and
warm-season plant species, as well as
shade-tolerant species in forests; and the

Table 11.—Area of Forestland in the Eastern United States Being Grazed
by Livestock, Including Area Requiring Conservation Treatments

1977 NRI

Acres of grazed forest requiring
conservation treatment

Acres of forest Reduce or eliminate Improve forage

Percent of grazed forestland

Region and section grazed (000’s) grazing (000’s) (000’s) requiring conservation treatment

Northern region............. 13,130 8,236 3,533 90
New England............. 231 59 61
Middle Atlantic........... 1,870 1,418 210 87
Lake States.............. 3,264 2,051 753 86
Central................... 7,765 4,686 2,511 93

Southern Region............ 22,967 6,081 10,239 7
South Atlantic............ 2,318 962 553 65
East Gulf................. 4,346 824 2,209 70
Central Guif.............. 5,549 2,283 1,400 66
West Guif................ 10,754 2,012 6,077 75

SOURCE: Derived from ‘“Basic Statistics: 1977 National Resource Inventories (NRI) revised 1980.”
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Table 12.—Average Sheet and Rill Erosion Rates in Crop Production
Regions? of the Eastern United States in 1977 (non-Federal land only)

Erosion by land use (ton per acre)

Region and Ungrazed Grazed

capability groupings forest forest Cultivated Hay Pasture Range
Northeast

Classes I-IV...... 0.27 1.42 6.33 0.79 0.96 —

Classes V-VIII . ... 0.54 4.60 11.75 1.27 3.79 —
Lake States

Classes IHIV...... 0.06 1.14 2.81 0.54 0.82 0.05

Classes V-VIII.... 0.39 12.42 6.94 2.65 2.74 0.44
Corn Belt

Classes IHIV...... 0.66 5.47 7.56 1.72 2.43 0.37

Classes V-VII.... 1.94 11.42 29.60 4.20 9.18 —
Appalachian

Classes I-IV...... 0.26 2.52 9.12 1.56 1.65 -

Classes V-VIII.... 1.90 7.26 46.13 8.06 10.65 —
Southeast

Classes I-IV...... 0.16 0.53 6.95 0.38 0.47 0.27

Classes V-VIII.... 0.63 1.41 16.42 0.86 1.30 0.36
Delta

Classes I-IV...... 0.18 1.56 6.86 0.78 1.33 1.90

Classes V-VIII.... 0.99 8.54 28.35 5.09 9.20 4.51
Southern Plains

Classes I|-IV...... 0.10 0.45 3.41 0.76 0.97 1.00

Classes V-VIII.... 0.71 1.62 4.58 0.44 2.15 5.22

3Geographic regions and land capability groupings are as defined by the Soil Conservation Service.
SOURCE: USDA 1980. “Table 172" in Basic Statistics, 1977 National Resource Inventories, revised 1980.

use of livestock, chemicals, fire, and
machines to control unwanted plant
species.

¢ Technologies to manage the interactions
of forage plants and livestock with other
land uses so as to reduce conflicts and
maximize overall output of goods and serv-
ices. Such technologies often involve
tradeoffs between uses and depend on the
judgment of the land manager. For exam-
ple, the tree canopy limits light and water
flow to the soil, and thus forage produc-
tion. Opening up the tree canopy will in-
crease forage production but may reduce
overall production of wood. Success in
selecting a technology to manage such in-
teractions depends on the availability of
knowledge about how each resource will
respond, so that tradeoffs can be estimated
and evaluated.

The grazing potential of the Eastern forest
is a resource that has not been considered of
sufficient value to develop and manage with

appropriate technologies. Forest production in
the East is based primarily on a philosophy of
single dominant use, and although farmers use
their woodlands for grazing, it is at a low level
of management which typically is neither eco-
nomically nor environmentally sound. Because
few techniques for intensive management have
been developed except in the Southern pine
forest, the forest owner has little choice except
to manage for wood products, sell the land, or
clear the forest to establish pasture.

Over 50 million acres of forested land have
passed from farm ownership in the last 30
years. With increasing land values and higher
taxes, farmers have often found that they can-
not afford to keep forests for either woodland
grazing or production of wood products. The
future of these lands will depend on how the
mix of economic and social factors changes the
value that is placed on the various resources
these forests can supply. Intensive manage-
ment of forest lands to produce both wood
products and livestock forage may make it prof-
itable for farmers to retain their farm forests.
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Chapter IV

INTRODUCTION

There are about 413 million acres of cropland
in the United States (excluding Alaska), in-
cluding about 230 million acres of prime farm-
Jand (see fig. 11). Generally, prime lands are
those with extremely desirable characteristics
for growing crops, including good soil, mois-
ture, climate, drainage, and slope. These at-
iributes make prime land the most efficient and
environmentally stable lands for food produc-

tion.

Another 115 million acres of cropland clas-
sified as prime were not used for crops when

the National Resource Inventories (NRI) data
were collected in 1977. Forty-two million acres
of this were forest, 23 million were rangeland,
and 40 million were pasture (CEQ-NALS,
1981). The 1982 NRI are expected to show that
some of this land has since been put into crops.

Soil Conservation Service (SCS) experts es-
timated that 127 million acres of noncropland
in the United States had high or medium poten-
tial to be converted to cropland as of 1977. As
discussed previously, this land is generally
more susceptible to erosion than croplands

Figure 11.—Cropland Acreage

SOURCE: U.S. Department of Agriculture.
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already in use. Some of this land is productive
forage and timberland, so conversion to agri-
culture would mean the loss of those products.
On the other hand, about 23 million acres of
agricultural land were converted to nonagri-
cultural uses between 1967 and 1974—a rate
of nearly 3 million acres a year. Of the 3 million
acres taken out of crops each year, about
675,000 acres were prime farmland (CEQ-
NALS, 1981).

Technologies discussed in this chapter are
designed to sustain or enhance production
while reducing erosion, the greatest threat to
the Nation’s land resource. Sheet and rill ero-
sion totaled about 2 billion tons of soil in 1977,
the only year for which accurate data are avail-
able. Data on wind erosion are available only
for the 10 Great Plains States, where this prob-
lem is most severe. Wind erosion in those
States, which comprise 40 percent of the Na-
tion’s total cropland area, was 892 million tons
(USDA-NRI, 1980). To calculate a conservative
estimate of total cropland erosion (wind and
sheet and rill), assume that wind erosion is sig-
nificant only in the Great Plains States, and that
gully and streambank erosion do not affect
cropland significantly. Thus, total cropland
erosion is the sum of sheet and rill erosion plus

Great Plains wind erosion, or 2.8 billion
a year. This is an average of 7 tons per
each year for the Nation’s total 413 mij
cropland acres.

Information about soil formation rates ury
cropland conditions is inadequate, but }
highest likely rate on unconsolidated pap
materials is probably 0.5 ton per acre. The {
is much slower for consolidated mater
(rock). Thus, average soil erosion is more t}
10 times greater than average soil format
on U.S. croplands (Hall, et al., 1982; Mc(C
mack, et al., 1982).

Although erosion occurs to some extent |
all cropland, it is much worse in some are¢
than in others. The severity of erosion var
depending on the type of crop grown, the mg
agement system used, terrain, climate, a
other factors. Row crop and small-grain crc
land, which constitute 75 percent of all crc_
land, erode twice as much as other croplar
(5.4 compared to 2.5 tons). Further, a high pr
portion of the Nation’s soil loss occurs on
relatively small portion of the cropland—on
6 percent of the Nation’s cropland (24 millic
acres) accounted for 43 percent of all sheet ar
rill erosion.

PRODUCTIVITY-SUSTAINING TECHNOLOGIES FOR CROPLANDS

Neither empirical evidence nor compelling
logic show that agricultural production has to
be harmful to the quality of the land resource.
On the contrary, production and conservation
can be mutually reinforcing, even on marginal
lands, if appropriate production technologies
are developed and used.

For discussion purposes, it is possible to
categorize agricultural technologies into two
types to clarify how technologies might affect
productivity in the future (Wittwer, 1980):

¢ production technologies based on a high
degree of mechanization and on consump-
tive use of land, water, and energy re-
sources; and

¢ production technologies based on bic
logical approaches that use land, water
and energy resources efficiently.

Both types of technologies have been impo1
tant in the revolution that has made U.S
agriculture so productive. An example of a
important breakthrough in mechanical technol-
ogy is the centrifugal pump, which can lift ir-
rigation water from deep aquifers. An impor-
tant breakthrough in biological technology has
been the development of hybrid corn. Mecha-
nization- and biology-based technologies are
combined in agronomy systems, and the sys-
tem’s consumption of resources depends on
which type of technology is dominant. In the
United States, land and water resources have
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abundant and energy resources cheap, so
beenlopment has been dominated by resource
deveumptive technologies. In regions with
conzr natural resources, such as Japan and
fe;;/ts of Europe, agronomic systems are dom-

inated by land- and water-sparing biological

technologies.

wittwer foresees a shift in American agron-
omy to the resource-sparing biological tech-
nologies. This shift implies changed objectives
in technology development and promotion.
Now that land, water, and energy are no longer
so abundant or so cheap, changes have begun
to occur. Rapidly increasing prices for fuel and
agricultural chemicals have stimulated devel-
opment of new machinery, chemicals, and
cropping systems to make the capital inputs
more efficient. Using newly designed ma-
chines, farmers can till less frequently, and so
use less fuel, while maintaining production.
They must use more herbicides, but other new
machines enable them to use the chemicals
more efficiently. New biological technologies
are developing more slowly, but in the long
run, these are expected to be the basis of im-
portant improvements in agronomic systems
(OTA, 1979).

To develop resource-sparing systems, agri-
cultural scientists will have to rely heavily on
the potential inherent in the world’s genetic
resources. Genetic selection to produce high
yields continues to be important, but much
more attention will have to be given to how
genetic types vary in their ability to use the fer-
tility of soils efficiently. Improved strains of the
major crops will probably dominate the genetic
work for decades, but these are unlikely to suf-
fice for sustaining productivity on the driest,
most steeply sloping, and otherwise most frag-
ile croplands. Development of currently under-
exploited crops, new crop systems, and im-
proved symbiosis with soil microbes will be
necessary to sustain productivity of such sites.

This chapter describes a number of new and
emerging technologies for agricultural produc-
tion. These are resource-sparing technologies
that are designed and used not only for pro-
duction but also to maintain inherent land pro-

ductivity. But no technology is a panacea; all
are site specific in their design and applica-
tion. The new technologies generally require
more sophisticated management than the re-
source-consuming technologies they would
replace. And they will take time to imple-
ment.

The technologies described here are in var-
ious stages of development, ranging from the
early research stage (e.g., polyculture of peren-
nial plants) to the rapid adoption stage (no-till
farming). A brief review of common, current
conservation technologies is also included. All
these approaches have drawbacks, though
these often are inadequately documented. For
example, no-till agriculture relies heavily on
pesticides, and possible negative impacts on
soil biota and water quality may offset some
of the technology’s erosion control benefits.
Other problems can result if a new technology
is misapplied. This can prematurely discourage
other farmers and ranchers from trying the
technique. Such misapplication can happen
when a complex technology is adopted by
farmers or ranchers more rapidly than it is
learned by the extension agents, university
faculties, Government scientists, or private
consultants from whom the innovative farmers
and ranchers seek advice.

The new resource-conserving technologies,
however, are not being developed and imple-
mented rapidly enough to prevent lasting
damage to inherent productivity of the Nation’s
croplands and rangelands. Such damage has
occurred already and is continuing where
processes such as accelerated erosion and
ground water overdraft are mining resources.
Thus, the pertinent question is: Will such tech-
nologies be developed, improved, and im-
plemented in time to preserve enough of the
land’s inherent productivity to assure adequate
sustained production to satisfy consumer
needs? The answer depends on who the con-
sumers are (e.g., only U.S. residents v. anyone
in the world who can pay), how needs are de-
fined (e.g., what level of pollution is accept-
able), the extent of application of conventional
conservation technologies, and other factors.
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From the more narrow point of view of this
technology assessment, whether new tech-
nologies will be implemented soon enough
depends largely on the institutions responsi-
ble for developing and promoting agricultural
technologies. Will they invest in screening,
testing, and developing production technol-
ogies that have resource conservation as a
primary objective? The institutions (e.g.,
agricultural experiment stations, agriculture
schools in universities, the Federal Agricultural
Research Service) seem to be conservative re-
garding investment in new technologies. There
is a rationale for that conservatism: It is based
mostly on the fact that agricultural research
and development funds are severely limited.
If funds remain limited, some institutional
changes may be needed to ensure adequate de-
velopment of new resource-sparing technol-
ogies and farming systems.

This report could include only some of the
promising technologies for preserving inherent
land productivity. Those selected hold great
promise, but there are others available that
might achieve the same ends. For example,
drip irrigation is a proven technology for re-
ducing irrigation water consumption, but other

technologies may be more cost effectiv
more conserving of water and other resoy
depending on specific local farming cq
tions. The following discussion is not inten
to recommend any particular technol
Rather, it is to illustrate some of the tech
ogies that are designed to enhance produc
and conservation at the same time.

Conservation Tillage

Spraying More, Tilling Less

Prior to the development of chemical K
bicides in the 1940’s, farmers relied on a varj
of tillage practices to control unwanted pla;
(weeds) in their fields. It was not uncomm
for Midwestern corn farmers to make as ma
as 10 trips across their fields before harve
most of them to control weeds (Triplett a
Van Doren, 1977).

Today, most producers of the major fiel
crops have substituted herbicides for some ¢
their tillage practices. Table 13 illustrates th
magnitude of increase in herbicide use bi
tween 1966 and 1976 for the crops grown @
most of the total U.S. cropland base. In evel

Table 13.—Percentage of Crop Area Treated With Pesticides (active ingredients)
and Percentage of Pesticides Used on Crops in the United States, 1976

Herbicides Insecticides Fungicides All pesticides?
Percent of Percent of Percent of Percent of
total total total total
Percent herbicides Percent insecticides Percent fungicides Percent pesticides Area planted

Crop area treated used area treated used area treated used area treated used million acrej
Major crops

Corm....oovvvvvnnnnn. 90 53 38 20 1 NA 92 37 84.1

Cotton............... 84 5 60 40 9 NA 95 145 11.7

Soybeans............. 88 20 7 5 3 <0.5 90 14 50.3

Peanuts.............. 93 1 55 1 76 16 99 2 15

Sorghum............. 51 4 27 3 — NA 58 3 18.7

Tobacco.............. 55 <0.5 76 2 30 <0.5 97 3.6 1.0

Rice.........cooutn. 83 2 11 <0.5 — NA 83 1 25

Wheat................ 38 6 14 4 1 2 48 46 80.2

Other grain®.......... 35 1 5 1 2 NA 41 1 29.8

Alfalfa and other hay. .. 2 <05 7 4 - NA 8 1 61.0

Pasture and rangeland. . 1 2 <0.5 <0.5 - NA 2 1 488.2
Other crops®............ 67 5 79 20 44 81 NA 16 10.9
All crops............... 23 100 9 100 1 100 NA 100 839.9
Total usage, million Ib. ... 394.3 162.1 43.2 649.8

— None reported.
NA Not Available.

8ncludes miticides, fumigants, defoliants and dessicants, and plant growth regulators.

Includes oats, rye, and barley.
Cincludes potatoes, other vegetables, fruits, and other minor crops.

SOURCE: USDA, Farmers’ Use of Pesticides in 1966, 1971, and 1976, Agricultural Economic Report Nos. 179, 252, and 418, Economics, Statistics, and Cooperative:

Service, USDA, Washington, D.C., 1970, 1974, 1978.
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case, the total quantity of herbicides used, the
amount of land on which they were used, and
the amount of herbicide (active ingredient) ap-

lied per treated acre have increased marked-
ly. For example, the amount of herbicide ap-

lied per acre of treated corn increased by 125
percent between 1966 and 1976. Over this same
period the herbicide application rates for cot-
ton went up 58 percent; for wheat, 40 percent;
for soybeans, 80 percent; and for all other
crops, 75 percent (Eichers, 1981). And this her-
bicide was being applied to many more acres.
In 1978, 90 percent of the corn acreage was
treated with herbicides, as was 84 percent of
the cotton acreage, 88 percent of the soybean
acreage, and 38 percent of the land in wheat
(Harkin, et al., 1980).

Reliable national data do not exist on the
number of acres tilled by various methods nor
on the average number of tillage passes made
with the wide variety of equipment available.
But there is general agreement among experts
that the types of tillage equipment employed,
and the extent to which tillage is used, have
been undergoing considerable change.

This makes it difficult to characterize a par-
ticular tillage system as ‘“‘conventional.” The
conventional is continually changing. In the
scientific literature, conventional tillage most
commonly means plowing (in fall or spring)
with a traditional moldboard plow, then using
a disk, harrow, or other implements to break
up soil clods, smooth the seedbed, and destroy
weeds. But a 1978 survey in Illinois shows that
approximately 56 percent of the co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>