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he way pests are managed in thaited characteristics that differentiate them from most

States is changing. A growing emphasisconventional pesticide’:

is on reducing the reliance on conven-

tional pesticides. Strong public opinion )
coupled with legislative and executive actions by
state and federal governments is driving this
change. Farmers, foresters, ranchers, homeown-
ers, and others who seek to prevent excessive
pest damage are increasingly aware of the short-
comings of many conventional approaches to
pest control. Yet their need for effective meds These BBTSs for pest management are biologi-
is acute. Meeting this need with a diversity ofcal control, microbial pesticides, pest behavior-
pest control tools and techniques poses a signifiodifying chemicals, genetic manipulation of
cant challenge. It is ithis context that Congress pest populations, and plant immunization (box
has asked the Office of Technology Assessmerg-1). The tools raise a unified set of technical and
(OTA) to examine the current and potentialpolicy issues. BBTs comprise a significant part
future role of biologically based technologiesof the “reduced-risk pesticidg’ “biopesticides,”
(BBTs) in the nation’s pest management pracand “biorational pesticides” that are receiving a
tices. good deal of attention in federal and state policy

The OTA assessment covers a group of techinitiatives3

nologies that are grounded in an understanding OTA’s assessment takes a critical look at
of pest biology and generally have the followingthese BBTs. This chapter describes past, current,

narrow spectrum of action, that is, affecting
only one or a narrowly defined class of organ-
isms;

relatively low probability of harmful environ-
mental impacts; and

general lack of significant adverse impacts on
human healti.

1 Conventional pesticides are chemicainpmwnds in wide use that kill pests quickly (267).

2The technoloigs are not, bwever, risk free. See chapter 4 for a detailedyars of the major risk issues.

3 “Reducedrisk,” “biopesticide,” and “biorational pesticide” have aiém used with differing meanings, daging on the source, to
encompss various combinations of microbial pesticides, botanical pesticligsjcals that modifyest behavior or growth, augmentative
releases of natural enemies, and conventicestigiddes having new chemistries. This report does not use these ¢eanséothis ambigu-
ity.
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CHAPTER 2 FINDINGS

= The need for new pest control methods and systems will grow in the future. The number of available
conventional pesticides is declining, especially for minor uses, because of regulatory constraints, eco-
nomic forces, and continuing public concern. At the same time, the number of pests requiring new
control methods is increasing as more pests become resistant to pesticides and new pest threats
emerge.

= Congress and the executive branch have sought to address the need for pest control in the future by
pressing to diversify available pest control technologies and to expand the use of integrated pest man-
agement. Biologically based technologies underpin many of these efforts. An assessment of these
technologies provides a “bottom-up” view of whether and how effectively the national infrastructure for
research, development, and implementation can deliver on this agenda.

and potential future trends in U.S. pest managedncontrolled would exceed $19.6 billion—
ment. Chapter 3 examines the effectiveness adlmost five times the costs under current control
BBTs and their future potential. The remainderregimes (32). The environmental impact of pests
of the report identifies the many activities of thecan be equally profound: European gypsy moth
federal government that affect the availability (Lymantria dispay now infests some 255 million
and use of BBTs (table 2-1). The potential risksacres in the United States; if the pest was left
of BBTs and how these are addressed througbntreated, its annual defoliation of trees could
federal regulation are covered in chapter 4fundamentally change the composition of hard-
Chapter 5 focuses on the pukdiector roles in  wood forests (385).

the research, development, and implementation ajthough what constitutes a “pest’ is highly
of BBTs. And chapter 6 looks at BBTs from the gypjective, needs for pest control identified by
vantage of private-sector companies involved iny.S. consumers, agribusiness, andustry now

the production of pest control products. support a multibillion-dollar infrastructure of
pesticide production, pest control companies,

AN INTRODUCTION TO PEST and consultants on pest control methods. U.S.

MANAGEMENT expenditures for pesticides exceeded $8lbn

Throughout history, humans have sought to elim" 1993, approximately one-third of the world

inate or reduce the abundanceligfng organ- market (table 2-2) (399)

. B . Pest control is quite literally a science of the
isms that cause problems. The “pests” include - .

. i . Specific. In agriculture, each pest and crop com-
animals, plants, insects, and micrdbethat

. - bination represents a different problem that can
reduce agricultural productivity, damage fores'[Sfurther vary with the specific location and time

and gardens, infest human dwellings, spread diss; year. There are literallthousands of (crop x
ease, foul waterways, and have numerous Otheﬁfest x site) combinations, each differing in its
deleterious effects. Left unimpeded, their ecopgtential impact and in the way that it is most
nomic impacts in the United States wouldsyccessfully and appropriately controlled. Pests
amount to billions of dollars annually. The Weedin other environments, such as parks, suburban
Science Society of America has estimated thatandscapes, and urban dwellings, pose a similarly
annual U.S. losses to agriculture if weeds wereomplex array of management needs.

4 Microbes include viruses, bacteria, and othigranismghat are too small to be seen by thenian eye. Many microbes thate pests
cause animal or plant diseases.



Chapter 2 The Context | 11

BOX 2-1: Scope of the OTA Assessment

Pest Control Technologies Within the Scope of the OTA Assessment

» Biological Control: the use of living organisms to control pests (includes predators, parasites, com-
petitors, pathogens,1 and genetic engineering applied to this approach)

s Microbial Pesticides: formulations of live or killed bacteria, viruses, fungi, and other microbes that
are repeatedly applied to suppress pest populations (includes Bt formulated from Bacillus thurin-
giensis, nuclear polyhedrosis viruses (NPVs), and genetic engineering applied to this approach)

» Pest Behavior-Modifying Chemicals: the use of chemicals to trap pests or to suppress pest mating
(includes pheromones)

»  Genetic Manipulations of Pest Populations: genetic modification of pests to suppress their repro-
duction or impacts (includes releases of sterile insects)

s Plant Immunization: non-genetic changes to crop or landscape plants that deter insect pests or
reduce susceptibility to diseases (includes induced immunity and endophytes)

Pest Control Technologies Outside the Scope of the OTA Assessment

» Chemical Pesticides: chemicals that kill pests (inorganic substances like arsenic-containing salts;
synthetic organic compounds like organophosphates, carbamates, and triazines; insect growth
regulators that mimic insect hormones; and synthesized and naturally occurring botanical pesti-
cides)

s Physical, Mechanical, and Cultural Controls: nonchemical pest control by methods such as crop
rotation, tillage, mechanical removal of pests (e.g., by hand or vacuums), and heat treatment

» Plant Breeding and Enhanced Resistance to Pests: development of plant cultivars that are less sus-
ceptible to pest damage either through plant breeding or genetic engineering

1 Pathogens can be used as biological control agents if they are released and then spread on their own. They can also be
formulated into microbial pesticides that are applied repeatedly.

NOTE: Box 2-5 at the end of this chapter describes in detail certain subcategories of the technologies outside the scope of this
assessment that are receiving increased attention for the same reasons as BBTSs.

SOURCE: Office of Technology Assessment, 1995.

(0 The Role of Conventional Pesticides (433). A number of inorganic salts (e.g., copper

Conventional pesticides greatly simplify control Sulfate, lime sulfur, and lead arsenate) and botan-
of these diverse problems. Most conventionaiC@lly derived compoundse(g., pyrethroids and
pesticides are broad spectrum—providing confotenone) had come into use in the late 1BQOS and
trol for numerous pests simultaneously. They ar@arly 1900s. But chemical pest control did not
relatively easy to use, because most chemicafguly burgeon until er World War Il, with the
are applied with similar methods and allow a fairincreasing availability and use of DDT and other
margin of error in application technique. Perhap$hlorinated hydrocarbon, organophosphate, and
most important, conventional pesticides arecarbamate pesticides. From the 1950s to the
effective at killing pests and are relatively inex-1980s, use of conventional pesticides in the
pensive. United States grew dramatically, doubling
Widespread use of conventional pesticidespetween 1964 and 1978 (figure 2-1) (399). The
however, is a recent development. Prior to théncreased use paralleled a growing mechaniza-
1940s, U.S. farmers relied primarily on non-tion of farming practices and a drop in the num-
chemical methods such as crop rotation, tillageber of people engaged in farming. An example of
and hand removal to minimize pest impactshow great the change has been can be seen in the
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TABLE 2-1: Roles of Federal Agencies Related to Biologically Based Pest Control

and Location of Discussion in This Report

Implements
Regulates technology in Transfers
production or Conducts Funds outside pest control Educates end technology to the
Agency use of BBTs research research programs users private sector

(Chapter 4) (Chapter 5) (Chapter 5) (Chapter 5) (Chapter 5) (Chapter 6)

USDA Agricultural X X
Research Service (ARS)
USDA Cooperative State X X X

Research, Education, and
Extension Service
(CSREES)2

USDA Forest Service X X

USDA Animal and Plant X xP X X¢ X¢
Health Inspection Service
(APHIS)

U.S. Environmental X X X X
Protection Agency (EPA)

Food and Drug X
Administration (FDA)

Management agencies of X x¢ X
the U.S. Department of the
Interior (Dol)d

2 CSREES is a newly formed agency that incorporates prior functions of the Extension Service and the Cooperative State Research Service

b APHIS conducts “methods development” research, which translates the findings from more fundamental research into on-the-ground applica-
tions.

¢ The National Biological Control Institute produces a variety of public education materials and has provided about $1.5 million in grants for edu-
cation and implementation of biological control over the past four years.

d The National Park Service, the Bureau of Land Management, the Bureau of Reclamation, and the U.S. Fish and Wildlife Service.

€ Mostly via “pass-through” funds to the ARS for research on biological control of rangeland and other weeds.

SOURCE: U.S. Congress, Office of Technology Assessment, 1995.

TABLE 2-2: User Expenditures for Pesticides in the U.S. by Sector, 1993

Sector Total in millions $ Percentage
Agriculture 6,130 72.2
Individuals/Communities/Government 1,136 13.4
Home and Garden 1,218 14.4
Total $8,484 100.0%

SOURCE: U.S. Environmental Protection Agency, Pesticide Industry Sales and Usage: 1992 and 1993 Market Estimates, A.L. Aspelin, 733-K-94-
001 (Washington, DC: June 1994).
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FIGURE 2-1: Growth in U.S. Conventional Pesticide Use, 1964 to 1993

Million pounds of active ingredient

- —

1965 67 69 71 73 75

79 81 83 8 8 8 91 93

SOURCE: U.S. Environmental Protection AgencyPesticide Industry Sales and Usage: 1992 and 1993 Market Estimatea,L. Aspelin, 733-K-94-

001 (Washington, DC: June 1994).

NOTE: Usage level is reported in millions of pounds of “active ingredient.” The active ingredient is the component of a commercial product that
has pesticidal properties. Newer pesticides tend to have active ingredients that are more potent and can be applied at a lower dosage level.
Consequently, the leveling-off in the 1980s in the figure does not necessarily translate into a stabilization of pesticide use according to numbers
of acres treated, numbers of products applied, frequency of pesticide application, or other relevant measures.

figures for cultivation of corn, cotton, and wheat:
herbicides were applied to only 10 percent of
acreage in 1952, but climbed to 90 to 95 percent
of acreage by 1980 (378).

Conventional pesticides now pervade all
aspects of pest management in the United States.
More than 900,000 U.S. farms use pesticides
(399). In 1993, pesticides were applied to more
than 80 percent of the acreage planted in corn,
cotton, soybeans, and potatoes (377). Between
35,000 and 40,000 commercial pest control com-
panies and 351,600 certified commercia applica-
tors apply pesticides to building, home, and
landscape pests (399). Each year such commer-
cial operations treat an estimated 20 percent of
the 6.1 million U.S. households for indoor pests
such as cockroaches (424). Most of these homes
(85 percent) aso contain pesticidal products, the
majority of which (70 percent) had been used
within the past year, according to the 1990

National Home and Garden Pesticide Use Survey
commissioned by the Environmental Protection
Agency (EPA) (424).°

OThe Spectrum of Approaches to
Pest Control in Practice Today

Today, the extent to which people seeking to
control pestsrely on conventional pesticides var-
ies (figure 2-2). Some depend on a number of
other pest control tools as well, including cultural
practices, use of pest-resistant crop cultivars, and
the BBTsthat are the subject of this assessment.

At one end of the spectrum are those who use
only conventional pesticides, often applying
them as a prophylactic measure according to
some regular, predetermined spray schedule. At
the other end are those who control pests by a
combination of numerous non-chemica tools,
and use conventional pesticides either as the last
method of choice or not at all.

5 A total of 2,078 households in 29 states were surveyed, with results statistically extrapolated to a target population of 84,573 house-

holds.
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FIGURE 2-2: Approaches to Pest Control in Practice Today

Level of pesticide use

incorporate cultural controls

Select pesticide to minimize
impacts on natural enemies

Eliminate
conventional
pesticides
("organic farming")

ol method of
last resort

incorporate other biologically-

Level of knowledge of pest ecology and biology required

! Use of conventional pesticides

Methods referred to as Integrated pest management (1PM) In various contexts

SOURCE: Office of Technology Assessment, 1995,

The gradation from one end of the spectrum to
the other entails increased targeting of pesticide
application and incorporation of a greater num-
ber of pest control tools and techniques. Diversi-
fication of pest control approaches beyond the
regularly scheduled use of conventional pesti-
cides requires planning as well as a greater
understanding of pest biology and ecology and
the specific effects of each control technology.
This thoughtful incorporation of various control
methods into an overall pest suppression plan has
generally been referred to as integrated pest man-
agement (IPM)°(box 2-2). Note that a diverse

range of approaches have all been referred to as
1PM by various sources (figure 2-2).

Most users currently fall toward the left and
center of figure 2-2. For example, according to a
1993 survey of pest control professionals com-
missioned by Sandoz Agro and conducted by the
Gallup Organization? only 32 percent reported
having ever used 1PM, with rates being highest
among pest control operators (85 percent) and
lowest among farmers (19 percent) (302)."A
more precise survey by the Economic Research
Service of the U.S. Department of Agriculture
(USDA) showed that acreage under 1PM varied

6 The term IPM has been used with a good deal more precision in the scientific and technical literature on pest management, although var-
ious authors use it to mean different things, For a thoughtful analysis of how 1PM concepts and definitions have evolved since the 1950s, see

ref. 44,

7 Survey was of 2,361 professional lawn care operators, golf course managers, pest control operators, mosquito district managers, road-

side vegetation managers, small-animal veterinarians, and farmers, Note that the meaning of 1PM was not specified in the survey. Results
thusindicate respondents’ perceptions of whether they have ever used IPM, Some using varied techniques or monitoring pest levels may not

refer to their management practices as 1PM.
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BOX 2-2: What Is Integrated Pest Management?

The concept of integrated pest management (IPM) originated in the late 1950s and 1960s, when ento-
mologists at the University of California began to detect failures of pest control as a result of overuse of
insecticides. Some pests became difficult to control because they developed resistance to formerly
effective chemicals. And populations of certain other insects that had previously not been considered
pests surged to outbreak levels. These “secondary pest outbreaks” were attributed to the harmful effects
of pesticides on natural enemies—the insect predators and parasites that occurred naturally in fields and
otherwise kept secondary pests in check through biological control.

IPM developed as a way to avoid the problems of insecticide resistance and secondary pest out-
breaks by integrating biological and chemical control. Its cornerstones were:
= “Natural” control should be maximized, enhanced, and relied on whenever possible. Natural control
results from factors both within (i.e., biological control) and outside (i.e., weather) human influence;
» Pesticides should be used only when the abundance of a pest reaches a threshold level that
causes economically significant damage. Such restraint minimizes the harmful effects of pesticides
on natural enemies.

Since the 1960s, ideas about IPM have expanded and changed. Additional pest management tools
have come into wider use, and IPM concepts have been applied to other types of pests with a resulting
proliferation of related terms like “integrated weed management” and “integrated disease management.”

Practitioners now often use IPM to refer more generally to an approach that integrates all available
tools for pest control—biological, chemical, cultural, and others. The idea that chemicals should be
applied only when a pest is detected at an (economically or aesthetically) significant level of abundance
has been retained. What is lost in many current applications, however, is the concept that biological con-
trol should form one of the foundations of IPM. One consequence, according to some critics, is that IPM
as practiced today too often becomes integrated pesticide management instead.

Right now the difference between these interpretations of IPM may make very little difference in prac-
tice. Many users would be hard pressed to base a pest control system on natural control because they
have access to little of the necessary information and relatively few alternatives to conventional pesti-
cides.

The distinction does, however, make a great deal of difference in another regard. The two interpreta-
tions lead to very different conclusions regarding the types of research that must underpin IPM. A core
reliance on natural control requires emphasizing research into the ecology of pest systems. It also
requires giving greater weight to pest control methods that are compatible with biological control.

SOURCES: Office of Technology Assessment, 1995, and J.R. Cate and M.K. Hinckle, Integrated Pest Management: The Path of a
Paradigm, National Audubon Society (Alexandria, VA: Weldon Printing Inc., July 1994).
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TABLE 2-3: Use of Integrated Pest Management on U.S. Crops

Monitor levels of pests and use pesticides Use additional pest
Do not use when levels exceed set thresholds, control tactics in Do not use
IPM but use no additional pest control tactics an IPM program pesticides

Percent of acres

Fruits and nuts 42 6 44 8
Vegetables
Insect control 38 9 43 10
Weed control 60 2 33 6
Disease control 29 12 29 30
Corn
Insect control 15 52 22 11
Weed control 45 2 51 2
Soybean
Weed control 39 2 57 2

Fall Potatoes

Insect control 25 3 69
Weed control 30 1 65 5
Disease control 14 5 58 22

SOURCE: Adapted from U.S. Department of Agriculture, Economic Research Service, Adoption of Integrated Pest Management in U.S. Agricul-
ture, prepared by A. Vandeman et al., AIB-707 (Washington, DC: September 1994).
NOTE: Survey was conducted during 1991 and 1992 and covered from 70 to 100 percent of total acreage per crop in the United States.

with type of crop and pest, but that an absence ahg gap between pests requiring control and

pesticide use isare (table 2-3) (377). available pesticides will generate the need for
more and a greater variety of pest contomls$

FORCES SHAPING THE FUTURE OF and techniques—essentially a centerward shift of

U.S. PEST MANAGEMENT those toward the left end of the spectrum in fig-
ure 2-2.

Because conventional pesticide® easy to use o ]
and effective, they are the sole or primary tool That such needs already exist is evident from

used by most practitioners today to control theEPA data on exemptions under section 18 of the
number and impact of pests. But constraints ar&ederal Insecticide, Fungicide, and Rodenticide
being imposed on the nation’s pest managemerct (FIFRA), the authorizing statute under which
practices. Some—such as the increased rigor d¢PA regulates registration and use of pesticitles.
pesticide screening prior to registration, eco-These exemptions are granted under emergency
nomic forces within the industry, and continuing Circumstances to allow use of a pesticidehwitt
widespreadpublic conern—will tend to limit the normal registration requirements that ensure
growth in the number of available pesticidessafety to human health and the environment.
(especially insecticides and fungicides) and theiAccording to EPA, at least 200 exemptions are
use. At the same time, increasing resistance tbeing approved each year (164,19). Resistance to
pesticides and newly emerging pest threats wilpesticides, cancellation of a pesticide previously
cause the need for pest control to rise. The resulir use, and emergence of new pests are the most

8 Such exemptions are authorized under section 18 of FIFRA (1947) as amended (7 U.S.@set6105).
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common reasons for exemptions. The level ofor use in crops like fruits, vegetables, ands
use of these exempted chemicals is uncertairwhere the potential market size per registration is
Nevertheless, one consequence of the growinguite small, especially when compared with mar-
backlog of pest control needs is circumvention okets for major crops like corn, wheat, soy, and
the standard criteria that ensure safe pesticideotton. Corn, for example, was grown on about
use. 79 million U.S. acres in 1992; in coast, the
acres devoted to all vegetables combined

[J Regulation of Conventional Pesticides =~ amounted to only 4.6 million (379). Industry
experts now anticipate that manufacturers will

More rigorous federal regulation of conventionaldrop the registrations on 4,000 pesticides cur-

pesticides is directly and indirectly causing ceranqy jabeled for onlyninor uses:; about 1,000 of
tain pesticides to be withdrawn from U.S. mar-yace have significant uses (335).

kets. These losses are unlikely to be completely Congress has sought tedress these eco-

offset by the new chemicals coming on line. nomic disincentives for registration of minor use

Over the past few decades, the Congress Nagsticides in a number of ways. The IR-4 pro-
set a clear nationglolicy, through amendments 4ram® administeed by USDA through the
in 1972 and 1988 to FIFRA, to phase out contgoperative State Research, Education, and
ventional pesticides that are harmful to humanzytension Service (CSREES) and funded at $5.7
health or the environment. These amendmentgjliion in fiscal year 1995, supports the develop-
required reevaluation and reregistration of pestiment of data for minor use registrations. IR-4
cides already on the market to bring them intQyorks in conjunction with the Agricultural
line with current testing requirements. Research Service (ARS) minor use program,

A significant number of pesticides are funded at $2.1 million for 1995. A number of
expected to disappear from U.S. markets as Bills have been introduced with strong bipartisan
result of the reregistration requirements. In thesupport in the 103d and 104th Congre$$ds
early 1990s, companies elected not to reregist@educe the costs of minor use registrations—
an estimated 25,000 of the 45,000 products omost recently in H.R. 1627 introduced May 12,
the market (401). The total number that will ulti- 1995.
mately disappear is unknown, as are the specific Removal of the economic constraints will not
reasons why companies decide not to reregistefompletely counter the effects of reregistration
each product. According to EPA, 19,000 of theon the number of available pesticide products.
dropped registrations were for older productsThe active ingredients and products that have
that had not been produced in the three ipies/  peen reregistered first are those that require the
years (401). With respect to the remaining 6,00Qeast new data on environmental and health risks.
products, companies may not have sought thelder chemicals long on the market generally
reregistration of some that would not meet theequire more data to support reregistration and
more scrupulous registration criteria. But a morewill be the last to be reregistered. Far less is
common reason may be that manufacturers havenown about the potential risks of these chemi-
determined that the potential market size for cereals. As the chemicals come under review, addi-
tain products does not justify the costs of reregistional products may have uses restricted or be
tration. removed from the market due to risk consider-

Experts expect that many pesticides fallingations, not economic forces.
into the last category are those that serve rela- Costs of pesticide research and development
tively small markets, the “minor use” pesticides,have risen steadily in the recent past. These

%The Interregional Research Project, No. 4 was begun in 1963 by directors of the State Agricultural Experiment Stations.
10Related bills include H.R. 967 and S. 985 in the 103d Congreds.Rnd 352, H.R. 1627, and S. 794 in the 104thdess.
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costs, coupled with the more careful scrutiny ofduration and level of exposure of humans and
potential impacts, have slowed the rate at whiclother living organisms.

new pesticide products have been marketed pespite this complexity, it is clear that the
(150) (see chapter 6). Moreover, companies argyplic now has substantial concern about expo-
increasingly seeking to position new products ingyre to pesticides. This concern is driven as much
major, not minor markets. The effects of thisby perceptions about how much we don’t know
trend on the number of pesticides available in the,p ot pesticide impacts as by what we do. It is

United States are uncertain, but the develc’pme%mpounded by the frequent reports of unantici-

of new pesticides is unlikely to compensate forpated exposure from groundwater contamination,

Y50d residues, and improper pesticide use and
storage. The resulting public sentiment can be
. powerful, especially if the level of uncertainty is

Development of pesticide replacements may, ot even in the absence of technical evidence
also be impeded by the rate of the pesticidg,,; oy ynambiguous risk to public health or the
reregistration process. EPA has been widely Crity vironment existse(g., box 2-3).

icized for its slow action on reregistration, .
rompting repeated prodding by Congress The level of media coverage suggests that
b ublic interest is constant and intense. OTA'’s

through oversight hearings (336). The delaysp h of si . th
allow continued marketing of older pesticides,Searc Of SIX major newspapers across the coun-

potentially creating a deterrent to the develop-try showed that.they run, on average, more than
ment of new, lower-risk alternatives (190). three related articles a week, providing a constant

chronicle of public exposure, health impacts, and

i unintended contamination of food and the envi-
[ Public Concern ronmentt! Not surprisingly, the media focus on
Assessment of the benefits and risks of convenevents of greatest public interest, such as recently
tional pesticides is beyond the scope of thigeported widespread contamination of tap water
report. The use of pesticides in the United StateBy agricultural herbicides in the Midwest (199)
over the past several decades has obviously haghd the potential effects of pesticides on repro-
considerable benefits to agriculture and publicduction in humans and wildlife (323).
health, but has also caused harm. The body of Recent surveys consistently show that the
information addressing pesticide impacts onpublic is genuinely concerned about pesticide
human health and the environment is complexesidues in food (421). For example, a 1990 sur-
and large (202). Certainly, humans and wildlifeyvey of 1,900 U.S. households bgsearchers
exposed to certain pesticides under specific corfrom the USDA Economic Research Service
ditions have shown short- and long-term adversghowed that the majority were concerned about
impacts ranging fronpoisoning to sterility and pesticide safety and food residues (206). More
cancer (55,202). The thousands of chemical forthan half of the respondents expressed the belief
mulations in use today vary greatly in theirthat foods were unsafe when grown using pesti-
modes of action, toxicological profiles, and othercides at approved levels. The majority also did
significant features. Effects of any given pesti-not believe that the health risks of pesticide use
cide depend nainly on such spafic character- are well understood and agreed that pesticides
istics, but also on the ways in which it is used,sshould not be used on food crops because the
the environment into which it is released, and theisks exceed the benefits (206).

istration process, especially of tho&e minor
use markets.

11O0TA’s search covered the years 1992, 1993, and 1994 for the following newspiergork Times, St. Louis Post-Dispatch, Wash-
ington Post, Chicago Tribune, Houston P@sidLos Angeles TimeSearch criteria covered varioypes of pesticides and health or envi-
ronmentaimpacts.
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BOX 2-3: Alar: A Case Study on the Influence of Public Opinion

In early 1989, the television show 60 Minutes and other media sources focused public attention on a
report from the Natural Resources Defense Council (NRDC) charging that children were particularly at
risk from exposure to residues of cancer-causing agents in their food. The NRDC report identified as an
example Alar, a chemical widely used in apple production to enhance fruit color and to keep fruit from
falling off trees. Demand for fresh apples plummeted and concern about the presence of other chemical
residues on produce increased. Losses to apple growers caused by diminished sales exceeded $100
million that spring.

The NRDC report stated that Alar is a potent carcinogen and that children face particular risk. The sci-
entific information underlying this assertion was inconclusive, however. In 1973, scientists in Omaha,
Nebraska, had found evidence that unsymmetrical dimethyl hydrazine (UDMH), a chemical comprising
1 percent of Alar, was carcinogenic to mice at very high doses. EPA declared these results “unscientific”
because the mice received excessively high doses of the chemical. Subsequent tests found effects on
mice only at extremely high doses and no effects on rats at any level of exposure. Neither U.S. nor British
regulators found sufficient justification in the research to ban the use of Alar.

Alar, like other plant growth regulators, is regulated as a pesticide by EPA. The strong public outcry
against Alar following the media coverage forced EPA to reassess its findings. The agency subsequently
determined that the risks of Alar were too high and pulled the chemical from the market.

Uncertainty was the real issue underlying the debate about Alar. Because there was no proven risk,
government regulators and industry assumed that the chemical was safe. In contrast, the possibility that
Alar might cause cancer led NRDC and parent groups to call for the chemical’s prohibition—especially in
light of the high consumption of apples and apple products by infants and children and the uncertainties
regarding long-term effects of exposure to carcinogens early in life.

SOURCES: E. Marshall, “A is for Apple, Alar, and . . . Alarmist?” Science 254(5028):20-4, Oct. 4, 1991; J.D. Rosen, “Much Ado
About Alar,” Issues in Science and Technology 6:85, Fall 1990; D. Warner, “The Food Industry Takes the Offensive,” Nation’s
Business 79(7):42-45, July 1991; and F.E. Young, “Weighing Food Safety Risks,” FDA Consumer 23(7):8-14, September 1989.

Concern about pesticide food safety issued994 (226). Pest control professionals also report
gained new impetus in 1993 with the release ofjfrowing public concern. In the 1993 Sandoz sur-
the National Research Council’s highly publi-vey of pest control professionals, 76 percent
cized report on “Pesticides in the Diets of Infantgreported greater public concern about the envi-
and Children.” The study concluded that childrenronmental impacts of pest control than five years
and infants may be uniquely susceptible to thereviously (302). One response to this growing
toxic effects of pesticides and are at greater riskoncern has been a reduction in pesticide use. In
than adults from some chemicals. Past risk 15-state survey of 9,754 farmers conducted in
assessments may not a|Ways have adequatel)g94, 82 percent reported USing less or the same
protected infants and children because they di@mount of pesticides than five years ago, com-
not explicitly account for these differing impacts, Pared with only 6 percent reporting an increase
as well as for differences between adults andD Pesticide use (131).
children in diet and other factors—and hence in
pesticide exposure levels (241). [ Pesticide Resistance

Consumer worries about food safety haveAn increasing number of pests—insects, weeds,
fueled a 20 percent annual growth in the markeand plant diseases—have become resistant to
for organically grown products sind®89. Sales pesticides that formerly were effective in con-
by U.S. companies amounted to $2.3 billion introlling them. Alternative control technologies
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may provide the solutions to management othe United States are now infested with resistant
some resistant pests. They also will become inteweeds (198). They include such well known
gral components of strategies to slow the rate aveeds as cheatgrasBrémus tectorun a com-
which resistance develops (77,111). Abundaninon seed contaminant and cause of fire hazards
evidence exists that the use of multiple tactics ten western rangelands, and black nightshade
control a pes_t slows the rate _at Which_th(_a pes{Solanum nigrury) a common crop weed whose
develops resistance to any single tactic in theoxic berries can contaminate harvests of peas
arsenal (125). _ and beans (425).
_ A pest becomes resistant to a formerly effec- 143y in the United States at least 183 insect
“Ye pesticide when the chemlgal ceases 10 Prozng arachnid pests are resistant to one or more
\t/)'de adequatet (;Ontl’Ol. Reswfan;t}a devetI_OP secticides; 62 of these have developed resis-
ccause repeated exposure to Ihe Pesliciqy, q g synthetic insecticidestn at least two
causes the selective survival of pest strains that, : .
. of the three major categories of these products
can tolerate the chemical. Farmers and Otherrlowin use (organophosphates, carbamates, pyre-
users often find themselves applying the pesti- ganopnosp ’  PY

. . . . throids) (112). California scientists believe that
cide at an ever-increasing rate to achieve the

same level of pest control. Eventually, the pesti-almOSt every arthropod pest in the state is resis-

cide may cease to have any effect on the peg?nt to at least one insecticide, and some popula-
whatsoever. tions of such important pests as the tobacco
Evidence of pesticide resistance was observeftdworm Heliothis virescens in cotton and
as early as the 1950s. As of 1992, the numbers gtafminers in certain vegetable cropsriomyza
resistant species worldwide wesstimated at Sativag cannot be effectively controlled by any
504 arthropods (including insects and arachnidsthemical now available (410). Table 2-4 shows
such as mites), 87 weeds, and 100 plant pathdbe most critical cases today of riple resis-
gens (68). tance among arthropod pests in the United States.
As of 1988, at least 18 herbicide-resistantGeorge Georghiou, a renowned world expert on
weed species had been reported from 31 statdizgsecticide resistance, predicts that new instances
(198). Twelve of these species have shown resisf pest resistance to specific insecticides will
tance to triazines, the most widely used categorpose a continuing impediment to effective con-
of herbicides. More than three million acres introl through conventional pesticides (112).

TABLE 2-4: Critical Cases of Multiple Insecticide Resistance in the U.S. Today

Pest Major impacts Resistant to
Op* C P Oth

Two-spotted spider mite  Attacks most greenhouse-grown plants; also X X X X
(Tetranychus urticae) damages grapes, vegetables, and field and orchard

crops
Colorado potato beetle Attacks potato, tomato, eggplant, tobacco, and other X X X
(Leptinotarsa decemlineata)crops; found throughout most of the United States
Southern house mosquito  Bites humans and can transfer encephalitis X X X X
(Culex quinquefasciatus)
House fly Most abundant fly in human dwellings; causes X X X X
(Musca domestica) annoyance, spreads filth, and is the suspected vector

of numerous human diseases; distributed worldwide
Little house fly Occasional parasite of the human urinary tract and X X X
(Fannia canicularis) intestines

(continued)
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TABLE 2-4: Critical Cases of Multiple Insecticide Resistance in the U.S. Today (Cont'd.)

Pest Major impacts Resistant to

Op* C P Oth
Sweetpotato whitefly Destructive pest of irrigated cotton and vegetables; X X X
(Bemisia tabaci) has caused annual losses in excess of $100 million to

California agriculture during severe outbreaks;
damages greenhouse crops

Silverleaf whitefly Attacks over 600 plants including melons, squash, X X
(Bemisia argentifolii) tomatoes, lettuce, cotton, and poinsettias; has caused

over $500 million in damage in California, Arizona,

Florida, and Texas

Greenhouse whitefly Attacks cucumber, tomato, lettuce, geranium, and X X X
(Trialeurodes vaporariorum) many other plants

Cotton aphid Important aphid pest of agriculture, affecting cotton, X X X
(Aphis gossypii) melons, citrus, and other crops; distributed

throughout the United States; most destructive in the
South and Southwest

Pear psylla One of the most important pear pests where X X X
(Cacopsylla pyricola) established; transmits pear disease; distributed

throughout eastern states and pear-growing regions

of Pacific Coast

Tobacco budworm Attacks tobacco, cotton, and other plants; key X X X
(Heliothis virescens) secondary pest of cotton; occurs from Missouri, Ohio,

and Connecticut southward; most injurious in Gulf

states
Soybean looper Major defoliator of soybean; also attacks peanut, X X X

(Pseudoplusia includens)  cotton, tobacco, and other crops; occurs in southern
Atlantic and Delta regions of the United States

Beet armyworm Attacks beet, alfalfa, cotton, asparagus, and other X X X
(Spodoptera exigua) root and vegetable crops; distributed from the Gulf

states north to Kansas and Nebraska and west to the

Pacific Coast

Fall armyworm Attacks corn, sorghums, and other grass-type plants; X X X
(Spodoptera frugiperda)  occurs throughout Gulf states; sometimes migrates

north as far as Montana or New Hampshire, but

cannot survive winter

Diamondback moth Attacks cabbage, and ornamental and greenhouse X X X X
(Plutella xylostella) plants; occurs wherever its host plants are grown
German cockroach Most common household roach; spreads filth; X X X X
(Blattella germanica) damages household items; is suspected vector of

human diseases; distributed worldwide
Cat flea Worldwide pest of cats; common indoors in eastern X X X X
(Ctenocephalides felis) United States; can carry the bacteria that causes

bubonic plague
Citrus thrips One of the most important citrus pests in California X X X
(Scirtothrips citri) and Arizona

“oP= organophosphates; C = carbamates; P = pyrethroids; Oth = other smaller categories of pesticides, including microbial pesticides.

SOURCES: Resistance data from G.P. Georghiou, University of California, Riverside, CA, “Insecticide Resistance in the United States,” unpub-
lished contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, April 1995; and data on pest impact
from R.L. Metcalf and R.A. Metcalf, Destructive and Useful Insects: Their Habits and Control, 5th Ed. (New York, NY: McGraw Hill, 1993).

NOTE: Data in table indicate where resistance has been documented in one or more locations in the United States.
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UNewly Emerging Pest Threats

The number of pestsin the United States is con-
stantly growing. The 1993 OTA assessment of
Harmful Non-Indigenous Species in the United
Sates showed that new species continuously
flow into the country, but few previous immi-
grant (or nonindigenous) pests, such as the boll-
worm (Helicoverpa zea) or the European gypsy
moth, are ever eradicated (338). Newly arrived
pests just since 1980 include:

= the Russian wheat aphid (Diuraphis noxia),
which has caused more than $850 million in
crop losses,;

+ the zebra mussel (Dreissena spp.), which
spread to more than 17 states in less than a
decade, imperiling native mussels, fouling
water intake systems, and causing losses to the
power industry that are expected to exceed
several billion dollars; and

n the Asian tiger mosquito (Aedes albopictus),
which is now found in more than 22 states and
is an effective vector of several serious human
diseases such as dengue fever (338).

OTA estimated that more than 205 species
were newly detected or introduced into the
United States from 1980 through 1993, with at
least 59 having the potential to become pests.
Moreover, this rate of pest entry is expected to
rise with the increasing globalization of trade and
advent of more rapid methods of transportation
(338). Global warming is similarly expected to
increase rates of pest entry to the United States,
as species usualy restricted to lower latitudes
migrate northward (338).

In addition, public authorities are now attack-
ing some old pests with new vigor. Specificaly,
changing public values have caused increased
emphasis on the conservation of indigenous
biodiversity —the nation’s biological heritage. In
numerous parks and nature reserves, this biodi-
versity is now imperiled by nonindigenous
weeds, insect pests, and plant diseases that para-
sitize, kill, consume, compete with, or destroy
the habitats of native plants and animals.

In the late 1980s, the silverleaf whitefly (Bemisia argentifolii)
emerged as a new pest in the southwestern United States,
causing hundreds of millions of dollars in crop damage.

Agricultural Research Service, USDA

National Park Service managers, for example,
now rank nonindigenous species as one of the
top threats to park natural resources (338). Stew-
ards of Nature Conservancy lands in 46 states
report problems with pest plants, and 59 percent
of all stewardsrank pest plants as one of their top
10 conservation concerns (284).

Managers of natural areas are increasingly
seeking methods to suppress these pests while
leaving the native flora and fauna unharmed. Sci-
entists are similarly directing increased attention
toward dealing with introduced pests in aguatic
systems—rivers, lakes, streams, and oceans
(191). The need is for effective, but highly spe-
cific, pest control methods that can be used in
environmentally sensitive habitats-criteria met
by few conventional pesticides.

Nonindigenous weeds also degrade western
rangelands. A number provide only low-value
forage for cattle, and some, like leafy spurge
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RESPONSES BY CONGRESS AND
THE EXECUTIVE BRANCH

The significance of pesticide losses, pest resis-
tance, and emerging pest threats has not been lost
on national policymaks. Congress responded
directly to a number of these in the 1990 Farm
Bill in provisions related to use and registration
of pesticides, identification of pest control tools,
and control of exotic pests (box 2-4). Pesticide
issues have generally remained high on the con-
gressional agenda: between 45 and 152 bhills
directly or indirectly addressing pesticide issues
have been introduced into each Congress since
Some pests can have profound environmental impacts. These the 98th Congress convened in 1@85;1 the
Ieafleyss trees in- m/:dsummer r?su/t from (he European gypsy 103d Congress alone (January 1993 to January
moth's (Lymantria dispar) voracious appetie. 1995), 33 bills dealt directly with pesticide-
related issues. Of these, 19 addressed the health

(Euphorbia esulp are toxic (425). These harm- and environmental impacts of pesticides, and at
least three dealt with future need for effective

ful plants are spreading rapidly across federa =
lands and now infest around 17 millioores. Pest control methods and approaches. This inter-

Indeed, the threats from certafonindigenous est continues in the 104th Congress, where eight
Weeds’—called noxious wedds—were deemed Pesticide-related bills had been introduced as of
significant enough to merit special mention inMay 24, 1995. Two dealt with pesticide impacts

the 1990 Earm Bilt3 which amended the Fed- °©" health and the environment, and five with
eral Noxious Weed Act to require the develop-mee“ng future pest control need;. )

ment of weed management plans on all federal The most notable related action in the execu-
lands. The Secretary of the U.S. Department oﬁjve branch of government is the Clinton Admin-

the Interior (Dol) recently set up an agenCy_Widelstration’s June 1993 announcement of its intent
0 reduce the use and risks of pesticides (see also

task force to aid in addressing this re uiremenE . . .
g g ox 5-1 in chapter 5). A major mechanism for

(290). In addition, a number of Dol and USDA ) . i o L
. ; ?ch|evmg this goal is the Administration’s stated
agencies have signed onto a Memorandum o

. . . ommitment to develop and implement IPM
Understanding to coordinate the prevention an .
; practices on 75 percent of U.S. crop acreage by
control of noxious weeds (see also chapter 5).

the year 2000 through the actions of three federal
agencies—USDA, EPA, and the Food and Drug
Administration (FDA)!® The Administration has

Agricultural Research Service, USDA

12 A “noxious weed” under the Federal Noxious Weet, as amended (7 U.S.C.A. 2814), is “of foreign origin, is new to or not widely
prevalent in the United States, and can directly or indirectly injure crops, other useful plants, livestock, or pothiey mterests of agri-
culture, including irrigation, oravigation or the fish owildlife resources of the United States or the public health.” A total of 93 species
have been designated federal noxious weeds by the U.S. Department of Ag'Eellinimal and Plant Health Inspection Service. Weed
experts believe that hundreds of other species also deserve this designation (338).

13The Food, Agriculture, Conservation, and Trade Act of 1990.

14 Dpata derived from OTA’s search of the Legislate and Scorpio databases.

15Note that this is the third administrationdevelop an IPMnitiative (44). Under President Nixon, the Council oviEsnmental Qual-
ity issued an IPM policy document in 1972 and $12.5 million were allocated to the “Huffaker Project’—a research, training, and demonstra-
tion program for IPM. President Carter also tasked the Council on Environmental Quality teecmkenendations to facilitate expansion
of IPM.
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Some pests can have profound environmental impacts. These
leafless trees in midsummer result from the European gypsy
moth’s (Lymantria dispar) voracious appetite.

Agricultural Research Service, USDA

(Euphorbia esula), are toxic (425). These harm-
ful plants are spreading rapidly across federal
lands and now infest around 17 million acres.
Indeed, the threats from certain nonindigenous
weeds-called noxious weeds’—were deemed
significant enough tQ merit special mention in
the 1990 Farm Bill, which amended the Fed
eral Noxious Weed Act to require the develop-
ment of weed management plans on all federa
lands. The Secretary of the U.S. Department of
the Interior (Dol) recently setup an agency-wide
task force to aid in addressing this requirement
(290). In addition, a number of Dol and USDA
agencies have signed onto a Memorandum of
Understanding to coordinate the prevention and
control of noxious weeds (see aso chapter 5).
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RESPONSES BY CONGRESS AND
THE EXECUTIVE BRANCH

The significance of pesticide losses, pest resis-
tance, and emerging pest threats has not been lost
on national policymakers. Congress responded
directly to a number of these in the 1990 Farm
Bill in provisions related to use and registration
of pesticides, identification of pest control tools,
and control of exotic pests (box 2-4). Pesticide
issues have generally remained high on the con-
gressional agenda: between 45 and 152 bills
directly or indirectly addressing pesticide issues
have been introduced into each Congress since
the 98th Congress convened in 1985."In the
103d Congress aone (January 1993 to January
1995), 33 hills dealt directly with pesticide-
related issues. Of these, 19 addressed the health
and environmental impacts of pesticides, and at
least three dealt with future need for effective
pest control methods and approaches. This inter-
est continues in the 104th Congress, where eight
pesticide-related bills had been introduced as of
May 24, 1995. Two dealt with pesticide impacts
on heath and the environment, and five with
meeting future pest control needs.

The most notable related action in the execu-
tive branch of government is the Clinton Admin-
istration’s June 1993 announcement of its intent
to reduce the use and risks of pesticides (see aso
box 5-1 in chapter 5). A mgor mechanism for
achieving this goal is the Administration’s stated
commitment to develop and implement 1PM
practices on 75 percent of U.S. crop acreage by
the year 2000 through the actions of three federal

agencies—USDA, EPA, and the Food and Drug
Administration (FDA). The Administration has

12 A “noxious weed” under the Federal Noxious Weed Act, as amended (7 U. S.C.A, 2814), is “Of foreign Origin, is new to or not widely
prevalent in the United States, and can directly or indirectly injure crops, other useful plants, livestock, or poultry, or other interests of agri-
culture, including irrigation, or navigation or the fish or wildlife resources of the United States or the public health.” A total of 93 species
have been designated federal noxious weeds by the U.S. Department of Agriculture’'s Animal and Plant Health Inspection Service, Weed
experts believe that hundreds of other species also deserve this designation (338).

13 The Food, Agriculture, Conservation, and Trade Act of 1990.

14 Data derived from OTA'’s search of the Legislate and Scorpio databases.

15 Note that this is the third administration to develop an 1PM initiative (44), Under President Nixon, the Council On Environmental Qual-
ity issued an IPM policy document in 1972 and $12.5 million were alocated to the “Huffaker Project”-aresearch, training, and demonstra-
tion program for 1PM, President Carter also tasked the Council on Environmental Quality to make recommendations to facilitate expansion

of 1PM.
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BOX 2-4: Congress Anticipates Future Pest Control Needs in the 1990 Farm Bill

Registering pesticides for minor use crops

Title XIV—Conservation; Subtitle H—Pesticides: Amends the Federal Insecticide, Fungicide, and
Rodenticide Act to allow the EPA Administrator to reduce or waive the fee for registration of a minor use
pesticide if that fee “would significantly reduce the availability of the pesticide for the use.”

Reducing pesticide use

Title Xlll—Fruits, Vegetables, and Marketing; Subtitle C—Cosmetic Appearance: Directs the Secretary
of Agriculture to conduct research to determine impacts of federal grade standards and other regulations
on pesticide use on perishable commodities, and to determine the impacts of reducing emphasis on cos-
metic appearance in grade standards and other regulations on “the adoption of agricultural practices
that result in reduced pesticide use.”

Identifying and developing pest control tools to fill fu ture needs

Title XIV—Conservation; Subtitle D—Other Conservation Measures: Directs federal agencies to
develop programs for control of undesirable plants (including noxious weeds) on federal lands and for
related “integrated management systems” based on education, prevention, and control by physical,
chemical, and biological methods.

Title XIV—Conservation; Subtitle H—Pesticides: Directs the EPA Administrator in cooperation with the
Secretary of Agriculture to identify available methods of pest control by crop or animal; minor pest control
programs (either problems in minor crops or small problems in major crops); and factors limiting the
availability of pest control methods (such as resistance and regulatory actions). Requires the Secretary of
Agriculture to identify crucial pest control needs where a shortage of control methods occurs and to
describe in detail research and extension designed to address these needs.

Directs the Environmental Protection Agency Administrator and the Secretary of Agriculture to develop
approaches to pest control, based on integrated pest management and emphasizing minor pests, that
respond to the needs of producers.

Requires the National Academy of Sciences to conduct a study of the biological control programs and
registration procedures used by the Food and Drug Administration, the USDA Animal and Plant Health
Inspection Service, and the EPA. Directs these federal agencies to develop and implement a common
process for reviewing and approving biological control applications.

Title XVI—Research, Subtitle F—Plant and Animal Pest and Disease Control Program: Directs the Sec-
retary of Agriculture to set priorities designed to overcome shortages in its pest and disease control
research and extension programs where data indicate a shortage of available pest or disease control
materials or methods to protect a particular crop or animal.

Directs the Secretary of Agriculture to expand research and grant programs related to exotic (non-
indigenous) pests to improve existing methods (i.e., sterile release), develop safer pesticides (e.g., pher-
omones), and develop new methods of pest control.

SOURCE: Compiled by the Office of Technology Assessment, 1995, from the Food, Agriculture, Conservation, and Trade Act of
1990, P.L. 101-624.

not specified its interpretation of IPM, but the The executive branch’s national IPM initiative
goal of expanding IPM is to reduce the use okencompasses a number of different actions (401).
pesticides by making a broader array of pesEPA and USDA signed a memorandum of
management tools and techniques available tanderstanding in August 1994 to provide the
farmers (84). agricultural commnity with pest management
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practices that reduce pesticide risks. Accordingmplementation can support diversification of
to this agreement, USDA will increase its pest control technologies and expansion of IPM.
research on alternative pest control tools andox 2-5 describes in greater detail several addi-
means of transferring these tools to farmers. Itional technologies not within OTA’s scope that
addition, USDA and EPA will work together 1) are receiving increased attention for the same
to identify crop/pest situations in which pest con-reasons as BBTSs.
trol tools will become unavailable because of Most activity related to BBTs has occurred
regulatory action, a lack of alternatives, or pestithin the agricultural sector. Pests plague all
resistance and 2) to expedite research, developreas of human activity, and the forces affecting
ment, education, and registration to attack thesghe availability of pest control in the future will
problems. affect nonagricultural areas as well. The OTA
Specific programs are now being developed tassessment thus examines application of BBTs to
meet the general goals just identified. USDA hashe full array of pest problems, ranging from
assembled an IPM Coordinating Council withagriculture, rangelands, and forestry, to parks
membership from all eight USDA agencies thatand wilderness preserves, urban auburban
have related respotdlities, and has requested environments, and even aquatic habitats.
approximately $22 million in fiscajear 1996
funding for relat(_ad programs. A major part of the[] A Caution on Terminology
USDA effort will be a program to assemble ) ) !
teams composed of farmers, researchers, exteﬁ‘; mul-tltude of terms characterize the field of
sion staff, crop advisors, and others to develo;.tl)'OIC)g'CaIIy based pest c_ontrol. Moreovelr, the
crop-specific IPM systems. This will be funded same terms are used _W'th somevyhgt different
through the Cooperative State Research, Educd?®anings among varying subd|SC|pI|nesg_(,e
tion, and Extension Service (CSREES). EPA had'Sect pest management versus plant disease

launched a pilot Biopesticides and Pollution Pre_management) (15). Although some of these dif-

vention Division to facilitate registration of bio- ferences seem esoteric to nonspecialists, unfa-

logical pesticides, administer EPA's IPM miliar uses of terms can arouse strong feelings

program, and develop activities to prevent pestifamqng smenpsts, in par.t.becays_,t_e rese_arch fund-
cide pollution. ing is often tied to specific definitional interpre-
tations (15). Moreover, some definitional
niceties reflect underlyinghilosophical beliefs

DEFINING THE TERMS OF about the most appropriate approach to pest man-
OTA’S ASSESSMENT agement.

The five kinds of biologically based technologies The best known example of such controversy
(BBTs) covered in this assessment represent asccurred in response to the report from a
important segment of the alternatives to convenNational Academy of Sciences working group
tional pesticides (presented earlier in box 2-1)Y243). That report broadened the definition of
and a significant part of USDA’s emphasis inbiological control beyond the use of living
pest control. The majority of the “safer” pesti- organisms to include the use génes or gene
cides that EPA is promoting to reduce the riskproductsto reduce pest impacts. All of the tech-
of pesticide use are microbial pesticides anchologies within OTA’s scope would fall within
pheromone-based products; these two categorigsis definition, as might naturally derived botani-
made up 45 percent of all new active pesticidatal pesticides and insect growth regulators (box
ingredients registered by EPA in 1994 (401).  2-1). Adherents to the historical, narrower inter-
OTA's assessment of BBTs thus provides apretation of biological control worried that other,
“bottom-up” view of whether the national infra- newer approaches might garner a disproportion-
structure supporting research, development, andte share of research dollars at the expense of
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BOX 2-5: Technologies Not Covered in This Assessment Also Receiving Increased Attention

Botanical pesticides

“Botanicals” are chemicals derived from plants that are used in the same way as conventional pesti-
cides. They can be either naturally occurring or synthesized. Examples include pyrethroids originally from
chrysanthemum flowers and nicotine from tobacco. Naturally occurring botanicals enjoy popularity
among organic farmers and gardeners because they are derived from “natural” sources. However, scien-
tists believe that botanicals are no safer as a group than synthetic chemicals and pose the same ques-
tions of mammalian toxicity, carcinogenicity, and environmental impact.

Insect growth regulators (IGRs)

IGRs are naturally occurring hormones or similar synthesized compounds that influence insect growth.
Insects repeatedly shed and then form a new outer layer as they grow in a process called molting. IGRs
kill insects by interfering with the molting process. These insecticides have low toxicity to mammals, but
some IGRs affect crabs, shrimp, and other animals that molt. Concerns about nontarget impacts on these
other species, some of which are economically important, have led to stringent restrictions on allowed
uses of IGRs. IGRs are now being examined with renewed interest for use in environments where such
nontarget impacts are highly unlikely, such as in homes or grain storage elevators. More specific IGRs
might be developed for high-dollar pests; however, no species-specific IGRs are presently on the market.

Plant breeding and enhanced resistance to pest damage

For centuries, humans have selected the most hardy strains of crop plants to propagate and grow.
Significant reductions of pest damage to plants in agriculture and landscapes can be attributed to the
efforts over the past few decades of plant breeders who have developed pest-resistant plant cultivars.
Recent advances in genetic engineering have greatly enhanced the possibilities in this area by enabling
the transfer of genes that confer resistance to pests between widely unrelated organisms. The new
genetic engineering techniques bring great promise, but also certain risks. A number of important issues
remain unresolved in the policy arena, such as food safety effects, potential transfer of genes to weedy
species, the appropriate venue and standards for regulation, and the ability of pests to evolve tolerance
to the plant changes. Of particular significance is that many crop plants are being genetically engineered
to produce toxins found in Bt. Scientists worry this will speed the rate at which pests become resistant to
Bt—rendering microbial pesticides composed of the bacteria ineffective (see also chapter 4 of this
report).

Physical, cultural, and mechanical control

These approaches either manipulate the environment to make it less conducive to pest damage, or
directly remove a pest through mechanical means. Examples include crop rotation, sanitation, choice of
planting and harvest dates to avoid pest infestations, water management practices, and sdarization
(heating soil to kill pests). Most cultural/mechanical approaches are environmentally benign, although till-
age can contribute to soil erosion. Use of these approaches is widespread but patchy. They require a
knowledgeable farmer, and because most cultural/mechanical approaches do not involve a marketable
product, sources of adequate information often are lacking. For this reason, research and development of
cultural/mechanical approaches depends primarily on the public sector.

SOURCE: Office of Technology Assessment, 1995; M.L. Flint, University of California, Davis, CA, “Biological Pest Control: Tech-
nology and Research Needs,” unpublished contractor report prepared for Office of Technology Assessment, U.S. Congress,
Washington DC, November 1993.

NOTE: Technologies presented here are a subset of those outside of OTA’s scope shown in box 2-1 earlier in this chapter.
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their discipline (15). They also felt that some Some organisms become significant pests

approaches gained unwarranted legitimacy bwnly when they move to a new locale where their

their association with more “environmentally natural enemies are absent and therefore the
friendly” biological control: microbial pesticides organism’s population expands greatly. One

based on Bt, for examplé&ijll pests by a toxin, approach to managing these nonindigenous pests
and, according to these critics, perpetuate thé to reestablish control by importing and releas-

mind-set of a pesticide-based approach (see aldéng natural enemies from the pest’s region of ori-

box 2-2). This debate, which continues todaygin. Termedclassical biological contrdf by

was the focus of considerable discussion duringpecialists, the goal is permanent establishment
an ongoing study by the Nationalefearch of the natural enemies in the new locale. Through

Council1® reproduction and natural spread, the control
agents can then effectively “track” the pest
[J OTA’s Definitions of Technologies throughout all or part of its new range and pro-

Covered in This Assessment wdg .endurlng pest suppression Wlth little or no
] o additional effort. Classical biological control is
OTA's selection of the definitions here balancesgenerally regarded as a public-sector activity
a ;traightforward conceptual presentation Withnaving little potential for commercidhvolve-
policy relevance and commonly accepted usaggent, Researchers from universities and federal

among scienti_sts and other professionals. Theng state government are the primary people
goal is to clarify the presentation of this reportjnolved in the discovery, importation, and

while retaining scrupulous technical accuracyejease of classicabiological control agents.
The d(_aflnltlons are not necessarily mten_ded forMany farmers, homeowners, and other users of
direct incorporation into statutes, regulations, Olhest control products are unaware of the extent to

policy statements. which imported natural enemies now keep cer-
tain potential pests in checkbviating or reduc-
Biological Control ing the need to use additional control measures.

Populations of all living organisms are, to someExamples of such pests are the woolly apple
degree, reduced by the natural actions of theiaphid Eriosoma lanigerumn of the Pacific
predators, parasites, competitors, and diseaseNorthwest, the sugarcane delphadiikinsiella
Scientists refer to this process dsological con- saccharicida in Hawaii, and the weed St. John’s
trol and to the agents that exert the control (i.e.wort (Hypericum perforatuin in the western
predators, parasites, competitors, and pathdJnited States, all of which are currently under a
gend’) as natural enemies® Humans can significant level of biological control.

exploit biological control in various ways to sup- Some natural enemies, both imported and
press pest populations. These approaches diffemdigenous, can be repeatedly propagated and
in how much effort is required, who is involved, released in large numbers. Thesgmentative®

and how suitable the approach is for commerciateleases temporarily increase the natural enemy’s
development. abundance in a specific target area and therefore

16 The NRC's Board on Agriculture has an ongoing study of “Pest anadathiControl Through ManagementRiblogical Control
Agents and Enhancedhatural Cycles and Processes.” Theorgscheduled for publication iiate 1995, discusses issues related to necessary
types of research, and complements but does not duplicate the OTA assessment.

17pathogens are disease-causing agents, incledingin bacteria, viruses, fungi, protozoa, and nematodes (microscopic worm-like ani-
mals).

18 Natural enemies are also sometimes referred teasicial organisms.Use of this term can beefusing because some organisms,
like honeybees, are beneficial organisms but are not natural enemies.

19The terminnocuative biological controlis also used by some specialists (418).

20The terminnundative biological contrdb also used by some specialists (418).
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its impact on the pest species. The temporarilpests by producing poisons, causing disease, pre-
boosted abundance may far exceed that whichenting establishment of other microorganisms,
the environment would normally support. Aug- or various other mechanisms. Such microorgan-
mentation can also create a transient populatioisms include certain bacteria, viruses, fungi, pro-
of a natural enemy that could not otherwise pertozoa, and nematodes.microbial pesticidds a
sist in the environment (e.g., because it cannatelatively stable formulation of one or several
tolerate cold winters). One potential advantage ofnicrobes designed for large-scale application.
augmentation is that the release can be timed tbhe most widely used microbial pesticide today
coincide with the period of the pest’s maximumis Bt, formulated from the bacter@acillus thur-
vulnerability, such as a particular larval stage. Iningiensis Its pesticidal properties result from
most agricultural applications, augmentativetoxins the bacteria produce that can kill certain
releases occur once or several times throughoutigsect pests. Most microbial pesticides are pro-
growing season. Live microbial pesticides (dis-duced commercially and sold to farmers, forest-

cussed in the next SUbSECtiOﬂ) are anofben ers, homeowners’ go\/ernment agencies’ and
of augmentative biological control. A small U.S. other users of pest control products.

industry now commercially distributes and sells
insects that are natural enemies of insect an
weed pests, primarily téarmers and ranchers.
Approximately 110 different species are now
commercially available from more than 130
North American companies (60). Some federa
and state government agencies also make au
mentative releases.

The action of all natural enemies—indige
nous, imported, and augmented—can b
enhanced by simply encouraging their surviva

gehavior-Modifying Chemicals
Many organisms emit chemical cues that evoke
specific behaviors from othéndividuals of the
game or a different species. Pheromones are one
ategory of these chemicals that currently has
gpplication in pest management. Pheromones
_serve to communicate information among mem-
é)ers of a single species. Mate-attraction phero-
jnones are now used in pest lures or in traps laced

and multiplication. Thisonservation of natural with insecticides or microbial pesticides. Some

enemiesusually involves specific crop, forest, or are sold commercially for pest control, although

landscape management practices that provide tH8€ Primary function of most is monitoring of
natural enemies with a hospitable environmenPeSt distribution. The pheromone-based method

and limit practices that kill natural enemies—for N greatest use is widespread application of pher-
example, by reducing pesticide use or selectingMones to disrupt a pest's normal matetiiy
specific pesticides. The practitioners of thisPehavior (and thereby reduce successful repro-
approach are farmers and others who seek tguction). Farmers, forestg homeowners, and
control pests. Usually, no commercial productgdovernment agencies rely on commercially pro-
are directly involved but crop, forest, or land- duced pheromone products.

scape management advisors may provide advice

to farmers, homeowners, and others about corfzenetic Manipulation of Pests

servation of natural enemies or other related sefin this approach individuals of the pest species
vices for a fee. Federal and state governmentgre genetically altered and then released into the
also provide public education on such managepest population. The individualsrcg genes that
ment practices through extension and outreachhterfere with reproduction or impact of the pest.

activities. The specific method in significant use today is
the release of sterile males for insect control.
Microbial Pesticides Males of the pest insect are made sterile by irra-

A wide variety of microorganisms (organismsdiation. Following release, they compete with
too small to be seen by the naked eye) suppressrtile males for female mates, thereby reducing
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the number of matings that successfully produceues. Plants containing these fungi are less
offspring. The result is a drop in the size of thesusceptible to damage by insects and diseases.

pest population. Researchers are working on developinghuds
of transferring endophytes to plants in which
Plant Immunization they do not normally occur. Scientigtave also

The ability of crop and landscape plants to resistound they can enhance resistance to disease in
diseases and insect pests can be enhancéértain plants by exposing them to specific
through a number of methods that do not involvemicrobes or chemicals or by inoculating them
plant breeding or genetic engineering. Onewith a less-damaging strain of a disease-causing
approach of growing importance in the turfgrasgmicrobe. The various methods of inducing dis-
industry is the use of grass containing endoease and pest resistance are experimental and not
phytes—certain fungi that live within plant tis- yet in practical use.



