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Chapter I

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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NTRODUCTION: 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 policy makers 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 policy makers 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 production on de-
pleted agricultural land.

Nationally, soil erosion is 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
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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  i t  a l so  increases  l abor  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 wajrs of reducing the
frequency and degree of tilling the soil, Conservation tillage
methods generally share three characteristics: I ) they use imple-
ments other than the moldhoard plow, Z) t}]ey 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: Ctrarrges In Farm Production and EMcierrcy, 1977, USDA Economics, Statistics, and Cooperatives Service (Washington, D C
U.S. Government Prlntlng Office, 1978), statistical bulletin 612, p. 32.
Horsepower of farm machines: Changes kr Farm Production and Effic/errcy, 1977, p. 31.
Fertilizers applied: Changes in Farm Production and Efflc/ency, 1977, p. 27
Pesticides applied, 1964: Quantities of Pesticides Used by Farmers in 1%54, USDA Economics, Statistics, and Cooperatives Servce (Washington, D.C.
US. Government Printing Office, 1968), agr. econ rep. 131, pp. 9, 13, 19,26 1966: Farmers Use of Pest/cIdes in 1971—Quant/ties, USDA Economics, Statistics,
and Cooperatives Service (Washington, D. C.: US 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, DC U S. Government Printing Office, 1978), agr. econ rep
418, pp. 6, 9, 15, 20,
Water for irrigation: Estimated We 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 F/bar Sector: Energy Use and Outlook, USDA Economic Research Service (Washington, D C : U S Government
Printing Off Ice, 1974), p, 2.
Btu converted from kilocalories (kcal), as published in “Energy Use in the Food System, ” J S. and C. E. Steinhart, Science 184309 (1974) (1 kcal = 3:968
Btu, 1 Btu = 0.252 kcal.)
Time spent on farmwork includes crops, Iwestock, and overhead. After 1964, time used for horses, mules, and farm gardens was excluded.
Horsepower Includes tractors only (excluswe of steam and garden)
Fertlllzers 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, electrlclty, fertlllzer, agricultural steel, farm machinery, tractors, and Irrigation
Ctted In CEQ, 1981 Env/ron 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

1
*The Soil Erosion-Soil Productivity Research Prolect.

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 policy makers 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 prouctivity 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 potent ials and problems.  Most of  this
information is in app, B.

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

Loss of soil by wind and water erosion* is
—

erpsopm  remains in the same field, but farther downs lope. Soil
the major productivity degradation process oc- is eventually lost, however, as it moves  downslope off fields, into

waterways, or onto noncroplands. Soil quality is affected by soil
* Erosion rates do not represent net losses of soil because movement because organics and lighter materials are moved

eroded soil does not Simply vanish. Much of the soil moved by first, leaving  behind poorer soils.



8 • Impacts of Technology on U.S. Crop/and and Range/and Productivity

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
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Drainage

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-

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.

SalinizatiOn

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 whiIe small-scaIe 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 has bains.

Ground Water Depletion’

The next several decades will bring a marked
decrease in the availability and quality of the
Nation 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 y
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

*0”1’A 1s (.on(]u(:ting  a more  detailed study of this topic in a
separate assessment, \trater-Related  “i’e(:hnologif~.s  fi)r  .Sustaim
ing ,@ri(:ulturf:  in [ L .S. ,4rid and Sf?m iarid I,ands,

* *An aquifer IS a water-hearing undergroun(l  layer  of perme-
able r(x:k, sand, or ~ra~el.

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 Organisms

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
soil invertebrates are seldom
cumulative effect of agricultural
on productivity cannot be fully

Soil chemistry

the field, and
studied, the
technologies
measured.

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 her 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 RANG=LAND PRODUCTIVITY

There are approximately 853 million acres damaged productivity within a few decades of
of rangeland in the United States. Excluding initial use. Because overgrazing effects are
Alaska’s 231 million acres, over half the Na- most severe in dry areas where the land is least
tion’s rangelands are seriously degraded and resilient, range conditions now are worst in the
suffer from reduced productivity caused by Southwestern States. Data are inadequate to
overgrazing, mismanagement, and erosion. assess broad trends in range conditions. The
Only 15 percent of the ranges in the contiguous available erosion data, the findings of en-
States are rated in good condition. vironmental impact statements, and the testi-

mony of experts suggest that productivity is
Current range problems have their roots in still being degraded and that present range

early U.S. history. Throughout most of the arid management practices may not sustain produc-
and semiarid regions in the West, overgrazing 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,
•Q 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 servation have had and can continue to have
residue management, tillage management, ter- a widespread beneficial influence on many
races, and other traditional approaches to con- acres of farmland.

Cropland Acreage

.

1 Dot = 25,000 acres

SOURCE USDA, 1978

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 issue\ arc analyzed i n a recent OTA assess-
ment, ,411 .Assessment of the United States Food and Agricultural
Research System,  OTA-F-I 55 (Washington, DC.: U.S. Govern-
ment Printing office, Decemher 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 a p -

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’$ ROLE

Government policies and programs that af-
fect agricultural technology use and land pro-
ductivity generally fal l  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 anaIysts and program adminis-
trators have few analytical tools to predict how
specific economic programs will influence
land 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
redirection 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.

●

●

●

Conservation and production need not conflict Profitable technologies exist that main-
tain high levels of production while conserving long-term prod~ctivity of the land,
More such technologies could be developed,

Federal conservation programs have been poorly coordinated with other Federal pro-
grams that manipulate the economics of agriculture.

Data and analysis on how erosion and other processes enhance or degrade the pro-
ductivity of land under various management systems are inadequate for making the
best possible decisions on national agricultural policies.
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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.

Improving 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

Dovelop 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 Federal 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.


