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Much of the Southern Piedmont consists ofmajor crops in the region include winter wheat,
small farms and some woodlands, althoughgrain sorghum, and corn. Wind erosion is often
urban encroachment is increasing. Soil compacsevere, leading to soil damage and dust in the air.
tion and water erosion are major problems irProjections are that as many as 30 “dusty” days
areas where soybeans, corn, cereals and cottomay occur each year. Currently, a sizable portion
are grown. Soil compaction reduces root growthof this land is in the CRP and is classified as
and impedes infiltration of surface water. Con-"highly erodible land” (HEL) by USDA. The
tamination of surface and shallow groundwatemhigh erodibility of High Plains soils is exacer-
with agrichemicals also occurs. Poultry wastebated by the types of crops planted and the man-
management makes some areas in the Piedmomér in which they are grown. Using this area as
a rangeland/pasture priority as well (74). rangeland may provide a commercially viable

Steep slopes and medium-textured soilssnd environmentally preferable alternative; it
planted with cereal crops make the Palouse andaould both maintain ground cover and prevent
Nez Perce Prairies extremely vulnerable to eroerosion (74). Given the limited rainfall in this
sion. Wind and water erosion occurs on botharea, retention of soil moisture and efficient
medium- and coarser-textured soils; water erowater use also affect soil quality. The chief
sion occurs primarily during spring thaws, fromsource of water in the High Plains is the Ogallala
melting snow. Surface and groundwater qualityaquifer, and withdrawals from the aquifer for
are impaired by the combination of shallow soilsirrigation of local crops (for instance, cotton) are
and heavy application of nitrogen fertilizers. the primary cause of falling water tables (20).
Riparian grazing in this area creates rangeland More than half of the Northern/Central Dark
conditions that are also a high agroenvironmentaBrown Glaciated Plains is used for dryland crop
priority linked to water quality. production, mostly cereals. Some of the drier

Deep loess soils and steep slopes make thgarts of the area are allowed to lie fallow. Soils
lowa and Missouri Deep Loess Hills extremelyare deep and medium-textured. Wind erosion is a
prone to erosion. Although corn and soybeansnajor problem, and there is occasional water ero-
are grown intensively on these soils, the favorsion. Saline seeps are common because water
able natural productivity conditions of the deepmoving through the soil accumulates salt, then
loess can result in only moderate productivityreappears on the surface of the lower slopes.
losses from erosion if nutrient levels are main-Effective storage of water in the soil during the
tained with fertilizers. However, erosion trans-fallow period is of utmost importance. Currently,
port to offsite waters causes severea considerable amount of land in this priority
sedimentation problems and delivers agrichemiarea is enrolled in the CRP. The most highly
cals that migrate and accumulate in downstreararodible lands in this area were also designated a
rivers, wetlands, and estuaries. priority for rangeland conservation (74).

Steep slopes and water erosion also cause In the corn, soybean, sorghum, and cereals
major environmental problems in the Southerrregion of the Cherokee Prairies and lowa and
Mississippi Valley Silty Uplands, which border Missouri Plains, soils are subject to water erosion
the Mississippi River, and in the Southern llli- that is sufficiently severe to create gullies. This
nois and Indiana Thin Loess and Till Plains arearunoff carries sediment and agrichemicals to sur-
Erosion of the thin layer of soil that is typically face waters. Drinking water wells in this area
found in these areas brings significant economibave also been polluted by agricultural pollut-
problems, in the form of lost productivity, as ants. The soils are relatively unsuitable for agri-
well. cultural production, and erosion promotes further

In the High Plains, cotton is grown on sandyloss of soil productivity.
soil in the south. It leaves little residue to protect Portions of Hawaii are rapidly becoming
the soil from erosion in the off-season. Otherurbanized, but some farmland—dedicated to
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sugar cane and pineapple—still exists. Farms otions such as cycling carbon and nutrients, parti-
low mountain slopes and coastal plains argioning water on the land surface, and buffering
extremely susceptible to water erosion, howeverair and water from the effects of land uses. In this
which creates off-site sedimentation. These tropeontext, soil degradation means that the soil's
ical soils are deep and permeable, which facilicapacity to perform any of its productive, ecosys-
tates transport of agrichemicals to shallomtemic, or environmental roles is reduced. Devel-

groundwater. oping and maintaining soil quality that supports
these functions will require more than simply
Lessons for Targeting Soil Quality minimizing erosion.

The relationship between soil erosion and water A shift in emphasis from preventing soil ero-
quality is very direct, especially near steepsion to protecting soil quality, an idea gaining
slopes.Sediment washed from farm fields into support within the scientific community, could
rivers, streams, or wetlands reduces water qualitead to some fundamental changes in research,
by increasing “turbidity” (cloudiness) and by technology development, and programs. For
transporting fertilizer and pesticide residues intdnstance, research on managing soil quality
water bodies. Farming on steep slopes where ergvould focus heavily on how to regenerate or
sion control is extremely difficult emerged as aenhance soil functions (such as the ability to
serious issue relating soil and water quality. Sedabsorb and filter water; the capacity to hold
imentation of waterways from erosion can makenutrients and sequester carbon; and the ability to
water unsuitable for drinking, recreation, andsupport biological activity by plants, earth-
aquatic habitat, and can make flood control morgvorms, insects, and microbial life). Determining
difficult. Notably, six of the 10 priorities were the eligibility of soil quality priorities for various
chosen in part because of steep slopes and s@groenvironmental program responses would not
face water quality concerns. be triggered simply by erodibility measures, but
Despite dramatic national improvements inpy a more complete assessment of present and
controlling soil erosion, it is still a priority in potential characteristics of soils. For instance, in
certain areas. Trends show that significant particular areas, some cropland may be so mar-
improvements in controlling soil erosion haveginal in productivity that it might be more cost-

occurred on a national scale since the 1930sffective to devote attention and resources to
Nonetheless, soil erosion remains a conservatioficher, more productive soils.

issue. Wind erosion in the western Plains is still a
pro_blem, anc: agout 120I miIILc;n acresI cIJf theENVIRONMENTAL PRIORITIES AS
nation’s cropland are vulnerable to soil losse
that exceed rates of soil creation (91). Those lev- ROGRAM TARGETS
els are considered unacceptable by USDA. OTA's findings strongly illustrate that agroen-
Existing data on soil conditions do not permitvironmental priorities seldom involve just one
targeting based on soil qualitygoil data col- dimension of environmental quality (see appen-
lected by federal agencies, most notably by thélix B). Rather, it is very common for soil erosion
Natural Resources Conservation Service (NRC3p be systematically connected to water quality,
formerly the Soil Conservation Service or SCS)habitat or both. Water quality is virtually always
pertain almost exclusively to soil erosion. Indica-connected to some habitat or human health con-
tors for soil quality and for the various produc-sideration, and also typically reflects the condi-
tion, ecosystemic, and environmental capacitietion of soils (55). Figure dhows how closely the
that stem from soil quality have not been develpriorities overlap in many cases. The darkest
oped. However, research shows that soil qualitareas are those with the greatest number of over-
is important for producing agricultural crops andlapping priorities. When surface water, soil and
forage as well as for unigue environmental funcwildlife habitat are considered jointly, large areas
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of the Corn Belt, Atlantic estuaries, Lower Mis- resources in the priority areas help portray the
sissippi Valley and the Great Plains contain theeharacter of agriculture and potential environ-
most priorities. The overlapping of priorities sug-mental problems. A detailed analysis of the areas
gests possible patterns and interconnectionwas not feasible given the length of the project.
among many agroenvironmental conditions. Box 2 and appendix D describe some land types
The darkest areas may well be the highest-priin the priority areas. Approximately one-third of
ority areas in agriculture, and thus the highestU.S. cropland, pasture, and rangeland is in areas
priority targets for agroenvironmental programs.with two or more overlapping priorities. These
The types of land, water, and biological areas are dominated by the Corn Belt and large

BOX 2: What's in the Priority Areas?

Agroenvironmental conditions in the priority areas reflect the scale and intensity of agricultural produc-
tion and the character of environmental resources. A detailed analysis of the production and environmen-
tal bases was not possible given time constraints. OTA recommends such an analysis be conducted to
more fully understand the priority areas and their agroenvironmental systems. As a preliminary step, the
amounts of some major types of lands in the surface water quality, wildlife, and soil quality priority areas
are given in appendix D.

Cropland, pasture, and rangeland uses total nearly 525 million acres in counties wholly or partially
covered by all priorities. The figure represents nearly 50 percent of the U.S. total, which confirms that
important agroenvironmental problems are broadly spread across the nation. Not surprisingly, the major-
ity resides in the Corn Belt and Plains states. It is imperative to bear in mind that not all, or even a majority,
of the croplands, pasture, and rangeland in the priority areas are linked to serious environmental prob-
lems. Indeed, only a very small portion, such as 5 to 10 percent, may be critical to improved manage-
ment.

Over 23 million acres of forested and non-forested wetlands occurred in counties wholly or partially
covered by all priority areas, about 25 percent of the total in the lower 48 states. Dominant areas of wet-
lands fall in the Lower Mississippi Valley, Northern Plains, Corn Belt, and southern Florida.

In a separate study, about 2 milllion acres of riparian buffers were identified for priority attention to
remedy nonpoint water quality problems related to agriculture (44). Counties in the OTA priority areas
encompass two thirds of those potential riparian buffers. They are spread throughout the country, but
concentrated in the Corn Belt and Northern and Southern Plains regions.

Counties in the priority areas also hold just over 27 million acres of lands enrolled in the Conservation
Reserve Program, or about 75 percent of the total. No inference can be made as to the location of
present CRP enroliment lands vis a vis lands key to solving citical environmental problems in the priority
areas. The existing CRP regional distribution indicates agriculture has already set aside sizeable capac-
ity to address the environmental problems via long-term set aside if targeted appropriately.

When multiple overlaps of priorities are considered, the relevant land use and environmental scales
shrink as portrayed in figure 4. For areas where two and three priority criteria are satisfied, total cropland,
pasture, and rangeland fall to about 350 million and 40 million respectively. The Corn Belt and Plains
states retain their dominant positions. Wetlands in priority counties decline to about 5.3 million and
300,000 acres. The Great Lake states, Lower Mississippi Valley, and Northern Plains account for large
parts of the totals. Finally, priority areas identified for two of three environmental dimensions accounted
for nearly 725,000 acres of riparian wetlands, mostly in the Corn Belt and Southern Plains, and the three
overlap region captured about 153,000 acres, virtually all in the Corn Belt.

SOURCE: “Land Use, CRP Contarcts, and Riparian Buffers by Geographic Region: A GIS Approach,” by John G. Lee and
Stephen B. Lovejoy, L&L and Associates, West Lafayette, Indiana, July 1995.
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areas of the Great Plains, presumably reflectinarmers support for managing whole farming
the heavy concentration of agricultural produc-systems.
tion in those regions. Other important areas One way of shifting the focus of conservation
include watersheds and river basins flowing intaxoward entire systems is to target policy and pro-
two Atlantic estuaries and the Lower MiSSiSSippigramS to “agroecosystems” instead of to individ-
region. The priority designations do not imply ya| system components. The concept of an
that all farmlands in the area are generating Ohgroecosystem (figure 5) shifts the emphasis
incurring environmental damage and need promgre clearly toward acknowledging that farms,
gram attention. Inc_lee_d, onl_y small amounts Ofbeyond supporting cultivated vegetation and
farmland may require intensive treatment. domesticated animals, also affect nutrient
For example, the areas with more than one pricycling, hydrologic flows, soil and water quality,
ority designation contain only about 724,000anq wildlife habitat. An agroecosystem covers
acres of riparian buffer acres needed to proteghe area most directly sustaining the environmen-

streamsl and rivers from water pollution g ang productive functions of farms. Con-
(43,44)%. Most of those acres are in the CorMyersely, it includes the area in which most

Belt and Southern Plains regions. Similarly, onlyavironmental side-effects of production—such

about 5.4 million acres of forested and unfor-,q sediment deposition, modification of wildlife

es_te(_j Wetle}nds arein areas W'th more than ONfabitat, or changes in water quality—are likely to
priority designation. The areas with two or MOre . yetected. Thus the concept is important to

E:rlgjlgtllefr? d(s:u.rrrﬁirsltgmlgﬁwtd; I;?] drrr](!“(r)gs:rf'[sezgfl uide of research and monitoring agroenviron-
' P Pfental conditions. When agroecosystems are the

CapaC‘Fy to protect the_riparian buﬁers and Wet'focus for programs and policies, on-farm conser-
lands if reenrollment is reconfigured to those ’

. . vation and productivity concerns, as well as off-
types of priority lands where production andfarm environmental conditions, are addressed in
environmental protection are incompatible. '

. . . th me effort.
Without intimate knowledge of the dynamlcst eTsa .ede ort impl tati d |
among soil, water, and wildlife dimensions of an 0 guide program Implementation and evalua-

agroenvironmental priority, it is difficult to tion, it is important to identify measurable

design programs that protect or restore agroenv@ttributes of —agroecosystems. Unfortunately,

ronmental health. In response to growing awarelN€reé @ lack of agreement among scientists on

ness of the importance of system dynamicst,hose_ attributes and the underlying relationshi_ps
concepts such as “whole-farm management” anfhat tie them together. Thus program strategies
“ecosystem management” have begun to genefl€signed and implemented separately will likely
ate interest among scientists as well as amon@isS opportunities for gaining complementary

policymakers (88)Yet, despite some philosophi- environmental objectives or avoiding possible

cal movement toward a more holistic view ofconflicts. An objective of future program design

agriculture and its relationships with the envi- should be to create effective mechanisms to
ronment, most policies and programs still focusensure that individual programs take into account
on discrete components of agroenvironmentahatural environmental interactions of agroeco-
systems rather than the systems themselves. Feystems. The “special area management”
example, most conservation programs for agri-approach implemented under the Coastal Zone
culture deal exclusively with soil erosion. Management Act offers one model that has
Although other programs deal with water quality achieved some success in drawing together
issues, and even habitat, virtually none offerdiverse program efforts (10).

11 All areas selected as surface water quality, wildlife habitat, or soil quality priorities contain over two thirds of the 2 million acres of the
identified riparian buffers but contain just about one half of the nation's farmland.
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AGROECOSYSTEM

The term “agroecosystem” indicates that farms do more than produce cultivated vegetation and domesticated animals. Farms also affect nutrient
cycling, hydrologic flows, soil and water quality, and wildife habitat. The term also refers to the area that most directly supports the environmental
and productive functions of farms and, conversely, in which most envionmental effects of production-such as sediment deposition, modification
of wildlife habitat, or changes in water quality-are likely to be detected.

SOURCE: Adapted from EPA Environmental Monitoring and Assessment Prcgram (EMAP),

1992 Agroecosystem Pilot Project Plan
(EPA/620/R-93/010),  January  1993.
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DEVISING STRATEGIC PROGRAMS FOR the effective use of public funds, particularly
AGROENVIRONMENTAL PRIORITIES when private incentives exist to adopt beneficial

The structure of current federal conservation anfactices.

environmental programs affecting agriculture Historically, only about 10 percent of federal
makes it difficult to address the priorities identi- agricultural research funds are committed to nat-
fied above. The programs do not sufficiently tar-ural resource topics, even though agroenviron-
get programs to the full spectrum of priorities; mental issues have become much more important
they rely predominantly on subsidies in a time ofto the American public over the past three
shrinking budgets, and they do not adequatelylecades. Perhaps as a result of inadequate fund-
emphasize research and technology developmefg, traditional research and development pro-
specifically designed to ameliorate significantgrams have not led to technological innovations
agroenvironmental problems and maintain longhat provide remedies for environmental prob-

term profitable production. o _ lems while simultaneously maintaining farm
¢ Ijjr'ogr?ms Stt'””,d'reCt,Ithe major't&/h of :]hterl]r competitiveness. Moreover, decisions about pub-
unding to controfling soit erosion, aitnoug ©lic agricultural research are generally made with-
latest science reveals that serious water quality C .

. . : . ‘gut systematic input from conservation and
wildlife, and soil quality problems are all envi- gnvironmental programs. Given growing interna-

ronmental priorities. Current programs addres " ; :
general classes of problems, such as all highl§;onal competition enhanced by liberalized trade,

erodible lands, while science shows that thedS well as strong public preferences for environ-
severity of problems varies considerably acros§nental quality, the development of such technol-
the class and the country. Furthermore, eveRYies is becoming vital to the agriculture
though priority problems often involve multiple industry’s long-term health.

environmental components, existing programs Bridging the gaps between current programs
generally do not systematically account for agro-and new realities will involve more refined tar-
ecosystem interactions. Advances in targetinggeting plus, in response to calls for streamlining
including the expert panel process, make it possprograms to reduce burdens on farmers, a simpli-
ble to focus programs more tightly on agroenvi-fied set of approaches that take maximum advan-
ronmental priorities and systems. tage of private incentives (and rely less on

A large number of programs rely heavily on g psidies). These approaches could inchfde:

federal sub3|d|gs, in the'form of cost-sharing forl_ Promoting the adoption of “readily available”
new conservation practices or rental payments technologies that improve environmental con-

for land retirement. Moreover, the many differ- . . )
. . : ditions and maintain profit (complementary
ent programs pose high administrative and trans- .
technologie®d).

action costs for farmers ftrying to determine i ) ) o
whether they are eligible for the programs and> Encouraging through incentives or disincen-
how to comply with program requirements. Con- {iveés @ move toward management technolo-
tinued heavy reliance on subsidies runs counter 9i€s that achieve environmental objectives and
to current and projected budget cutbacks. Aside- keep land in commercial production.

from being unsustainable in the current fiscal cli-3. Voluntarily retiring farmland for long periods
mate, over-reliance on subsidies does not lead to when foreseeable agricultural production and

121his categorization of strategies pertains directly to actions on private lands, and not the installation or maintenance of public works,
such as flood control structures.

130TA has previously outlined the concept of complementary technologies as those that enable farmers to improve environmental qual-
ity while maintaining acceptable profits (91).
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desired environmental performance arebiological resources—used to produce food,

incompatible. fiber, and other agricultural products. Implicitly,

The first and second approaches should b# includes the management scheme whereby
backed up by a vigorous public/private technol-those inputs are combined into practices com-
ogy research and development program aimed &tising the overall production system. The rapid
addressing agroenvironmental priorities whilegrowth of U.S. agricultural productivity during
continuing profitable production (91). The this century has been fueled by a series of tech-
remainder of this report describes each approadhological advances, from the advent of mechani-
in general and then illustrates its application tgcal cultivation, to synthetic fertilizer, to hybrid
selected surface water quality, wildlife, and soilseed, to chemical pest controls. These technolo-
quality priorities. Other analysts have used simigies have propelled unprecedented growth in
lar classes to characterize the different categoricgop and livestock production, yielding large
of practice (technology) profitability (46). returns to crop and livestock producers and con-

All of the strategies could be implementedSUMers. But the application of these technologies
under the guidance of whole farm naturaln@s also resulted in environmental degradation.

resource management plans. Such plans woufgrominent examples include wind erosion and
incorporate considerations of soil quality, waterwildlife habitat .destructlon from .cultlvatlng
quality, and wildlife habitat into the farm’s pro- grasslands, sediment runoff clogging roadside

duction system on an integrated basis using thgitches, streams and rivers, and fertilizer and

best science. The construction and impIementaQeStiCide residues flowing into water resources.
tion of the plans would draw heavily on the Unlike traditional technologies stimulated by

farmer’s expertise to capitalize on his/her inti_yield-enhancing“ or cost-savings rewards f_rorp
mate knowledge of the farm’s natural resourcedh® market, “complementary technologies

(52). Public agencies could assist in a variety ofvould by desigrenable farmers to enhance envi-
roles, providing information on applicable envi- onmental quality while maintaining farm pro-

ronmental objectives, the functioning of agroen-ductivity and profitability.

vironmental systems, and the economic and Just as the emphasis on producing abundant
environmental performance of technologies. The food spawned technologies that promoted inten-
efficacy of the plans would be limited by incom-  sive production and economies of scale, the
plete understanding of the dynamic aspects of shift toward a emphasis. on poth abundant food
production-environment interactions. The fusion and environmental quality signals the need for

of private and public resources gives the best zqeg’rm':ﬁhn?g%f;"ttha;r(f’r:]evfhnet %‘:Jlgg?”(gi”d
chance of achieving coordinated environmental 0.100). P y ’
objectives, private conservation goals, and sus- = o .

taining a competitive farm operation. The com- Shifting to institutions that stimulate the
position of the plans would depend on specificd€velopment of technologies guided both by pro-
on-farm and off-farm environmental objectives,duction and environmental objectives  will
coupled with the farmer’s personal and produc/€quire changes from the status quo research and

tion goals, and so would vary by farm and byddroenvironmental management approaches. The
region. private sector now has few incentives to develop

and promote complementary technologies in

0s di | agriculture. Market forces have “induced” agri-
preading Complementary cultural technology innovation that reduces the
Technologies need for relatively expensive purchased inputs,
The term “technology” covers the various such as land and labor. The private market costs
inputs—Ilabor, information, machinery, water, of these inputs are effective signals to conserve
chemicals, soil, plants, animals, insects and othexxpenditures by substituting less expensive
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inputs. However, the costs of many agoenvironiural production and environmental quality are
mental problems—such as degraded water qualhdependent goals that may, at times, actually
ity or diminished wildlife habitat—are not compete with each other. Indeed, production-
generally or fully reflected in market prices orrelated technologies that are not explicitly
costs when the damages affect resources off ttaesigned to achieve environmental goals will at
farm. Similarly, when agricultural practices ben-best accidentally improve environmental quality,
efit off-farm environmental resources, farmersand at worst cause significant degradation. Most
may not be able to collect those benefits, as falikely, the present disconnect between produc-
habitat benefiting migratory wildlife. Conse- tion and environmental technology development
quently, there is little impetus for technological produces both improvements and degradation,
innovation that ameliorates these environmentabut in an unpredictable fashion. For instance,
costs, or enhances off-site benefits. given a situation in which water quality goals

One function of public policy is to provide require a reduction in nitrogen applications but
signals that help attain social goals that are nadtitrogen-dependent crop varieties dominate
expressed clearly in the marketplace. Howevergropping patterns, an inherent conflict between
public policy has not addressed the barriers tgroduction and environmental goals emerges.
developing and adopting complementary techThis conflict may in fact increase on-farm costs
nologies. Although public cost-share subsidiesassociated with conservation management, and
may encourage farmers to adopt some technolso slow the adoption of conservation practices.
gies to reduce pollution, subsidies do not gener- During the past three decades, a few agricul-
ally provide incentives to integrate productiontural technologies have emerged with the power
and environmental goals into a unified techno+o increase profit yet reduce environmental dam-
logical approach from the outset. Efficient regu-age caused by farming in some situations. Inte-
lation may expand the market for complementanygrated pest management (IPM) and conservation
technology, insofar as the regulatory restrictiongillage (CT) may be among the most recogniz-
translate into market incentives for cost-effec-able examples currently in use. IPM uses scout-
tive, environmentally sound alternatives (65).ing and other management information to better
However, environmental regulation has not beertarget a range of chemical and non-chemical
widely used in agriculture, compared with othertreatments to control pest problems in an eco-
industries (91). In some cases, it may not be theomically and ecologically sound manner (see
most desirable approach for stimulating developbox 3). IPM often lowers pesticide applications
ment and use of complementary technologies. and associated costs (13).

Federal research funds have generally not Conservation tillage is defined as any tillage
been directed to environmentally related topicsand planting system that (a) leaves at least 30
nor to targeting innovations that enhance theercent of the planted soil surface covered by
compatibility between production and environ-crop residue to reduce soil erosion by water, or
ment. Since the 1970s, about 10 percent of théh) leaves at least 1,000 pounds of residue per
work done by federal and state research instituacre during critical periods when soil erosion by
tions has been dedicated to natural resource top¢ind is a primary concern. On the heels of the
ics, compared with more than 60 percent related970s energy crisis, the CT revolution reduced
specifically to production of crops and animalslabor, fuel, and machinery costs, and maintained
(94). How much of the 10 percent of researchor increased yields in many areas. It also signifi-
monies devoted to natural resource issues corantly reduced erosion and polluted runoff. The
cerned complementary technologies is unknowneffects of CT on groundwater and wildlife are

As long as agricultural technologies arenot fully understood.
designed specifically for one purpose—and that These two production practices or systems
purpose is typically yield enhancement—agricul-generally satisfy the criterion for complementary
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BOX 3: Integrated Pest Management as a Complementary Technology

Integrated Pest Management (IPM) uses enhanced information and multiple tactics, drawn from a vari-
ety of production methods, to manage pest populations in an “economically efficient and ecologically
sound manner” (60). Some of the strategies used as part of an IPM approach to pest control are scouting
and monitoring for insects, development of crop varieties with resistance to specific pests, pheromone
traps which lure insects to traps, changes in tillage and crop mix, use of sterile insects or release of natu-
ral predators and biologically based pesticides.

IPM programs are typically tailored to specific crops and, correspondingly, to specific kinds of pests.
Very few IPM programs have been developed for livestock, but many have been designed for crops. Cot-
ton and its most severe pest, the boll weevil, have been the primary target for IPM innovations. Other
crops, including soybeans, tobacco, fruits, corn and flowers are among the 30 or more agricultural crops
that have been managed using IPM concepts.

Economic Performance: Review of 61 farm-level evaluations of the economic performance of IPM
(13,60) showed that this approach generally leads to increased profitability over conventional
approaches. Lower pesticide use, lower production costs, lower risk, and higher profits to producers
were commonly observed. While surveys indicate that over half of the nation’s fruit, nut, vegetable and
major field crops are managed with IPM, barriers to wider adoption persist; for example, “inadequate
knowledge of available IPM alternatives, too few crop consultants to deliver IPM services, and the higher
managerial input necessary for IPM implementation” may slow adoption in certain regions or for certain
crops (102).

Environmental Performance: There are many practices that can feasibly be included in an IPM sys-
tem, but surveys indicate that the bulk of IPM users rely predominantly on conventional pesticides (102).
Although IPM-users manage pesticides more strategically than non-IPM users, it should be noted that
more strategic or efficient use of pesticides does not necessarily mean a reduction in the total amount of
pesticides applied. Rather, it means that pesticides use is tailored to monitored pest levels. Therefore,
environmental benefits from reduced pesticide use should not be assumed in all IPM systems.

The diversity of methods used by IPM practitioners, and the absence of complete research about the
effects of these practices on water quality, soil quality or wildlife makes general conclusions very difficult.
The use of pesticides and other pest control methods on IPM-grown crops can be subjected to the same
scrutiny applied to their use in any production regime: what inputs are being used, where are they being
applied, when, and how? In addition, some consideration might be given to the ecological effects of intro-
ducing predatory or other pest control organisms into agroecosystems. The actual environmental effects
of these introductions may never be fully anticipated a priori.

SOURCE: Office of Technology Assessment, 1995.

technologies of maintaining profit while improv- technologies benefit both agricultural producers
ing environmental performance. However, eachand the environment.

technology involves different degrees of profit- As noted above, environmental regulation,
ability and different levels and types of environ-which can stimulate the search for and adoption
mental effects, depending on the farm andf such technologies, has not been widely
natural resource area in question. Crop and liveapplied to agriculture. Pesticide registration is
stock enterprises, machinery, management expéhe major exception, so the development and
rience, soil type, climate, and many other factor@adoption of IPM may have been affected. How-
determine whether, and to what extent, certairver, U.S. pesticide regulation may have stymied
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the development of more environmentallyachieved. These two cases illustrate that achiev-
benign pest controls (54). Conservation compliing production and environmental objectives are
ance, a form of quasi-regulation that requiresot automatic outcomes of using the technology.
agricultural program participants to implementRather, they depend on proper application, and
conservation practices on highly erodible landsthat successful application depends heavily on
has accelerated the adoption of CT (96). But it isnanagement training and expertise.

doubtful that the narrow focus of conservation How could program reforms be made to has-
compliance on erosion control fully exploited theiap, the full development and adoption of such
possible environmental gains from Conservatiorbomplementary technologies? A first step would

tilage technology. Thus the full potential of CT g 4 igint public-private review of such technolo-

and IPM to simultaneously achieve productlongies by crop or livestock enterprise and by

gnd environmental objeptlves S|mu!taneouslyregion. All parties would simply be informed
likely has not been realized and will not be

; about what is available or about to be developed.
achieved under current programs. . L
Table 6 lists some preliminary and elementary
F P Need considerations in conducting such reviews.
uture Program Needs ) ) The unigue combination of production and
Complementary technologies hold considerablgnironmental conditions comprising agroeco-
promise in agriculture, but only if research and gy g1ems requires that the reviews be conducted
agroenvironmental management programs ari‘fn a state and local basis, to take advantage of
redlr_ect(_ad o encourage their dgvelopment an egional and local knowledge of farming systems
application. Despite inadequate incentives, SeV-2nd environmental responses. Experience with

eral classéé or families of technologies with IPM and CT, for example, suggests that neither

great potential to meet agricultural and environ- T .
) o of these technologies is likely to be a “silver bul-
mental goals simultaneously are gaining atten:

tion. In addition to IPM and CT, other |oossible:etj fo(rja!l ?rml_ng_ antd enwron:nen(tjal S|tuat|otns. d
candidates include precision farming which cov- ndeed, Indiscriminate general endorsement an

ers soil nutrient testing (see box 4), managemenﬁpal_'cat'or:j,may wc'JArsen eltréerlenvwonmental or
intensive or rotational grazing, biotechnology,Profit conditions. A second, longer-term step
and organic farming, among others. would reorient public agricultural research fund-

The success of these technologies depends 5?9 and in_centiyes to support the Qevelopmeqt of
sufficient management expertigeor example, technologles s_lmultaneously serving production,
research on IPM indicates that successful appliProfit. and environmental objectives (91).
cation depends on improved knowledge of pest Once complementary technologies are identi-
populations and a wide range of cost-effectivefied and developed, they could be adopted in a
control methods (59). But that finding largely cost-effective manner through voluntary educa-
covers management for production objectivedion and technical assistance programs to build
only. Adding environmental considerations needed management expertigethe past, fund-
would raise the level of management required tang for federal agroenvironmental programs has
yet another degree. Similar considerations applpeen allocated primarily to retiring land and
to implementing CT in diverse farm and resourcémplementing structural solutions, such as build-
settings to ensure full environmental benefits aréng terraces. In order to increase management

141pMm, CT, and many other classes of agricultural technologies actually cover multiple specific technologies that apply to different types
of farms and natural resource situations. For example, CT includes no-till, ridge-till, mulch-till, and many other variants of reduced tillage.
Similarly, IPM covers a variety of approaches to particular crops, pests, and regions. The same diversity will emerge for new technologies to
best adapt to farm-specific and resource-specific requirements. This observed diversity supports program approaches that permit flexibility in
designing and implementing agroenvironmental practices and systems, rather than specifying generic best management practices.
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BOX 4: Precision Farming as a Complementary Technology

Precision farming (also called "site-specific," "variable rate" or "prescription” farming) refers to a set of
technologies designed to enable farmers to adjust fertilizer and pesticide use to variations in soil proper-
ties from point to point across their fields. Different parts of a single field may contain very different levels
of nutrients and degrees of pest problems, and site-specific technologies allow farmers to discern these
differences. So far, the approach has primarily been used to manage fertilizer application more effi-
ciently.

Variable rate technologies are presently available in a range of applications, including soil testing
devices, yield monitors, and tractors outfitted with receptors for retrieval of satellite information. All vari-
able rate technologies depend on data, typically from censuses or soil probes or surveys, and effective
information-management practices are critical to successful implementation. Information management
can, in some cases, mean that as a farmer becomes more aware of field characteristics, gradual adapta-
tions can occur in farm planning. In some applications of variable rate farming, soil data is integrated with
satellite-supported global positioning systems (GPS) and computer-supported "expert systems" software
to produce rigorous, computer-driven input applications at every point in a field. The latter is the applica-
tion most commonly dubbed "precision farming" but the term is really broader.

Economic Performance: Variable rate farming is designed to maximize profits by increasing the effi-
ciency of input use. The balance between production costs and revenues is the key to profitability, not
increasing yield. In other words, the goal of this approach is not to grow more, but to grow smarter. The
profitability of variable rate farming has not yet been documented thoroughly. USDA analysts note that
"[g]iven the newness and limited application of precision farming, analyses of the costs and benefits are
only beginning to become available." (95).

Farmers in Pennsylvania reduced their fertilizer applications on corn by about one-third when using
pre-sidedress soil nitrogen testing and achieved a modest increase in profit of $3.70 to $13.50 per acre
(51,78). The findings corroborate those for a similar analysis of lowa farmers (5). These concrete eco-
nomic gains have encouraged gradual adoption of soil testing in some states.

Precision farming systems may be most advantageous in the production of crops that require a lot of
fertilizer, herbicide, or insecticide because it is on these crops that rigorous efficiency could allow farmers
to pare down their use of purchased inputs. Reduced use means budget savings. Yet, in its fullest appli-
cation, precision farming could require an investment of up to $250,000 in equipment and support ser-
vices (95), and it is not yet clear whether these costs will be sufficiently offset by the benefits of precision
technology (i.e., reduced input expenditures or increased yields) to make it widely profitable.

Environmental Performance:  Increased input efficiency could reduce the total amount of agrichem-
icals used on farms, and this could reduce the total amount of pollutants available for contamination of
soil or for leaching into groundwater and runoff into streams. However, increased efficiency does not nec-
essarily mean a reduction in the overall amount of inputs applied. Rather, increased efficiency means that
doses are calculated to minimize inaccurate application at individual sites. When these individual doses
are summed, the total amount applied may or may not be less than the amount applied without variable
rate technologies.

Even when total amounts do decline under precision farming regimes, actual environmental effects
depend not only on how much is used but also on what compound(s) are used and where, when, and
how they are applied (71). Scientific research suggests that predicting environmental effects based
solely on input levels may not be possible. For instance, if application of pesticides or fertilizer is concen-
trated near stream banks (riparian areas) or on very porous soils that filter chemicals swiftly into ground-
water, then environmental effects may change very little even though total chemical usage might have
declined. In short, the mechanisms by which inputs applied with precision methods interact with environ-
mental quality must be taken into account to determine the actual effects caused; total amounts applied
are not adequate information.

SOURCE: Office of Technology Assessment, 1995.
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TABLE 6: Reviewing Agricultural Technologies for Complementarity

General Considerations

Specific Considerations

What is the technology?

What is it designed to enable farmers to do?

What do we know about the profitability of this
technology (compared with the most likely alternative)?

What do we know about the environmental implications
of this technology (compared with the most likely
alternative)?

Given these findings, will this technology support local,
state, and federal production and environmental
objectives?

Which management skills and equipment does it use? Are
they readily available from the private sector or public
programs? Is the technology targeted toward a particular
kind of farm?

What can farmers do better with this technology? What
evidence exists to confirm its promise in particular
settings?

Compared with the profitability of the most likely alternative
technology, what are costs, benefits, and risks of adopting
the technology in different farming regions, for different
kinds of agricultural enterprises? What kinds of transition
costs can be expected from shifting to the technology?
What effect does use of the technology have on water
quality, soil quality, air quality, and wildlife habitat quality?
Can these effects be compared with those associated with
the most likely alternative technology used in that region,
on that crop, under similar environmental conditions?
Have specific economic and environmental performance
objectives been articulated for the sector? How will the
technology enhance or detract from agriculture’s capacity

to achieve its dual performance goals?

SOURCE: Office of Technology Assessment, 1995.

expertise (knowledge of natural resource sysnew forms of management, so equipment sub-
tems, technology application skills, and so forth) sidies should not constitute a major expense.
these programs will likely have to be reoriented

significantly. Some short-run costs, mostly for ] Shifting Management Practices through
management training, will likely be incurred asPublic Incentives or Disincentives

production technologies change. Ultimately, theComplementary technologies may not be avail-
economic benefits stemming from these technolable for some agroenvironmental problems, and
ogies should provide farmers with natural incentherefore some cost must come from public or
tives to use them. private budgets. In such cases, a form of public
The “on-farm” research emphasis of the Susincentive (such as subsidy payments or cost shar-
tainable Agriculture Research and Educatioind for practices, property tax or income tax
(SARE) program may serve as a model for he|pbreaks, or preferential terms on federal credit) or

ing farmers and ranchers evaluate and adagP™M€ type ofdc_ji_sinclentli_vgb_(lguc? as re_gullatio?s,
complementary technologies to their Iocaltaxes' or conditional eligibility for agricuitura

agroenvironmental systems (90). Bringing farm-Program payments) is required to induce farmers

ers and ranchers into the research rocesand ranchers to change their land or water man-
P asgement practices. However, unlike land retire-

ensures that the findings will be relevant to the'rment, the goal remains to continue commercial

particular situations, and that scarce researCBroduction while achieving the environmental
program resources are used efficiently. To overgpjectives.

come farmers’ and ranchers’ fears about yield The decision to use incentives or disincentives
loss or offset some expenses for new equipmenjs political. Technical or economic analysis can
some subsidies may be required initially. Butmake the choices clearer by providing estimates
many of these technologies primarily requireof the type and degree of risk, the extent and
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duration of damages, which groups are mosheeds. Those higher costs discourage not only
affected, and other consequences. For examplparticipation, but the adoption of new practices.
if an environmental problem threatens human |f agriculture’s minimum environmental per-
health significantly, regulation could be the mostformance guidelines within each agroenviron-
effective way to minimize exposure and ensurénental priority area were clarified, it would be
public health. In situations where the risks areeasier to determine when incentives or disincen-
less significant or scientifically uncertain, or tives should be used. At least one state, Vermont,
where the practices lead to environmental benés attempting to implement uniform general
fits not required by law, incentives may be pre-codes of agricultural practice expected of all pro-
ferred. Eventually, policy makers must decideducers—in effect a form of required minimum
whether farmers require incentives (compensastandards (104). Beyond that minimum standard,
tion) to achieve the environmental objectives, okthe public is obligated to provide financial assis-
whether they must attain certain levels of perfortance (cost sharing) if further environmental
mance without public assistance. Most fedel’almprovements are desired. Applying the uniform
agroenvironmental programs aimed at alteringninimum standards approach implies that farms
agroenvironmental management practices relyh the entire state are required to satisfy the mini-
on incentives rather than disincentives. mum codes of practice which may appear to run
Changes in management practice can take theounter to the notion of targeting. Conceivably,
form of a shift in production inputs, such assome minimum level of effort by all farms may
reduced irrigation water use; a change in thde considered necessary if, for example, surface
cropping enterprises, such as increased crop rotaaters statewide are considered a priority target.
tions to reduce pesticide applications; or soméetermining minimum requirements for agricul-
combination of changes in input and enterpriseture, whether in a priority area or statewide,
An extreme change might be a switch from culti-would also reduce uncertainty for farmers and
vated crop production to continuous hay or graspublic agencies in implementing land manage-
production—in effect a CRP-like conversion thatment practice programs through incentives or
allows commercial forage use. In some caseglisincentives.
these changes could be viewed as short-term A new approach to reducing uncertainty is to
approaches to resolving environmental conflictsallow farmers to satisfy all applicable regulatory
that also trigger public and private efforts torequirements by implementing and maintaining a
develop complementary technologies. Howevercertified total farm resource plan. Termed “envi-
whenever human or environmental health isonmental compliance,” the approach helps
strongly threatened, continuing disincentivesfarmers to avoid existing and potential agroenvi-
(such as registration of pesticides) may be necesonmental regulatory burdens by constructing
sary to guard against excessive risk. and implementing individualized farm plans that
One of the greatest challenges in this strategguit their particular operations and meet public
is to convert a wide array of existing incentive environmental responsibilities (52). Many unan-
programs into a streamlined, consolidated efforswered questions remain—how to achieve multi-
that targets national priorities. More than 60agency agreement on the criteria and standards
years of programs to treat specific problems hafor the plan, whether plans should come from
resulted in a pastiche of unintegrated effortspublic agencies or the private sector or both, who
Such a piecemeal approach not only reduces thghall do the monitoring of environmental perfor-
feasibility of focusing program resources onmance under the plan, and resolving potential
high-priority problems, but also likely confuses conflicts with existing environmental statutes.
farmers seeking public assistance about whicihe environmental compliance plan could be a
program best fits their needs, and raises thesubstitute for incentive programs providing cost-
costs in finding an appropriate program for theirsharing, or a supplement. The Vermont program
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referred to above, for instance, operates in tarreceive easement payments and cost-sharing for
dem with a subsidy program to defray some costeestoration expenses. Less than 100,000 acres

for practices beyond the minimum levels. have been enrolled to date despite offers from
landowners to enroll nearly 600,000 acres during

O Retiring Farm Land from the bidding process.

Commercial Use Important lessons have emerged from these

he | . | program experiences to inform future land retire-
The last program strategy Is to encourage volunz,qnt injtiatives.Of principal relevance to this

tary retirement of environmentally sensitive Iandanalysis several studies have determined that
from commercial production for long periods (_10CRP enroliments could have produced signifi-
years or more). Such a strategy essentiallianyy higher environmental benefits by more
acknowledges that in certain cases, normal croggfective targeting of environmental priorities
or livestock _actlvmes and ac_ceptab_le environ-g1 68) Better environmental performance is not
mental quality cannot coexist. Given largeinconsequential to considerations of program
annual rental costs averaging $50 or more peLyiension or renewal. Although the CRP has pro-
acre, this strategy should be reserved for priorityyced sizable environmental benefits, a recent
cases of greatest environmental value and Wher&)mprehensive assessment of CRP evaluations
enroliment ensures long-term environmental proggnciudes that “it is unlikely from a social wel-
tection. Preserving critical wetlands that couldgg e standpoint that the CRP produced benefits
yield water quality, wildlife, and flood control g ficient to cover its costs” (14). Moreover, with
benefits may be one example. _ the exception of wildlife benefits, most assess-
The federal government has implemented twanents have not used ground-level monitoring to
major farm land retirement programs during thisdefinitively determine whether environmental

century: the Soil Bank (SB) from 1958-1972 andimprovements, such as water quality, have actu-
the CRP from 1986 to the present day (91). Moreyly taken place.

than 28 million acres have been covered by the Any renewal or new version of a land retire-

SB and more than 36 million acres by the CRP—ment program should begin with all e||g|b|e
nearly 10 percent of the nation’s cropland. Thgands, previously enrolled or not, equally com-
SB was aimed primarily at supply managementpeting for enrollment on the basis of environ-
the CRP combined supply control with erosionmental priorities and costCRP enroliment
control objectives. Thus neither was or has beefrocedures after the 1990 farm bill guided by an
driven primarily by environmental consider- environmental benefit index indicate rudimen-
ations. Both programs solicited voluntary enroll-tary targeting information substantially improved
ments of eligible lands through annual rentalpotential environmental performance (61). How-
payments paid over mostly 10-year contracts andver, this targeting procedure only applied to
cost sharing for conservation practice establishabout 3.5 million acres, and not the 33 million
ment. enrolled prior to the 1990 farm bill. Regional
A third land retirement effort, the Wetland analyses demonstrate that both higher environ-
Reserve Program (WRP), was initiated by themental performance (see box 5) and lower rental
1990 farm bill. Its enrollment target is 975,000 costs may be reasonably expected. Thus, a sim-
acres by 2000. The WRP was established to prgle renewal of existing CRP enroliments would
vide landowners with an opportunity to voluntar-fall substantially short of maximizing the envi-
ily return converted or farmed wetlands toronmental cost-effectiveness of long-term land
wetland condition. Landowners must sign a perfetirement.
manent or long-term easement that restricts agri- SB experience and surveys of CRP participant
cultural use of the land but permits compatibleintentions indicate the majority of enrolled lands
hunting, fishing, or recreational uses. Enrolleegprobably two-thirds or more) will return to pro-
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BOX 5: Targeting CRP in the Prairie Pothole Region

The Prairie Pothole region, about one-fourth of which dips down from Canada into the Dakotas, was
identified in the expert panel exercise as an environmental priority for agriculture. On the North American
continent, no region produces more ducks than the Prairie Potholes of the Northern Great Plains. Indeed,
more than 50 percent of the ducks living in the U.S. and Canada were born in the Prairie Potholes (31).
Ducks, deer, mink, and fox are among the wildlife that depend on this combination of wetland and grass-
land habitat.

Fields of wheat lie in close proximity to these wetlands, and many sporadic wetlands have been con-
verted to farm fields over the course of this century. Approximately 6.2 million acres in the Prairie Pothole
region are presently enrolled in the Conservation Reserve Program (2), which pays farmers to take land
out of production for up to 10 years. These acres were enrolled primarily to control soil erosion, not to
benefit wildlife. Yet, unexpectedly wildlife benefits have occurred.

If acres in the Prairie Pothole region are enrolled in a renewed CRP, is it possible to target the acres
that most strongly protect native waterfowl (or other wildlife) habitat? Researchers working in the Prairie
Pothole region demonstrated that waterfowl productivity can be enhanced and land rental expense low-
ered (69). Scientists integrated GIS with a variety of wetland and wildlife data developed by the federal
Fish and Wildlife Service and National Biological Service as well as some presented in published litera-
ture. While their work is in progress, current results show that even a downsized Conservation Reserve
Program, if retargeted, could reap substantial benefits to five duck species (mallard, northern pintail,
gadwall, blue-winged teal, and northern shoveler) and to the North American Waterfowl Management
Plan.

The approach, moreover, can be applied to other wildlife objectives. The targeting exercise could also
be framed to integrate soil and water quality priorities with wildlife objectives. Savings in land rental
expense may or may not occur in other cases. The targeting exercise could also be framed to integrate
soil and water quality priorities with wildlife objectives.

SOURCE: Office of Technology Assessment, 1995.

duction after their contracts expi{@6). The 10- version to cropland by using voluntary perma-
year contracts with annual rental payments conaent or long-term easements where commercial
vey the notion of temporary set-aside. Only landgroduction and wetland protection are deemed
planted to trees can likely be considered undeincompatible. These instruments can avoid some
protection beyond contract expiration (1). Incosts of multiple retirement episodes for such
some cases, the return to crop production malands, including administration, practice estab-
not induce significant environmental damages ifishment, and farm enterprise transition
production developments have created opportuexpenses.

nities for complementary technologies. Advance- Federal land retirement programs can cost
ments in conservation tillage, for example, likelyless and still significantly contribute to long-term
offer the potential for many CRP acres to returrenvironmental protectiorEffective mechanisms

to production without risk of significant erosion to ensure that rental payments do not exceed
and related damages. However, for enrolledcomparable market values, as used for post-1990
lands on which continuing erosion or wildlife CRP enrollments, are already in place. Contracts
habitat protection is desired, either renewablehat permit limited uses offering some commer-
contracts or easements are required. As notedal returns, such as haying or grazing that do not
above, the WRP largely avoids the risk of recondisturb nesting periods, offer the potential to
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lower rental payments by the amount of the commoney. The CT family of technologies have a

mercial return. Other possible commercialsound track record of increasing profits and

opportunities include industrial crops and sellingreducing erosion and surface water runoff. These
hunting privileges or other recreational servicesapproaches are excellent examples of potential
However, the commercial uses must conform ta@womplementary technologies that should receive
environmental performance guidelines. Again,vigorous education/technical assistance (ETA),

the WRP permits compatible uses such as hun&nd perhaps be eligible for minimal cost-sharing

ing and fishing. Finally, provisions to allow to overcome initial adoption barriers.

states to contribute matching funds for land Before broad ETA initiatives can be launched,

retirement that would have large state and locahowever, programs of applied research and sys-
benefits could extend the influence of limitedtematic evaluation to enhance their complemen-

federal funds. tary potential are probably necessary. For
example, evidence about CT’s effects on water
O Surface Water Quality Illustration quality are extensive, but the results are not as

uniform as the evidence on soil quality. A large

The Corn Belt was chosen as one of the top 1§,y of evidence shows that, in many parts of
surface water quality priority areas. The primaryiq country, CT improves surface water quality

challenge facing the region is to decrease the fefsoc5se it reduces erosion runoff of sediment

tilizer, pesticide, and animal waste pollution 54 agrichemicals to streams (96). However, in
entering streams and rivers. This pollution nolyiher cases, the benefits of reduced surface run-
only contaminates drinking waters downstreanyg \nder some forms of CT have been offset by
as far as the Lower Mississippi but degradeg,qreased groundwater contamination (7). The
wildlife habitat as well. It stems from various incinal message from these differing results is
agricultural practices, including fertilizer and {4t cT's environmental performance is site- and
pesticide application ra_tes, tillage managememﬁarm—specific. It depends upon how the changes
crop selection, and fragile lands management. , {jjage affect the buffering and assimilative
Given the complex relationships between agricapacities of the soil, in combination with shifts
cultural practices and water quality, any solutionjp the amount and type of agrichemicals used and
to the problem will likely involve applying all how they are applied, and the hydrological char-
three of the strategies described above. Potentigkteristics of the field and farm in question.
program responses set out here are only illustra- The profit and environmental performance of
tions of possible applications, however. Area angnhese technologies will vary by specific farm and
site-specific analyses of the agroecosystemsesource conditions, and therefore local exper-
watersheds and farms are necessary to formulafge s required to judge applicabilitFor exam-
appropriate management strategies. For examplgje, if increased infiltration under CT occurs
researchers in Indiana and Wisconsin have demghere extensive drainage tiling systems empty
onstrated the potential of geographical informaeasily into surface waters, negative effects on
tion systems technology to improve targeting ofsyrface water quality will likely ensue. Although
the sources of key water quality problems tothe current forms of these technologies can alle-

guide cost-effective programs (see box 6). viate sources of surface water pollution, their full
potential requires further research and develop-
Complementary Technologies ment explicitly incorporating environmental

The high potential of using soil nutrient testing toduality objectives.

decrease nitrogen fertilizer applications has been

mentioned in box 4. IPM also offers the potentialOther Management Practice Shifts

to reduce pesticide applications, thereby decreagMthough complementary technologies may alle-
ing runoff and leaching problems while savingviate a significant portion of the water pollution
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BOX 6: Targeting System Management Within a Watershed

The importance of managing whole systems emerged as a key lesson in the exercise for identifying
water quality priorities. Although conceptualizing systems remains a challenge, one approach to system
management gaining interest in many parts of this country is “watershed management.” Watershed man-
agement often begins with the objective of protecting water quality in local or even regional drainage
areas, but the interrelationships between water quality and wildlife health are generally acknowledged,
too, as are links between soil erosion and water quality. By integrating an awareness of these and other
aspects of environmental quality, watershed management is indeed an example of system management.

Yet, is it feasible to manage entire watersheds or indeed any “whole” systems? Can these managment
efforts be implemented strategically and cost-effectively?

One way of increasing the feasibility and cost-effectiveness of watershed management is by targeting
program efforts more carefully to sources of key problems. University researchers in Wisconsin and Indi-
ana have demonstrated that Geographical Information Systems (GIS) and other modeling tools can help
environmental managers visualize how water systems behave and, furthermore, enable them to target
crucial links between agricultural land uses and water quality (45,66,103). These experiments have
shown that it is possible to link different land use options (for example, different crop rotations or tillage
practices) to the amount of soil that will enter nearby streams and, moreover, to the implications of that
runoff for water quality (103).

Scientific evidence is quite clear that what happens to small streams that receive drainage from farm
fields can directly affect the quality of a whole watershed. While some of these streams may not even run
during some seasons of the year, and while many small streams and drainage flows may seem insignifi-
cant to larger watershed quality, pollutants from them merge and accumulate in rivers, lakes and wet-
lands. Riparian buffers, 50 to 100 foot widths of grass or other vegetation planted between farm fields and
streams, have been proposed as a kind of land use change that may significantly improve watershed
quality. Research demonstrates that such buffers do indeed trap soil particles and fertilizer residues mak-
ing their way from cropland and grazing land.

The Conservation Reserve Program has made riparian buffers (also called “filter strips”) eligible for
enrollment to promote erosion control (1985) and water quality improvement (1990). Voluntary adoption
has not ensured that riparian buffers are placed in watersheds where they will do the most for water qual-
ity. Experiments in Wisconsin and Indiana suggest that information technologies could almost certainly
help target riparian buffers more strategically for water quality improvement. Whether GIS approaches to
targeting these approaches are the most cost-effective way to manage watersheds or other environmen-
tal systems in all cases is not clear. The cost of data collection, the challenge of making GIS more acces-
sible to users, and the difficulty inherent in attributing the environmental benefits associated with its use
are barriers that have not yet been fully overcome.

SOURCE: Office of Technology Assessment, 1995.

sources from agriculture, some dimensions of theegumes. Increased flexibility in commodity pro-
problem will likely require changes in manage-gram plantings through commodity program
ment practices that are currently not profitablereform may induce more crop diversity, includ-
For example, continuous corn-soybean rotation#g hay and forages that provide erosion control
may not produce enough crop residue to retardnd wildlife benefits (18). Moreover, it lowers
runoff effectively with profitable CT technolo- government commodity cost exposure and gives
gies. Under current commodity programs, parProducers more flexibility in responding to glo-
ticipants risk losing program payments if theybal food markets.

use less corn in their rotations and more grass or
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A second management practice likely requir-Long-Term Land Retirement
ing public incentives or disincentives is the Scientific assessments indicate that riparian
establishment of grassed waterways or otheuffer strips can effectively filter most of the
structures on steeply sloping lands that result igediment, fertilizers, and pesticides carried in
excessive erosion and runoff despite CT pracrunoff from crop fields and livestock sources
tices. Although the grassed waterways arg21,55). These filterstrips must be maintained in
installed voluntarily by some others may needa suitable cover for extended periods to provide
some incentives to cover part of the expense afontinuing water quality protection. If, as often is
construction and seeding. If the cost-sharing ishe case, they involve removing land from crop
restricted to only high-priority watersheds within production for riparian area restoration, owners
the Corn Belt, the cost exposure could be limitedwill not likely voluntarily convert the areas and
The practices also provide erosion productivitywill likely resist regulation to establish them.
savings (thus giving some incentives for sharingvirtually all of the surface water quality priori-
costs by the owners) and wildlife benefits fromties identified by OTA, including the Corn Belt,
permanent grass cover. involve excessive cropland runoff carrying sedi-

Intensive agricultural livestock operations ment and agrichemicals into streams, rivers, res-
often generate large amounts of waste per unrvoirs, and lakes. They are therefore candidates
area, and have the potential to contaminate sufor buffer strips and long-term protection. In
face waters through precipitation runoff andaddition to water quality benefits, most of these
excessive discharge. Although low-cost or everiparian areas provide flood protection by
profitable grazing systems offer some hope ofncreasing upstream storage capacity and
ameliorating these problems in certain areas (seégcreased wildlife habitat for terrestrial and
box 7), the common approach has been to buil@dquatic species.
manure management structures. Capital-inten- Most of the native grasslands of the Corn Belt
sive structures, such as lagoons for holdindnave been converted into cultivated crop produc-
wastes, are often used to shift application pattion or improved pasture. In steep cropland areas,
terns to seasons with less chance of runoff an@r where the concentration of row crop produc-
contamination, but they involve significant capi- tion is particularly intense and could lead to
tal costs. Agricultural conservation programs his€xcessive erosion and chemical water pollution,
torically have shared some of the costs oflamage can be reduced by establishing large
constructing these types of structures, much agontiguous blocks of grasslands. The CRP estab-
public funding was used to match local wastdished these types of grasslands, but not in pat-
water treatment plant construction. In surfacderns to maximize the potential for reducing
water quality priorities around the Great Lakeswater pollution or promoting the most valuable
and the Corn Belt, public incentive programswildlife habitat. Cropland retirement secured by
could help ameliorate surface water quality damlong-term contracts or easements on selected pri-
ages from livestock wastes. Waste effluents fron®rity lands offers multiple environmental bene-
some confined animal feeding operations, generflts-
ally exceeding certain size limits, are already
regulated as point sources under the Clean Watéd Wildlife Illustration

Act and require technology and discharge stanfhe Corn Belt and several areas in the Great
dards. However, a review of the evidence indi-Plains were selected as wildlife priorities largely
cates that enforcement varies widely by statehecause they suffer from progressive destruction
and some states provide cost-sharing incentivesf their grass cover. Whether these areas are hay
to complement the regulations (91). fields in diversified farming operations, perma-
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BOX 7: Management Intensive Grazing as a Complementary Technology

Management Intensive Grazing (MIG) (also known widely as “rotational grazing” or “intensive rota-
tional grazing”) refers to livestock systems that replace dependence upon animal confinement and
mechanically harvested and handled or purchased feed with an emphasis on allowing livestock (usually
cows) to graze on a series of enclosed pastures. The central feature of these systems is careful manage-
ment of the interaction between herds and pasture quality. When the vegetation remaining in one area of
pasture (paddock) can no longer support the herd, it is fenced off and allowed to recover over a 2-4
week period while the animals are rotated to a new paddock. The number and size of paddocks and the
length of the rest period between grazings vary depending on the number of animals and the type of pas-
ture vegetation.

Economic Performance: Case studies, primarily of dairy farms, indicate that management intensive
grazing technologies are profitable. The USDA SARE program reports that $3.75 in benefits can be
returned for each $1 invested by dairy farmers (99). On both large and small dairy operations, profitability
can increase after switching to an intensive grazing system (50,59), due largely to a significant reduction
in operating costs. Profits can average $120-150 per cow (19). Although a thorough analysis of the eco-
nomic performance of management intensive grazing is lacking, available evidence indicates that good
management is the single most important factor is establishing a profitable grazing system.

Environmental Performance: It should be noted at the outset that while substantial research has
been conducted on many aspects of rotational grazing, no comprehensive attempt has been made to
compare the environmental effects of pasture-based and confined feeding livestock operations. Some
considerations of the effects of MIG on soil, water, and wildlife quality may be made, nevertheless.

Conversion of cropland to pasture can reduce localized demand for pesticides and fertilizers. Corre-
sponding risks of soil or water degradation may, by inference, decline correspondingly. Well-managed
pastures may experience little soil compaction since animals are moved regularly, and a successfully
managed rotation ensures continuous, perennial plant cover that can reduce soil erosion. MIG systems
are not without risks to soil quality, however, especially during spring when soils are muddy.

Water quality problems can stem from sediment, manure and pathogens introduced by livestock tram-
pling stream banks and wading in waterways. By providing a water source in each paddock to alleviate
these concerns (50), graziers may need to consider whether stationary water sources encourage soil
compaction and overgrazing around the water source. Manure management, especially during winter, is
also a consideration. Rigorous comparison between MIG and confined systems regarding nitrate leach-
ing to groundwater and other aspects of water quality is lacking.

MIG may be more compatible with protection of wildlife habitat than confined systems, primarily
because pasture offers a more complex habitat for insect, birds and mammals than does a field planted
to one or two crops. The actual mix of vegetation maintained on grazing lands will have a significant
impact on wildlife, however. If the majority of grasses planted as forage are not native to the area, their
value to local wildlife may be reduced and/or they may overrun and outcompete native plants (74). The
amount of land dedicated to grazing would also affect the quality of habitat.

SOURCE: Office of Technology Assessment, 1995.

nent riparian areas along streams, grass strips @rs and streams and destroys aquatic habitat. The
erosive portions of fields, or fencerows or wind-program challenge is to develop private and pub-
breaks, they can provide critical wildlife habitat lic incentives that will restore natural grassland
for food, nesting, and security from predation. Inhabitats, and that will withstand economic pres-
some areas, they will also trap water runoff thasures for conversion back to cropland when crop
carries pesticides, fertilizer, and sediment to rivprices jump abnormally high for short periods.
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Complementary Technologies ground nesting birds (83). Some incentive would
Because more grass or natural habitat is crucidikely be necessary to induce farmers to adopt the
to better wildlife health, complementary technol-practice. If the headland practice is coupled with
ogies for wildlife are difficult to find. Generally, integrated pest management, there may be a
switches from cultivated crop enterprises to hayotential, in some situations, for improving wild-
or natural grasses mean lost profits. Some analyfe habitat value while maintaining or increasing
ses suggest, however, that increased crop diveprofits. In those cases, the practice becomes a
sity, including forages, could lead to steady orcomplementary technology. The Great Plains
increased profits while improving environmen-and Corn Belt may be good trial areas. However,
tal performance (18). Validating these modelingthe overall applicability to U.S. farming systems
estimates on the ground is not feasible under cuper environmental performance in the selected
rent commodity program and technology condi-priority areas has not been widely investigated.
tions. The construction of holding ponds to catch
Another possibility of joint production-envi- sediment and agrichemical runoff is another
ronment advantage is management-intensivpractice traditionally receiving cost-sharing
(rotational) grazing as explained in box 7. Thisincentives. Such holding ponds and other con-
shift in enterprises essentially adds more grass drolled drainage practices improve aquatic habi-
hay cover in the crop rotation. In some areastat by decreasing the amount of pollutants
research shows the change to this practice pr@ntering rivers and streams. They may have some
serves or increases profits while reducing wateuse in areas where complementary technologies
pollution and enhancing wildlife cover (36). are not available and inadequate funds exist for
Extensive research on its applicability in wildlife long-term set-asides. However, the structures

priority areas has not been conducted. require year-round maintenance (58) and
removal of sediment to maintain their intercep-
Other Management Practice Shifts tion of pollution flows. Research has demon-

Two of the top 10 wildlife priorities—riparian strated that controlled drainage utilizes water

buffer strips and the Great Lakes—involve estapmore efficiently, and, in some areas, this
lishing grass buffer strips along rivers, intermit-increases crop yields by 10 percent (22); this pro-
tent streams, and drainage ditchesl with SpeciMid'eS substantial private incentive for implemen-
emphasis on grassed waterways in the uppdation.
reaches of drainages. These buffers also likely
provide improved water quality and water stor-Long-Term Land Retirement
age for potential floods. Although maintaining As explained previously, agricultural practices
some of the buffers may require land rental ohave diminished significant amounts of natural
easement acquisition, some types such as tHbitat over time, and, until the CRP, wildlife
grassed waterways in upper drainages and fielspecies that depend on agricultural habitat were
buffers have been traditional venues for costleclining substantially across the country. Broad
sharing. scientific evidence indicates that long-term cover
Another possibility is to establish conserva-is the key to recovering and maintaining many
tion headlands, a practice that ensures the outeildlife species native to regions that are domi-
edges of fields are not sprayed with pesticides, toated by agriculture (2).
promote greater plant diversity, cover, and food All wildlife priorities identified by OTA
sources. Preliminary research in Europe hasequire the establishment of long-term grass,
shown that establishing these headlands in a 20ee, or wetland cover. Examples include the
foot border around arable crop fields increasegstablishment of native grasses on highly erod-
the abundance of forbs (herbs other than gras#)le Corn Belt croplands, of wetland protection
and insects, leading to improved reproduction ofn the Prairie Potholes, of large contiguous
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blocks of grasslands in the Plains states for gam®nmental performance is not extensively docu-
and nongame species, of bottomland hardwooghented as the box text explains.
plantings along the Lower Mississippi Valley,

and of riparian buffer strips in the Great Lakesgther Management Practice Shifts

region. The creation of long-term natural cover o . . )
9 9 Several opportunities are available for incentive

often leads to erosion control, water quality, or . . .
rograms to improve soil quality. In four of the

other environmental benefits, as noted in th L ) .
overlapping designations on the wildlife priority op 10 priority areas (;' 4, 5,.and 6), OTA identi-
table. fied short-term set-asides with companion tech-
nology development as a potential solution.
. . . Those set-asides would likely be accomplished
[ Soil Quality lllustration with incentives in the form of land rental pay-
Soil quality priorities, as noted earlier, overlapments. Commercial use could be permitted on
with many water quality priority selections and these set-aside lands that satisfies environmental
other subject areas. Accordingly, they are googequirements. Also, treating soil erosion prob-
cases to search for program solutions thafems often requires the construction of costly
emphasize system approaches that integrate myrassed waterways, windbreaks, and other struc-

tiple environmental dimensions. tural measures. Federal and state incentive pro-
_ grams have provided funding to operators to
Complementary Technologies defray part of such costs since the 1930s. These

With the exception of priority 8 (Hawaii), the measures would likely be eligible for cost shar-
first potential solution for the soil quality priori- ing under an incentives package for soil quality
ties involves improved tillage practices, reflect-in the priority areas. An alternative to incentive
ing the fact that there is further potential toapproaches would be to require minimum prac-
expand CT in those areas. Although CT technoltices to retain eligibility for agricultural program
ogy was introduced in the early 1980s, somgayments (compliance mechanisms).

operators may still benefit from learning about

its economic and environmental consequencesong-Term Land Retirement

for their farms. This approach might be espeConsiderable advances in the family of CT tech-
cially appropriate for treating soil erosion prob-nologies over the past decade will likely allow
lems on farms that have not been subject tghany CRP lands to return to profitable produc-
conservation compliance requirements and thergion and meet environmental objectives. How-
fore have not implemented a conservation planeyer, resumed production on some CRP lands
The wider application of CT technologies shouldwil| cause continuing, significant on-site produc-
be screened for increased groundwater qualitijvity losses and off-site damages under cultiva-
risk due to greater water and agrichemical infil-tion. OTA identified areas in the Southern
tration. Further research and development mapjedmont (2), the Palouse and Columbia Plateau
yield new CT technologies that better meet sur¢3), the lowa and Missouri Heavy Till plain (6),
face water and groundwater quality objectives. the Northern/Central Plains (7), and the Southern
Organic farming systems offer another possiand Central High Plains and Tablelands ( 9) as
ble complementary technology approach forpriorities where long-term set-asides were likely
improving soil quality (see box 8). Although necessary for those marginal croplands. Long-
commercial applications of these systems coveterm set-asides of the most vulnerable lands also
small acreages in the U.S., research has docprovide other significant environmental benefits
mented that they can yield economic returnsncluding better water quality, wildlife habitat,
comparable to conventional systems. Their enviand water conservation in the Plains states.
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BOX 8: Organic Farming as a Complementary Technology

Organic farming systems are characterized by technological methods that rely on crop rotations, crop
residues, composted animal manure, legumes, green manure, mineral-bearing rocks, mechanical culti-
vation and biologically-based pest controls. These methods avoid the use of synthetic fertilizer, pesti-
cides or growth regulators. Organic technologies are designed to “maintain soil productivity and tilth, to
supply plant nutrients, and to control insects, weeds, and other pests (93).” In the 1990 Farm Bill, the
intent to develop federal standards for the marketing of organically-grown products was codified in the
Organic Foods Production Act (“OFPA™) of 1990 (87). Although standards have not yet been established,
the OFPA stipulates that certification will only apply to products grown on land managed in accordance
with accepted organic methods for 3 years or more. In the current absence of federal standards,
accepted organic practices are defined and certified by state and/or “third-party” independent associa-
tions.

Economic Performance: Preliminary studies showed that yields per acre were generally equivalent
to or slightly less than yields on conventional farms, and that production costs averaged 12 percent lower
than those associated with conventional methods (92). A recent review of economic research on the sub-
ject indicates that the profitability of organic production methods competes favorably with conventional
methods in many regions of the country (9). Broader adoption of organic technologies might face barri-
ers similar to those described in the case of IPM: inadequate knowledge of alternatives, lack of adequate
technical assistance, and the costs of management. The absence of programmatic incentives for adop-
tion might also be a factor. Finally, attitudes that organic methods are old-fashioned and out-of-date, or
that organic farming is a philosophy rather than a set of technologies may also pose barriers to adoption.

Environmental Performance: Environmental benefits related to organic production are commonly
inferred from the fact that synthetic pesticides and fertilizers are avoided while naturally-derived inputs
are typically used. As has been discussed elsewhere in this report, the environmental effects of agricul-
ture can not be determined simply from the amount of one or a few inputs used. When considering the
environmental performance of organic technologies, consideration should be given not only to what
inputs and practices are avoided, but also to what inputs and practices are implemented. In short, envi-
ronmental effects are mediated through processes that involve what inputs are used, how they are used,
and where and when they are used. Among the issues that may be considered are effects on soil quality,
water quality, and compatibility with wildlife habitat.

While yield comparisons are numerous, adequate comparisons of the environmental effects of organic
and conventional production technologies have not been made. For example, a recent GAO study indi-
cates that improperly stored livestock waste is a significant source of surface water impairment caused
by agriculture (89). Do management methods on organic and conventional farms differ in the tendency to
leach nitrate into groundwater and allow nutrient runoff to enter streams? Comparisons could also be
made between the environmental effects of organic and other pest control methods. A preliminary
attempt to compare integrated pest management, conventional and organic pest control methods on
apples in New York state indicated that organic methods exert the most detrimental environmental effects
because of the frequent use of sulfur (39). This study has met with both interest and criticism (85). The
absence of additional studies makes it difficult to evaluate the results.

SOURCE: Office of Technology Assessment, 1995.
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CONCLUSIONS AND POLICY environmental programs in agricultur€irst,
IMPLICATIONS legislation could direct the use of targeting pro-
Better targeting of strategic federal programced”res to maximize environmental benefits for

approaches to agroenvironmental priorities could®* €xpenditureskor example, opening the re-
yield more benefits and preserve budgepnrollment of the Conservation Reserve Program

resources. Current conservation and environmert® @l Ianbolls based onfen;jnronmerr:_tal mﬁr't and
tal programs for agriculture do not focus on pri-c0St €nables taxpayer funds to achieve the great-

orites as a rule. As a result, they cannofst net benefits. Restricting re-enrollment to

selectively apply program strategies—profitableeX'St'ng contract h(_)lders I|kely locks in what
complementary technologies, public incentives2PP€ars to be a socially unprofitable program for
or disincentives for other management practice@nother 10 years.
or long-term retirement—based on a target prob- Second, the expert panel process of develop-
lem. ing priority areas could be incorporated into
Improved targeting of priorities and applica- Program implementationDrawing on leading
tion of Strategic programs also |mp||es the Oppo.SCientiStS to inform the priority selections is cru-
site approach to implementing uniform programsCial to the success of the process. Further, the pri-
across the country. More precise application ofrity area guidelines developed in this
programs he|ps lower unnecessary costs to agrﬁssessment can be revised periOdica”y as science
culture, reduces program burdens on farmerfdvances and as regional, state and local exper-
and helps sustain the essential elements dfse is consulted.
agroenvironmental health. Focusing programs on Finally, to accelerate the development and
priority targets would likely keep more land in adoption of technologies that will sustain pri-
production to serve consumer and trade interestyately profitable production and achieve envi-
The expert panel approach developed by OTAonmental objectives, agricultural research
proved feasible and effective in identifying programs must be solidly interlinked with
agroenvironmental priority areas in cases wheragroenvironmental programgxisting research
existing databases are incomplete. If theand conservation programs are largely disjoint.
approach is adopted, it could be repeated periodiFo induce effective collaboration, program
cally to ensure that the most current science anidcentives must reward research and technology
data are used to monitor changes in environmerachievementsghat contribute to production and
tal conditions and other factors influencing prior-environmental objectives using whole farm sys-
ities. The national expert panel exercise needs tiem approaches. More involvement of the private
be augmented with regional, state, and locasector will be necessary to attain the full poten-
input to further refine the priority areas within tial of complementary technologies, not only due
the national selections. to limited government budgets, but also because
The findings have direct implications for private involvement will help guide and adapt
developing and implementing conservation andechnology innovations.
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n addition to the surface water quality, wild- commercial services; 2) observed conditions fail
life, and soil quality priorities discussed in one or more of the standards for quality sug-
the main text of this report, scientists pre-gested by the National Research Council (NRC)
pared reports on seven other categories aftudy on rangeland health (56), and; 3) current or
environmental priorities related to agriculture.predicted conditions may lead to negative offsite
The priorities identified for rangelands, waterproblems. Many of the conditions reflected in
conservation, groundwater quality, rural land-identified priorities have resulted from poor
scapes, wetlands and riparian areas, plant divemanagement: harvesting plants inappropriately,
sity and insect diversity are described in thisgrazing the “wrong kind of animal,” poor distri-
appendix. In appendix B, the overlaps among albution of grazing animals across a landscape, and
priority areas identified by the expert panel aranappropriate control of fire (including fire pre-

presented in tabular form.

RANGELANDS

About half the nation's land is classified as grazl.
ing land, with most of that being rangeland.
Many rangelands, two-thirds of which are pri-
vately owned, are not suitable for crop cultiva-
tion, but are very productive for supporting
livestock and a host of unique plants. There are
millions of acres of rangeland on which environ-
mental problems exist, most of these related to
soil erosion and loss of indigenous plant diver-
Sity.

The criteria used to assess the rangeland prior-
ities included: 1) the likelihood that current con-
ditions would have long-term negative effects orn2.
the ability of rangelands to provide ecological or

vention, in some cases).
The 10 highest priorities related to rangelands
include (see figure A-1):

Introduced (i.e, nonindigenous) perennial

noxious weeds—Large areas in the western
U.S. have been invaded by non-indigenous,
herbaceous plants such as leafy spurge,
knotted knapweed and St. Johnswort which
are out competing native plants. These inva-
sions have been compared to spread of “wild
fire.” The result is reduced biodiversity and

reduced forage for wild animals and live-

stock. In Montana, Wyoming, and the Dako-

tas, about 1 million acres have been invaded
by leafy spurge.

Introduced annual noxious weeds—Over-
grazing and inappropriate use of fire have

| 51
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facilitated a conversion from native sage-
brush and grasses to weeds such as cheat-
grass in parts of ldaho, Utah, Nevada, and
Oregon. Cheatgrass is well-adapted to grow-
ing in disturbed settings, so poor range man4.
agement aids its establishment; but
cheatgrass provides poor forage for wildlife
and livestock compared to a mixed grass,
shrub and forb community.

3.and 4. Shrub-dominated threshold ecosys-

tem—Poor grazing management in parts of
Utah and Wyoming has enhanced the domi-
nance of sagebrush. Cattle avoid sagebrush
and have reduced native grasses by over-

trap sediment before it enters waterways.
Grazing management that permits destruc-
tion of riparian areas reduces their water
guality and habitat properties.

Highly erodible lands in CRP—Lands from

the Texas panhandle to eastern Montana
have historically experienced several periods
of severe erosion, brought about by exten-
sive plowing of soils that are inherently frag-

ile. Restoration of these highly erodible

lands to permanent grass cover, most
recently through the Conservation Reserve
Program, can be compatible with grazing

uses.

grazing_. The con_vgrsion to sagebrush domi-  an eleventh category where poultry and other
hance Is very difficult to reverse, and angnjmal wastes are routinely spread on pasture
imbalance between sagebrush and grassggnds was defined for parts of Arkansas, Ala-
reduces the function of these grasslands fopama, Georgia, and the DelMarVa peninsula.

livestock and wild animals.
Low-growing, tree-dominated
ecosystem with high erosion—Extensive

threshold \ ATER CONSERVATION

areas of west Texas have become dominate@/ater conservation priorities relate to the protec-
by mesquite, a long-lived and resilient tree.tion of quantities of water, primarily in streams,
Rangelands dominated by mesquite providdivers, and aquifers. Water conservation in agri-
less forage and are more prone to erosioﬁUItural areas can also be related to management

because plants affording ground cover carPf water held in soil.

not compete with mesquite.

Low-growing, fire-tolerant, tree-dominated Which emergent

Priorities selected reflect geographic areas in

competition is occurring

threshold ecosystems—Juniper and pinyorbetween agricultural and environmental (and
pine have become dominant on many acrepérhaps also municipal or commercial) uses. In
of rangeland in parts of Colorado, New all priorities, water quantities are insufficient to

Mexico, and Arizona, thereby reducing theirmeet existing or future water needs.

Accord-

function as grazing land for livestock andingly, priorities reflect cases where greater com-
wild animals. These low-growing trees, plementarity in usage may be possible, or where

which can reach several hundred years ofin

existing constituency may have already

age, were historically constrained to rockyformed to deal with issues related to competition
outcrops by periodic natural fires on grass-for water. All except one of the priorities pertain
land. Grazing has diminished grasses to th&o western water (see figure A-2):

point that they can not carry fire, and this hasl.
permitted juniper and pinyon pine to spread,
relatively unchecked.

Riparian ecosystems—Riparian
ecosystems are landscapes adjacent to
streams that gain their distinctive character-
istics from periodic flooding and the proxim-
ity of groundwater. Well-managed riparian
areas provide flood control and habitat, and

California Delta—Issues of concern include
water quality (salinity and pesticides),
endangered species, and conflicting state
and federal political jurisdictions. Increased
water flow is considered essential to main-
tain the Delta aquatic ecosystem, including
the endangered Delta smelt. This will almost
certainly entail reducing water supplies to
agriculture.



54 Targeting Environmental Priorities in Agriculture

‘Ge6  'IWBWSSasSY ABOIOUYDBL JO 20Y(r 3DHNOS

13AlY ayeug

sie|n]-uinbeor ueg

aue|d yinog pue sbuey luoid OpesdIo)
HO ‘As|lEA 8LsWEBRIM
gluI0yEs "0g ‘Asjlep |eliadw
(yedouo-1pjoquwnyH) BPEBASN
eplLod 1530

ejejeBQ

suiejd ybiy sexay

B}3Q enIole] -

'O

'
et OO

>
w



Appendix A: Additional Priority Areas Identified by OTA | 55

Texas High Plains—Falling water tables and  change underground flow in unanticipated
nitrate pollution affect this southern reach of  ways.

the Ogallala aquifer; the Ogallala is a pri-10. Snake River, ID—Competing demands,
mary water source to this geographic area of competing jurisdictions over water use and
west-central Texas. pockets of salinity are emergent issues. This
Ogallala—Falling water tables and nitrate case provides an opportunity to do long-
pollution affect this western Nebraska region  range planning to avert future crises.

that also depends on the Ogallala aquifer.

Areas 2 and 3 are related and show that EROUNDWATER PRIORITIES

_smgle water conservation concern CanAIthough science and data to identify and fully
involve more than one state.

) ; characterize groundwater quality conditions
West FIo.rlda—Competlng' _ demands related to agriculture are incomplete, existing
between agrlcultl_Jre gnd_ municipal uses Qfdata analyzed by the U.S. Geological Survey
vyater also have_lmpllcatlons for the Condl'(USGS) show that certain regions are relatively
tion of south Florida wetlands. _ more vulnerable to contamination from nutrient
Nevada (Humboldt-Tonopah)—This areaiegiques from fertilizer and livestock manure and
contains the Stillwater Wildlife Refuge fom pesticides. Regions of greatest vulnerability
which is vulnerable to changes in waterinciyde parts of the Northeast, Midwest, and
quantity or quality caused by agriculture. west Coast. The well-drained soils typical of
Residential development of the Sierras Creéynese regions have little capacity to hold water or
ates conflicting demands between municipalhemicals, and these soils also receive some of
and agricultural uses of water and engenderge highest applications of agrichemicals in the
jurisdictional competition between agencies. nation. This combination of characteristics sets
Imperial Valley, Southern CA—Heavy com- the stage for potential leaching to groundwater.
peting demands between irrigation districts ¢ criteria were used in assessing the com-
in Coachilla and Imperial Valleys and the parative severity of groundwater concerns across
metropolitan water district in Los Angeles the country: 1) vulnerability to leaching, based
have implications for water conservation by o soil/water system properties and drainage pat-
agriculture, for salinity concerns in surfacetems; 2) rate and amount of chemical use; 3)
water, and for endangered fish species. importance of regional water resource for drink-
Willamette Valley, OR—Competing demandsing water; and 4) evidence of groundwater pollu-
between agricultural and other uses, andion from agriculture. In some cases, priorities
competing agency jurisdictions over waterwere selected because contamination has already
use are at issue. occurred, while in others, the likelihood of con-
Front Range and South Platte, CO—Com+amination together with potential human health
peting demands for water, nitrate leaching teexposure formed the rationale for selection. For
groundwater, and pockets of salinity areexample, a case where the risk of leaching to an
concerns. aquifer is determined to be high, and millions of
San  Joaquin—-Tulare, = CA—Competingpeople utilize that aquifer for drinking water may
demands and jurisdictions over water use arbe identified as a priority. This precautionary
compounded by groundwater and surfaceapproach was taken because aquifers are difficult
water concerns; these include salinity fromor impossible to clean up once they are contami-
irrigation return flows and nitrate leaching nated with agricultural chemicals, and waiting
from an increasing number of dairies. Fur-for slow natural replacement of water in aquifers
thermore, water conservation measures maynay be an unrealistic option.
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Nine priorities were identified: style or psychic rewards in the present, and pres-
Central Valley, CA—Documented pesticide ervation of environmental resources needed for
and nitrate pollution pose high drinking the future. While no landscape is “better” than
water risks. another, some are more complex (that is,
Willamette Valley, OR—High vulnerability diverse), and complexity may be perceived as
for agrichemical pollution poses a mediummore valuable. The inherent value of a diverse
drinking water risk. mix of landscapes across the nation was an
Palouse/Columbia irrigation plateau, WA— implicit criterion in the selection of priorities.
Documented pesticide and nitrate pollution, Some additional characteristics considered in
with greater concentrations in areas ofevaluating landscape priorities related to agricul-
coarse, alluvial sand, pose a medium drinkture pertained to the relative vulnerability of
ing water risk. landscapes, on a national basis and within spe-
Snake River, ID—Supplemental irrigation cific regions, to function and remain aesthetically
flushes pesticides and nitrate into aquiferspleasing while rapid changes occur in the tech-
and this poses a medium risk to drinkinghologies and structure of agriculture. Certain
water uses. landscapes may be prone to rapid loss of unique
Northern High Plains—Substantial evi- character and complexity due to agricultural
dence of nutrient and pesticide pollutionchange, and such losses may impose significant

exists in areas of glacial deposits overlayingSocial or economic costs.

fractured sedimentary rock. This poses While the risk of losing “heritage” value is not

medium to high drinking water risk. a common measure of environmental quality and
6. Corn Belt—Elevated concentrations of may not alone provide a rationale for special pro-

nutrients and pesticides are detectable unddection, the coincidence of heritage characteris-

sandy soils which are vulnerable to leachinglics with environmental sensitivity may help

Tile drainage may reduce groundwater pol-identify priority targets.

lution in some areas by diverting drainage to Priorities identified include:

surface water. Drinking water risks associ-1,
ated with these conditions are medium to
high.

7. Long Island/New Jersey Coastal Plain—2.
Groundwater contamination from potato and
other intensive vegetable production poses g
high drinking water risk.

8. Mid-Atlantic Coastal Plain—High nitrogen
fertilizer and pesticide use takes place ing
areas with vulnerable soil/water properties,
and there is the potential for large population
exposure. 5

9. Hawaii—Soil and water properties are espe-
cially susceptible to contamination from

leaching of pesticides and fertilizers. 6

RURAL LANDSCAPES

Some agricultural landscapes have great histori-
cal, aesthetic and ecological—‘heritage”—
value. They can provide links to the past, life-

Lancaster County, PA—Pennsylvania Ger-
man old-world agriculture has high aesthetic
and tourism value.

Blue Grass Region, KY—Settlements are
known for tobacco and horse cultures.
Shenandoah Valley, VA—This premier
colonial frontier zone also holds mixed agri-
cultural uses.

Lower Mississippi River, (Louisiana, Mis-
sissippi, Arkansas)—OIld South plantation
and cotton cultures are reflected here.
Taos-Santa Fe, NM—Traditional Native
American and Spanish rural cultures are
found here.

Upper Mississippi Driftless Region, (Wis-
consin, lllinois, lowa, Minnesota)—Scenic,
traditional dairy farms and vestiges of early
trading, mining, trapping, missionary and
lumbering activities shape the character of
this landscape.
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7. Connecticut Valley, (Connecticut, Massa-damaged by periodic cropping or controlled
chusetts)—The fertile New England farm grazing.
zone captures early settlement character. It is possible both to identify categorical con-

8. Central Valley, CA—Rural landscapes herecerns related to wetlands and agriculture (eg.,
display the most highly developed form of destruction of buffers), and to identify specific
western agricultural specialty farming geographical areas where conflicts between wet-
reflecting the corporate, irrigation model of lands and agriculture have been or are particu-
organization. larly severe (e.g., the Everglades). To the extent

9. Southern Palouse District, (Washington,that targeting may benefit from identifying spe-
Oregon, Idaho)—Large-scale agriculture inCific areas, the necessity of understanding wet-
distinctive small grain landscapes with west-land function, values, uniqueness, and interaction

ern features characterizes this landscape. With farming activities across the country
Willamette Valley, OR—Distinctive rural increases. The importance of combining national

landscapes showing conjunction of forestand local targeting to identify the most suitable
and field economies are also marked by 6\Netland priorities related to agriculture is thus

10.

New England imprint.

WETLANDS AND RIPARIAN AREAS

emphasized.

Wetlands priorities selected illustrate both
geographic areas and categorical
Almost all priorities overlap with those for other

concerns.

The functions of wetland and riparian areas genenvironmental categories. The rationales for their
erally depend on configuration, soils, vegetationselection are briefly stated below:

hydrology, and landscape context. These critica{
parameters determine the physical, biological,

and economic functions and values that may be
affected by agriculture.

Conflicts between wetlands and agriculture
occur nationwide, but primarily where wetlands
are preeminent in the landscape and agriculture
is a dominant land use. Historically, agriculture2.
has been the cause of most wetlands conversion
(or destruction). During the last decade, the CRP
and the WRP have restored sizable amounts of
wetlands in agricultural regions. 3.

The primary function of a given wetland helps
define its vulnerability to agricultural activities.
For example, wetlands with a primary flood con-
trol function may not be as vulnerable to dam-4.
ages from cropping or other agricultural
activities as are wetland and riparian areas that
provide unique habitat.

The kind of agricultural activity under consid-
eration also determines the potential effects on
wetlands and riparian areas. For instance, ab.
wetlands can be seriously damaged by drainage,
channelization, and uncontrolled grazing on
riparian (streambank) areas. But not all will be

Florida Everglades—Water diversions from
groundwater and surface water deplete water
flows that are critical for maintaining the
unique character of the Everglades ecosys-
tem. Nutrient residues in agricultural runoff
reach the Everglades and promote “eutrophi-
cation,” a process that degrades the wetland.
North Carolina Agriculture Forestry Conver-
sions—Cutting, drainage, and construction
of access roads fragment and diminish wet-
lands and riparian ecosystems.

Lower Mississippi Valley—Cutting and
drainage for soybean production degrades
wetland/riparian systems. Diking alters
water flow in the drainage basin.

Upper Mississippi—Lower Mississippi—
Diking, channelization, drainage, and cut-
ting alter water flow patterns and water qual-
ity; this affects the ability of riparian areas
and wetlands to regulate water flow and pro-
vide a variety of habitats.

Prairie Potholes—Drainage and cutting for
agricultural uses diminish wetlands in the
area, which is a primary breeding ground for
North American waterfowl.
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for irrigation reduce the water table and this
decreases the water available to wetland
areas.

Degradation of wetlands from agricultural
drainage—Drainage from cropland can carry
a variety of pollutants that may accumulate
in wetlands. Irrigation drainage flows can
carry high concentrations of salts and metals
that degrade wetland habitats. One of the
most notable cases of this problem occurred
at Kesterson National Wildlife Refuge in
California.

6. Sand Hills, NE—Groundwater withdrawals 10. Riparian zone destruction by channelization,

dikes, and dams—As already described,
“improvement” of streams to facilitate irri-
gation or drainage on agricultural lands gen-
erally results in the straightening of
waterways (which reduces the miles of water
habitat), removal of trees and grasses from
streambanks (which degrades riparian habi-
tat) and alters instream water flows (which
can affect both water quality and quantity).
Southern California provides relevant exam-
ples.

Water competition from agriculture—Diver- PLANT DIVERSITY AND INSECT
sion of water to agricultural uses can reducdIVERSITY

instream flows required to maintain streamyg further dimensions were dealt with by the
habitats, riparian habitats and wetland habi'expert panel but for which specific geographical
tats. An example is the case of the Truckegargets proved extremely difficult to identify
River in Nebraska. because of immature science. The dilemma
Riparian zone and wetlands destruction byhetween protecting what is left intact and restor-
grazing—If grazing animals, usually cattle, ing what is gone, and the lack of knowledge
are permitted to trample and graze onabout the base inventory of plants and insects
streambanks, severe soil erosion can occudominated both discussions. However, the pro-
and streambank vegetation may be deplete¢tess of trying to identify these priority targets
This directly degrades or destroys riparianserved to deepen and embellish the overarching
ecosystems and degrades stream ancbncept of agroecosystems as dynamic and com-
wetland habitats as well. An example is theprised of many elements of environmental qual-
case of the Platte River. ity contributing to biological health.



Overlaps with Surface Water
Priorities

Appendix B:
Overlapping
Priority Areas
Identified by the
Expert Panel

Overlaps with Wildlife Priorities

Overlaps with Soil Priorities

Wildlife Priorities

Areal Corn Belt

Area 3 Prairie Potholes
Area 10 Great Lakes basin

Soil Priorities

Areal N. Mississippi Valley
Area 2 S.Piedmont

Area 4 Deep Loess

Area 6 Heavy Till Plains
Area 10 Thin Loess

Rangelands Priorities
Area 11 Animal waste areas

Surface Water Priorities

Areal Corn Belt/Mississipi
basin

Area5 Lake Erie basin

Area 6 Lake Michigan basin

Soil Priorities

Areal N. Mississippi Valley
Area 4 Deep Loess

Area 5 S. Mississippi Valley
Area 6 Heavy Till Plains
Area 7 N. Glaciated Plains
Area 9 High Plains

Area 10 Thin Loess

Rangelands Priorities

Area 6 Ecosystem conversion

Surface Water Priorities

Area 1
Area 2
Area 5
Area 8

Corn Belt/Mississippi basin
Chesapeake Bay basin
Lake Erie basin
Albemarle/Pamlico basin

Wildlife Priorities

Area 1
Area 3
Area 5
Area 7
Area 8

Corn Belt

Prairie Potholes

S. Plains

Lower Mississippi Valley
Platte River Headwaters

Rangelands Priorities
Area 7-9 Grazed riparian zones
Area 10 Highly erodible land in CRP Area 10 Highly erodible land in CRP
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Overlaps with Surface Water
Priorities

Overlaps with Wildlife Priorities

Overlaps with Soil Priorities

Water Conservation Priorities
Areal CA Delta
Area9 CA San Joaquin-Tulare

Groundwater Priorities

Areal CA Central Valley

Area 6 Corn Belt

Area 7 LI/NJ Coastal Plain

Area 8 Mid-Atlantic Coastal Plain

Wetlands Priorities

Areal Florida Everglades
Area 3 Lower Mississippi

Valley
Area 4  Upper/Lower Mississippi
Area 7 Irrigation drainage

areas

Rural Landscapes Priorities

Areal Lancaster County, PA
Area 3 Shenandoah Valley, VA
Area 4  Lower Mississippi River
Area 6 Driftless Region

Area 8 Central Valley, CA

Water Conservation Priorities

Area 2 TX High Plains

Area 3 NE Ogallala

Area 8 CO Front Range,
Platte R.

Groundwater Priorities
Area 6 Corn Belt

Wetlands Priorities

Area 3 Lower Mississippi Valley
Area 4  Upper/Lower Mississippi
Area 5 Prairie Potholes

Area 9 Platte River riparian zone

Rural Landscapes Priorities
Area 4 Lower Mississippi River
Area 6 Driftless Region

Water Conservation Priorities

Area 2 TX High Plains

Area 3 NE Ogallala

Area 8 CO Front Range, Platte R.

Groundwater Priorities

Area 3 Palouse/Columbia plateau
Area 5 Northern High Plains
Area 9 Hawaii

Wetlands Priorities

Area 3 Lower Mississippi Valley
Area 5 Prairie Potholes

Area 9 Platte River riparian zone

Rural Landscapes Priorities
Area 4 Lower Mississippi River
Area 6 Driftless Region
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