Pest Management Strategiesin Crop
Protection

October 1979

NTIS order #PB80-120017




Library of Congress Catalog Card Number 79-600176

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 Stock No. 052-003-00708-8



FOREWORD

This report assesses the array of tactics used to control pests of agricultural
crops in the United States.

The assessment was requested by Senator Herman E. Talmadge, Chairman
of the Senate Committee on Agriculture, Nutrition, and Forestry.

The Office of Technology Assessment was assisted by an advisory panel of
scientists, farmers, consumers, and representatives of industry and public inter-
est groups, Nine working groups were commissioned to carry out the major objec-
tives of the assessment. The work was supplemented by a 2-day public participa-
tion meeting in which the assessment panel members and the public exchanged
views and concerns regarding present crop protection methods. In addition,
critical reviews of the draft reports were provided by Federal officials, and a
wide spectrum of interested individuals. To all of these people OTA offers sincere
thanks.

This report is in two volumes. Volume 1 is the summary report and is based on
the OTA-commissioned studies conducted by each of the nine working groups,
panel discussions including the 2-day public meeting, extensive staff work, and
outside reviewers’ comments. Volume Il is the collection of indepth studies from
which volume | was prepared, and is intended to be used as background and
reference material for those who need additional details. The transcript of the 2-
day public meeting is also included in volume II.
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INTRODUCTION

In the United States, total losses from all pests are generally estimated to be
one-third of total potential production before harvest, and nearly 10 percent after
harvest. Losses are believed to be considerably greater in the tropics. Thus, at
least one-third of the world’s potential food harvest is lost to pests. The
vulnerability of crops to pests makes pest control one of the major management
components of the total crop production system. This vulnerability has become
more prominent as the trend toward high productivity of only a few select crops
has increased. This trend dominates U.S. agriculture. During the past century
U.S. agriculture has changed from relatively small, labor-intensive, diversified
units to large, highly specialized, and mechanized operations. Today, modern
agriculture is a complex system in which a series of interlocking physical,
biological, and management functions all interact to determine the yield and
quality of a cultivated crop.

In the past three decades, U.S. agriculture has increasingly depended on
chemical pesticides to control the pests that damage crops. Heightened concern
over the environmental effects of pesticides, coupled with increased pest resist-
ance and secondary pest outbreaks, severely limits the effective pesticides avail-
able to farmers. While these trends are most fully developed in the industrialized
nations, especially in the United States, the problem is worldwide. If farmers are
to meet the growing demand for food, new strategies for reducing pest damage
must be found.

This pest management strategies assessment was requested by Senator Her-
man Talmadge, Chairman of the Senate Committee on Agriculture, Nutrition, and
Forestry. Its primary focus is on agricultural crop protection. The study sought to:

1. assess crop protection problems, current and emerging control technol-
ogies, and projected future developments over the next 15 years for each
of seven regional cropping systems in the United States,

2. evaluate Federal constraints to improved pest management in the United
States, and

3. review the problems, potentials, and impacts of the transfer of North
American crop protection technology to the developing world.

These objectives were addressed by nine study groups: one each for the seven
cropping systems in 1 and one each for 2 and 3. The crops and regions selected
were: wheat in the Great Plains States, corn in the Corn Belt, cotton and sorghum
in Texas, deciduous tree-fruits (especially apple] in the northern half of the coun-
try, potatoes in the Northeastern States, soybean in the Southeastern sector, and
selected vegetables in California. These crops are representative of more than 90
percent of U.S. agricultural production.
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DISCUSSION

Present Pest Control Tactics
and Problems

Agricultural producers have coped with
the changing nature of pest problems by
using one or more of several control tactics.
None of these practices is entirely satisfac-
tory or universally applicable. Moreover, all
practices used to control any one pest com-
plex impact on nontarget organisms and can
create other problems. Control tactics most
commonly used on U.S. farms are:

® Chemical: herbicides, insecticides, fun-
gicides, nematicides, etc.;

e Cultural: cultivation, crop rotation,
strategic planting and harvesting dates,
sanitation;

® Plant resistance: plant varieties geneti-
cally resistant or tolerant to pests; and

® Biological: predators, parasites, micro-
bial.

Table 1 shows the principal control tactics
used against major pests of the several crops
in this report,

The major problems associated with pres-
ent controls stem primarily from the extreme-
ly limited number of effective control tactics.

Table |.—Principal Control Tactics Used
Against Major Pests of the Seven Regional
Cropping Systems

_ Major pests ~ ©

Nema- Patho- Verte -

Insects todes gens Weeds brates

Wheat (Great Plains) 213 2 3.2 1,2 2
Corn (Cornbeit) 12,3 - 3,21 1,2 -
Soybeans (Southeast) 1 13.2 1,2 12 -
Apples (North) 1 12 1,32 12 1.2
Potatoes (Northeast) 12 213 21 1.2 -
Cotton (Texas) 1,23 3 321 12 -
Melons (California) . 1 1 2,3 12 4
Cole (California) 1 | 2 1,2 4
Lettuce (California) 1,2 13 2,13 1,2 4
Tomatoes (Calitornia) 1,2 13 3,2 1.2 4
Strawberries (California) 1 - 2 1 4

Control tactics

1 Chemical {insecticides nematicides fungicides herbicides !
2 Cuftural (cultivation crop rotation planting dates sanitation }
3 Plant resistance {plantvarieties genetically resistantto pests?
4Biological predatorsparasites M crobats 1

These problems are expected to increase as
pests, through evolutionary adaptation,
become resistant to existing controls. For ex-
ample, disease-resistant wheat eventually
loses its effectiveness as strains of disease
pathogens evolve that are capable of over-
coming such resistance, late planting of a
crop to avoid an insect pest becomes futile as
other pest strains are encountered that are
adapted to late planting, and the continual
exposure of pests to chemical pesticides pro-
motes the evolution of pests resistant to these
chemicals. Moreover, some pest control
measures have secondary effects that are
often as serious as the problems for which the
controls originally were used. For example,
some chemical pesticides eliminate beneficial
predators and parasites and other nontarget
organisms along with the targeted pests and
produce secondary pest outbreaks, In other
cases the removal of a primary weed pest
may result in secondary pest outbreaks, and
tillage for pest control increases soil erosion
and water loss. Moreover, it often takes years
to understand fully the secondary conse-
guences. In addition. a de-emphasis in re-
search programs in genetic plant resistance
to pests is one factor that has led to a reduc-
tion in the acreage of certain pest-resistant
crops. In Kansas and Nebraska alone, the
acreage of Hessian-fly-resistant wheats has
decreased from about 66 percent in 1973 to
about 42 percent in 1977. Finally, the health
and safety of agricultural workers and by-
standers are of widespread concern as many
of the chemicals in use today pose known and
unknown risks to humans.

These are major problems that are raising
serious concerns about both the present and
future availability of suitable control meas-
ures and alternative means of control.

Fifteen-Year Prelection for
Crop Protection

No revolutionary new pest control tactics
are expected to be implemented over the next
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15 years. This projection assumes that such
control technologies must already be in at
least the early stages of development, Al-
though the total use of pesticides is not ex-
pected to increase appreciably, the use of
herbicides is expected to accelerate consider-
ably. Several new tactics in crop protection,
such as the use of hormones, antihormones,
allelopathy, and molecular genetic manipula-
tion will probably be of limited use during the
next 15 years, although they have great po-
tential for the future. One exception may be
the use of pheromones (sex attractants) to
control insects, a technique that could be-
come widely adopted if technological prob-
lems can be solved.

However, there is a promising approach,
integrated pest management (1PM), that is
slowly evolving within U.S. agriculture, This
approach offers promise of more stable crop
protection and production with the least
hazard to man and the environment. 1PM will
be used more widely as efficient, economical-
ly sound systems become available. These
should provide more stable management of
many pests than now exists and should re-
duce pesticide use to the minimum effective
level required to allow continued growth in
agricultural production.

Integrated Pest Management

Because of the continually changing nature
of pests, their environment, and the economic
impact of pest combinations, coupled with a
mounting public concern regarding human
health and environmental problems associ-
ated with the use of chemical pesticides, a
concerted effort is required to develop pro-
grams that contain pest damage while provid-
ing protection against hazards to humans,
animals, plants, and the environment, 1PM
views pest control within a whole-systems
context of crop production and is defined as
follows:

Integrated pest management (1PM) is the
optimization of pest control in an economical-
ly and ecologically sound manner, accom-

plished by the coordinated use of multiple
tactics to assure stable crop production and
to maintain pest damage below the economic
injury level while minimizing hazards to hu-
mans, animals, plants, and the environment.

In its broadest form, an 1PM program en-
compasses all significant components of the
agroecosystem-soil, crops, water and air,
insects, pathogens, weeds, nematodes, and
other organisms—which interact among
themselves and with other components of the
system, Present 1PM programs, however, are
most commonly limited to single-pest classes.

Present State of implementation
of IPM

The full potential of IPM has not been real-
ized in any of the seven cropping systems ex-
amined in this report. However, there are
many situations in which multiple-control tac-
tics are being used. Although these are rela-
tively simple systems, they can be expanded
in the future.

Where multiple tactics are used for any
one crop, they are usually directed against
specific pests or classes of pests rather than
all pests. The tactics most commonly em-
ployed involve cultural controls and resistant
plants combined with minimum effective
rates of chemical pesticides. The combined
use of herbicides and limited cultivation, to
replace cultivation alone, for weed control
has significantly reduced soil erosion, but has
created other problems.

Short-term models developed from the data
of some pest-monitoring programs are suc-
ceeding in predicting some pest outbreaks.
These tools allow growers to apply pesticides
only as needed or to substitute other appro-
priate tactics, Broad monitoring programs
and predictive models are among the most
promising components of 1PM, but are limited
at present by a lack of organizational struc-
ture; a lack of adequate weather monitoring
at the local, regional, and national levels; and
insufficient bionomic data.
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Transfer of IPM Technology to
the Developing World

The concept of 1PM is widely accepted in-
ternationally and the transfer of its basic
philosophy to the developing world through
several national and international assistance
programs has progressed. However, systems
must be developed that are adapted to the
agricultural conditions in the developing
countries and are compatible with social
customs, political structures, and economic
systems as well,

Traditional subsistence agriculture of the
developing tropical world must deal with an
array of crops and associated pests generally

MAJOR FINDINGS

1, The limited variety and effectiveness of
present pest control tactics seriously
limit farmers’ ability to reduce current
crop losses;

2. 1IPM appears to be the most promising
crop protection strategy for the next 15
years;

3, OTA estimates that 1PM programs for
major U.S. crops can reduce pesticide
use up to 75 percent, reduce preharvest
pest-caused losses by 50 percent, and
reduce total pest control costs by a sig-
nificant amount;

4. International implementation of 1PM re-
qguires systems that are adapted to local
agricultural conditions and are compati-
ble with social customs, political struc-
tures, and economic systems;

. Technological and administrative obsta-
cles that-impede the development and
implementation of 1PM must be removed
to achieve a more effective crop protec-
tion system in the United States.

The technological obstacles lie pri-
marily in the areas of basic knowledge,
delivery systems, and personnel. An in-
adequate base of knowledge in the basic
biology, bionomics, and interactions of

not found in temperate countries. Pest man-
agement systems developed for the intensive
high-energy agriculture of the temperate
world are often inappropriate. Agromedical
training, pest management workshops, ade-
guate libraries, onsite demonstration proj-
ects, and crop protection research and exten-
sion under the title XII amendment to the
Foreign Assistance Act and others will be re-
quired to develop the necessary knowledge
bank and to implement vigorous, effective
1PM programs. It is estimated that 50 percent
of the extremely high pest-caused losses in
the developing world may be prevented
through application of appropriate 1PM
systems,

AND CONCLUSIONS

crop pests seriously limits the range of
control tactics available for integrating
pest management into a total crop pro-
duction system.

At the same time, the lack of an ade-
guate delivery system impedes the dis-
semination of data necessary to support
effective pest-management decisions.
Along with this is a shortage of properly
trained personnel to conduct needed re-
search, to develop 1PM programs, and to
provide information delivery systems.
The extension pilot 1PM programs were
initiated with Federal funding but did
not provide adequate means to increase
the knowledge and trained manpower
base with which to support 1PM. A lack
of practical, demonstrated interdisci-
plinary programs has resulted in grower
skepticism and uncertainty regarding
the economic benefits of 1PM.

The administrative obstacles stem
from the lack of cooperation and coor-
dination between Federal and State
agencies which impede programs of
basic and applied research in 1PM. A
clear focus of intent concerning future
1PM activities must be conveyed by the
various agencies involved in the funding
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of research and extension activities, the
regulation of pesticide use, and in the
marketing of farm products.

6. Congressional action or inaction will af-
fect the future form of U.S. crop protec-
tion strategy.

CONGRESSIONAL OPTIONS

The basic option that Congress faces is
whether to make a policy judgment to commit
the additional resources required to acceler-
ate the present slow evolutionary trend
toward the adoption of 1PM crop protection
systems, Thus, Congress faces a choice be-
tween: 1) the status quo for U.S. pest control
methods, which, although including 1PM, con-
tinues to rely heavily on chemicals or 2)
developing a strategy to accelerate the pres-
ent slow evolutionary shift to 1PM as a whole-
systems approach to U.S. crop protection.

Option 1: Status Quo

Pros: The control tactics presently
available for crop protection are relatively
simple, readily available, and economically
attractive. They are used primarily in re-
sponse to single-pest outbreaks. Their prin-
cipal advantage is that their effects are
known, they work, and they have gained the
confidence of growers.

Cons: Chemical pesticides are the most fre-
guently used tactic at present. Effects of
some chemical control measures include the
induction of secondary pest outbreaks, ad-
verse effects on beneficial species and on
nontarget organisms, development of pesti-
cide-resistant pests, and environmental and
health hazards. There is serious concern
about the future availability of suitable con-
trol tactics, since the already-limited range of
tactics will be reduced even further as more
pests develop resistance to some chemical
pesticides and as Government regulations
remove other pesticides essential to pest con-
trol. Alternative control tactics are limited
and often are not feasible to use or are not
adequately effective. The evolutionary shift
to 1PM is too slow to have a significant impact
except in a few situations.

Option 2: Accelerate the Shift to
Integrated Pest Management

Pros: Under IPM, pest management is ac-
complished through a whole-systems ap-
proach that considers all components of the
agroecosystem that interact among them-
selves and with other components of the sys-
tem. Problems posed by resistant pests, de-
struction of beneficial organisms, and sec-
ondary pest outbreaks would decline; greater
management flexibility and ecosystem stabili-
ty would be provided while greater precision
in taking control action may reduce the need
for pesticides which, in turn, could reduce
the onset of pesticide resistance and health
and environmental hazards.

Cons: A substantially greater investment of
money, personnel, and time in research, edu-
cation, and implementation will be needed to
increase the speed of adoption of 1PM. In-
cluded is the high cost of educating growers,
agents, consultants, and others as well as
that of maintaining monitoring and delivery
systems. Congress could provide either mod-
erate or major support toward accelerating
the adoption of 1PM.

A moderate increase in commitment would
augment the present teaching, research, and
extension programs. With this increased sup-
port, 1PM could eventually replace most uni-
lateral pest control programs over the next
20 to 30 years.

A major effort over the next few years to
remove the obstacles to the implementation of
1PM would enable much of the potential of
1PM to be realized within 15 years. Under
1PM U.S. agriculture could achieve an in-
creased production while at the same time
providing maximum protection to man, his
crops, and the environment.
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To remove the obstacles to 1PM, the follow-
ing actions are all required:

provide increased funds and longer time
support for disciplinary and interdisci-
plinary research in the basic biology,
bionomics, and interactions of crop
pests:

provide increased support for biological
control and host-plant resistance efforts,
along with increased flexibility in pesti-
cide use and incentives for the develop-
ment of low-sales-volume, selective pes-
ticides;

create a federally coordinated pest and
weather-monitoring program, support
public information delivery systems, of-
fer incentives for the formation of pri-
vate information delivery systems, and

increase support for State plant health
clinics;

provide direct Federal support for pest
management training programs and es-
tablish regional pest management study
centers;

provide the means to make available in-
creased education, extension, and prac-
tical 1PM demonstration programs:
review the relationship between existing
food quality standards and pesticide
use; and

establish a clear focus of Federal intent
and assign to the U.S. Department of Ag-
riculture, the lead Agency, the responsi-
bility, authority, and necessary funding
to coordinate 1PM research programs
and to implement an adequately staffed
and coordinated information delivery
system,
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Chapter 1

Historical Perspective on

Crop Protection

Since recorded history, the impact of pests on food crops has been impor-
tant. Many practices of “traditional” and “modern” agriculture have evolved
because of pest problems. Without doubt, pests of food crops influenced the
course of civilizations-for example, the ancient Greeks and Remans knew of
and used pesticides in the Mediterranean Basin. Crop losses from pests during
those times were probably even more severe in the humid tropics, just as they
are today.

Over the 10,000 or more years that man has cultivated crops, he gradually
evolved production systems that ensured an adequate food supply for the family
or tribal unit from one harvest until the next. Seeds .were selected from plants
that survived the rigors of weather and pes% INTestatioNs; cultivation, planting
time, and other production practices were adopted that ensured consistent
rather than high but variable yields. At best, however, such ancient practices
were based on trial and error without the benefit of modern genetics, chemistry,
and cultural capabilities; they were only moderately effective and resulted in
relatively low and unstable production levels. Furthermore, effective means did

not exist to deal with disasters such as locust plagues and blight.

During the last century agriculture in in-
dustrial countries has changed from relative-
ly small, labor-intensive, diversified family
units to large, highly mechanized operations.
As production became concentrated in favor-
able areas and as monoculture, high fertility,
irrigation, and other components of modern
agriculture were widely adopted, pest prob-
lems frequently became more severe. Insects,
disease organisms, and nematode problems
were magnified, particularly on fruits and
vegetables, and weed problems became more
acute as those species most suited for the
new cropping systems proliferated. This situ-
ation was further exacerbated by the move-
ment of pest species from one continent to
another. Many of the most serious pests in the
United States were introduced from other
centinents.

As a result of the increasing need for meth-
ods to prevent losses due to pests, an impres-

sive array of crop protection technologies has
evolved. Included are pest-resistant plants,
cultural controls, biological controls, pesti-
cides, behavior-modifying substances, quar-
antine laws, and pest eradication programs.
Some cultural controls are not adaptable to
high-production agriculture: some pesticides
have declined in effectiveness: other controls
are used successfully to manage only a lim-
ited number of pests: none are entirely satis-
factory or universally applicable, Recently,
the increasing dependence on chemical pesti-
cides has raised concern regarding risks to
human health and the environment.

Pest-resistant plants were recognized in
the 19th century, but only in the 20th century
has breeding for pest resistance become an
active area of research. Numerous cultivars
(varieties) resistant to one or more diseases
were developed, and varieties of apples,
grapes, and wheat were known to be resist-

11
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ant to woolly aphid, phylloxera, and Hessian
fly, respectively. During the last 30 years the
development of cultivars resistant to major
disease organisms and nematodes has accel-
erated. The development of insect-resistant
crops has received less emphasis partly be-
cause of the easy availability of economical
and effective insecticides. Breeding for weed
resistance has focused on the ability to com-
pete but otherwise has been given little atten-
tion. Recently, allelopathy (the ability of one
plant to suppress another by producing toxic
substances) has received attention as a weed
control tactic.

Cultural control methods are as old as
agriculture and are used primarily for weed,
nematode, and disease control. These meth-
ods include sanitation, destruction of alter-
nate hosts and volunteer plants, crop rota-
tion, tillage, trap crops, time of planting,
water and fertilizer management, and use of
pest-free seed and planting stock. Although
cultural methods alone are not likely to en-
sure adequate controls, they often can reduce
pest population pressures and enhance other
control tactics. The availability of economical
herbicides, fungicides, and insecticides has
reduced emphasis on cultural controls; the
integrated pest management (1PM) approach
to crop protection has brought renewed at-
tention to these old cultural methods,

Biological control is the regulation of pest
organisms by their natural enemies and is im-
portant in pest management. Primarily, in-
sects and mites are controlled by this method,
but it may play an important role in the reg-
ulation of some disease organisms, weeds,
and vertebrates. Natural enemies are macro-
bial (vertebrates, insects, and mites) or mi-
crobial (fungi, bacteria, viruses), and may be
indigenous or introduced from other areas.

The earliest known use of biological control
was by the Chinese who used ants to control
insect pests in citrus orchards. Other better
known cases were the introduction of the
Vedalia beetle into California citrus groves in
1890 to control the introduced cottony cush-
ion scale and the control of prickly pear cac-

tus in Australia through the introduction of a
lepidopterous insect in 1925,

The importance of biological control was
not realized for many situations until certain
insecticides that affected a broad range of
organisms were used on crops such as cotton
and apple. This resulted in the removal of the
natural enemies for some secondary or even
previously unknown pests that then became
major damaging pests, The earliest planned
1PM control efforts were made in 1940 on ap-
ples in Nova Scotia in an attempt to use insec-
ticides and fungicides that would not inter-
fere with biological control of insects and
mites.

Pesticides have been used for more than
2,000 years but, until the last century, only to
a limited extent. During the late 1800’s and
early 1900’s, the first widespread use of in-
secticides was initiated, Arsenical were
used on potatoes, cotton, apples, and a few
other crops, Bordeaux mixture and liquid
lime sulfur were used on grapes, potatoes,
and fruits to prevent severe losses by disease
organisms. By 1903 crude but practical gaso-
line-powered spraying and dusting equipment
was in use: by 1915 the use of chemical insec-
ticides and fungicides on most crops had be-
come standard practice, The inorganic pre-
dominated until the 1940’s when DDT, BHC,
the dithiocarbamate fungicides, and 2,4-D
became the forerunners of a revolutionary
new class of chemicals, the synthetic organic
compounds. During the last 30 years the total
use of pesticides has increased twelvefold in
the United States alone; increases in the
developing countries have been much more
gradual, The latest figures show the rate of
increase slowing for fungicides and insec-
ticides, while herbicide use continues to ex-
pand until now its use far exceeds that of any
other group of pesticides. In 1977, 7 percent
of pesticide sales in the United States were
for fungicides, 35 percent were for insec-
ticides, and 58 percent were for herbicides.

Although microbial pesticides have been
explored, only one bacterium, Bacillus thur-
ingiensis, is in extensive commercial use at
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present for control of agricultural pests. one
insect virus is registered for full use and
several others have experimental-use permits
for field tests as the first step toward full
registration. It is noteworthy that commer-
cially produced Microbials are considered. by
law, to be pesticides. but the regulation of
pests by their ‘“‘natural’” enemies, which in-
clude microbial agents, is biological control.

Behavior-modifying substances such as in-
sect pheromones are a recent development
and their ultimate role in crop protection is
unknown. The pheromone Gossyplure is reg-
istered for control of the pink bollworm on
cot ton. They, and other attractants, are now
widely used to monitor insect activity.

Quarantine regulations originated in the
late 19th and early 20th centuries. Germany
instituted regulatory measures in 1873 to pro-
hibit entry of products that might spread
grape phylloxera. During the next 10 years
various States enacted the first quarantine
laws in the United States. In 1905 the Federal
Insect Pest Act was enacted, and in 1912 the
Federal Plant Quarantine Act was passed by
Congress. These regulations were based on
the concept that the spread of pests through
human activity can be prevented, especially
if a geographic barrier. such as an ocean or
mountain range, exists between the place of
origin and the area to be protected. Today.
the extent and rate of world travel and trade
has led to a reexamination of these proce-
dures in an attempt to adapt to changing con-
ditions. In 1974 Congress passed the Noxious
Weed Act which was not funded until 1978.
and then only modestly.

Eradication is the complete extermination
of a pest from an area and is permanent
unless the pest is reintroduced. It may be the
ideal method of dealing with a newly intro-
duced species. Eradication programs are po-
litically attractive because of their visibility
and because they offer short-term relief from
attacks of the pest involved, but permanent
success is difficult, if not impossible, to attain
for most pests with present technology. Eradi-
cation of the screw worm in the Southeast
and, on several occasions, of the Mediterra-

nean fruit fly in Florida are successful ex-
amples, but attempts to eradicate the com-
mon barberry, field bindweed. witchweed,
gypsy moth. golden nematode, and fire ant
have failed. Also the potential hazards to
human health and the environment must be
considered. Much concern exists that funds
and manpower so badly needed for other
crop protection efforts will be wasted on
futile eradication projects.

Integrated pest management (1PM) is a
concept of crop production incorporating ef-
fective, stable, long-lasting crop protection
components that minimize the negative side
effects of current pest control actions. As
mentioned above, none of the current control
tactics are entirely satisfactory or universal-
ly applicable even though U.S. farmers have
achieved a high degree of dominance over
many plant pests during the last century.

organic pesticides were first acclaimed as
the ultimate solution to crop protection prob-
lems, but experience over time has shown
that, for all their advantages with respect to
human health and conservation of food and
fiber, they have many limitations. On cotton
and a few other crops in some areas, pest re-
sistance to insecticides and secondary in-
duced pests have resulted in disastrous
losses. Biological, cultural, host-plant resist-
ance, and other tactics are all effective
against specific pests but have limitations
that restrict their general usefulness in crop
production. These developments have led to a
general recognition over the past two
decades of the need for improved crop protec-
tion systems. The 1PM concept developed in
response to this need.

*’Integrated pest management”’ is a term
that has different meanings to different peo-
ple. Definition problems have plagued the
1PM effort since its inception. It is an all-
inclusive concept that should be applicable to
all pests (weeds, plant pathogens, nematodes,
vertebrates, insects, etc. ) However, terminol-
ogy, control tactics, and strategies vary
among disciplinary groups so that it is dif-
ficult to arrive at a definition completely ap-
propriate to all interests. The term “inte-
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grated pest management,* as used through-
out this report, is defined as follows:

Integrated pest management (1PM) is the
optimization of pest control in an economical-
ly and ecologically sound manner, accom-
plished by the coordinated use of multiple
tactics to assure stable crop production and
to maintain pest damage below the economic
injury level while minimizing hazards to hu-
mans, animals, plants, and the environment.

In the above definition, 1PM is synonymous
with “’integrated pest control, ” a term gener-
ally used outside the United States. “Inte-
grated pest management” and “pest manage-
ment” are used interchangeably in this re-
port.

The current definitions of some common
terms used in crop protection are:

Pest—Formerly restricted in common use
to insects and certain rodents, now applies to
all noxious and damaging organisms includ-
ing insects. mites, nematodes, plant patho-
gens, weeds, and vertebrates.

Pesticides—Includes insecticides, miti-
cides, nematicides, herbicides, fungicides,
etc.

Strategies— Pest control strategies are the
general approaches or systems used to man-
age a pest or pests. 1PM is the strategy of
using applicable multiple tactics to prevent
pest losses.

Tactics—These are the specific methods
used to achieve pest control. These include
pesticides, pest-resistant varieties, cultural
practices, biological control, and others.

1PM in its broadest form considers all ma-
jor pests in an agroecosystem and is inte-
grated as one component of the total crop pro-
duction system, However, integrated control
tactics for individual or groups of similar
pests can be implemented without waiting for
the “perfect”’ total program to be developed,
These tactics can be modified, improved, and
integrated with control tactics for other pests
as new information becomes available,

Pest management is not a primary goal,;
rather, it is one component of the total crop
production system which is a series of in-
terlocking physical, biological, and manage-
ment functions all interacting to determine
the yield of a cultivated crop (see figure I).
Crop pests are important elements of the sys-
tem that interact among themselves and with
other components of the system; they are
managed not as a primary objective but only
as they reduce productivity of the system by
an amount greater than the cost of control.

As an organized, comprehensive approach
to the management of crop pests, 1PM pro-
ceeds through a series of steps in planning
pest management programs. These steps and
their underlying principles, presented in the
order of their priority in developing pro-
grams, are:

1. Identify the pests to be managed in the
crop production system (agroecosys-
tem). An organism should not be classed
as a pest until it is proven to be so. A spe-
cies may be a pest in some situations and
not in others. Pest identification should
be coupled with the establishment of
economic thresholds. (See no, 4 below. )

2. Define the management unit—the agro-
ecosystem. The limits of the agroeco-
system should be determined by the
characteristics of the local cropping sys-
tem and the patterns of movement of the
key pests involved. Multiple-species
management requires a “best compro-
mise” solution to the overall pest prob-
lems within the capabilities of the in-
volved farmers.

3. Development of the pest management
strategy. The fundamental strategy of
pest management is the coordinated use
of multiple control tactics in a single in-
tegrated system. The goal is to hold pest
numbers and crop damage to tolerable
levels. It is generally a containment
strategy rather than an eradication
strategy.

4 Establish economic injury thresholds.
The economic injury threshold is the pest
population level that causes a loss to the
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Figure 1 .— Diagrammatic Concept of an Agroecosystem
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