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preface. =~

’ Lo .
The United States, liC/ther nations, faces
a dilemma of 1ncreasmg foof”p tion ‘o
“the one hand and malntalnlng en{ul'fnmental
quality on the other. Pesticide use has contrib-
uted to the control of several major pests and
“has led to increased ‘rates ‘of food and ﬁbe(r
productlon But the accumulation of pestlc
- in the food chain, the possible reduction in the
populations of sonie fish and, wildlife, and the
potential threat to man’s health posed by some
pesticides have shown the need to seek yew
methods of pest control to supplement current. ,
practices. Neither the United States nor_the
world can afford reduced agricultural prod
tion, particularly in light of s1gn1ﬁcant pro-
jected population inéreases. Nor. can we Ye
‘complacent about environmental (dana&g%s and
health threats that can occur-from'pesticide use,:
especially when pesticides are used improperly.
Jn the United States, we are dealing - with -
~ this dllemma in twe ways:- The: President has
vproposed comprehenswe leglslatlon to regulate

)

o

- the use of pesticides.-Althdugh this legislation .

- 'should result in yuch greater protection to .
humans and the envifonment, in the longer, run
we need to provide more effective and environ-
nfentally desirable methods of pest control-This
- report deals with such. methods—collectiveld -

~ known as integrated pest management—which- "
are aimed at continuing pest control with mini-

mum adverse effects on the environment.:

. Through our examination of integrated pest -
" ‘part of an integrated pest management pro-

management, we have found that pest control”

can be improved, with reduced env1ronmenta1
dimpact and often at lowercosts to the user Such

" improvement does not riean’ the ehmlnat.ton of .

chemical pesticides. When used properl and

only when needed, pest}cldes W111 be an 1mpor-

q"\

" Quality began this study of altet‘natl\tg

, tant component of integrated pest manogement

-

progralns for years to come. . - .- .- =Y
Last fall, the Council on Envu‘onmontal

of pest conﬁxol*‘)% number of pest control ex-
perts were asked to serve in an advisory ca,pac-
ity and many others were consulted. We would
like to thank all of those involved fox;}helr
\assistance in this effort. A list of major gahtrib-
utors is included asan appendix to the report.

Our report focuses. an agricultural and forest
pests a
lesser £xtent, weed control. Most of the’ prin-
ciples discussed in the report apply as well to
other types of pest control and to’other pests.

Research-efforts, training prograims, and imple- "

methods .

mphasizes insect control and, to a .

mentation of integrated pest. management will-—-_

-"'have to Teflect the’entire range of pest control
,needs and"pests in order for thls approach to be

fully sucggssful.
Chaptdr Y 'describes the eanswe damage

associated with pests and the continuing’ need%
for pest control. It also contains a brief de= « . .

scription of the status of current pest control
practices and of some of the unforeseen conse-
quences of pesticides which affect both the en-

-viropment and the. adequacy of pﬁst control.

“Chapter II discusses what integrated pest
management is, gives some examples-of its suc-

r

\

. 'ﬂ;

K

cessful application, ind also describes some of . . o
the reasons why the concept has not bee}a ap-,./"'

plied more widely. v
.»The major techniques which can-be \1sed as

‘eram are described in Chapters/III and IV.

'Chapter TII covers genetlc, rnetabohc, 4nd ‘en-

v1romenta1 control methods Chapter IV deals
with parasites, predators, “micnobial. agents and
sterlhzatxon ' o . .



“The concludm«r chapter: ('()\’%I the role of . Wo hope that. this report will be widcly Tend
the Federal Government -in the development not only by the general public but throughout
and use of mtegmtul pest management. It out- - t,h/(f &gricultuml community as well, *
lines the significant new measures being taken . : T B
l)\ the Administration to stimulute tlns ap- -« Russern E. TraiN, Chairman
prouch,.fiom expanded lubomtmy research to , - Joun A. BusrErup
field application ind manpower tr. mm""q - Bearrics E. WinLagn
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The pest control policy of the U S. Depart-
ment of Agriculture embraces the concept of

dntegrated pest management. The policy of the

Department of Agriculture is to p )act:lce and
encourage the use of those means’of effective

est control which provide the least potential -

hazard to man, his animals, wildlife, and the

‘other components of the natural environment.

A continu'ing supply of wholesome and nutri-
tious-food, assurance of adequate-shelter, and

protectmn of the tangible and intangible walues-

of our natural resources are among the most
basic requisites of society today These essen-
tials of life can be maintained only if the de-
structive pests that threaten them are effe(;tlvely
controlled. '

No. smgle method of pest control will always-

\

<y

i~ Q

. variety of control methods offers the

P4

be:effective. ,We. must use a variety of control’

muthods selectmg the proper method or combi-
‘hation of methods for each situation. Using a

prom-

ise of effective pest control and the least poten-

tial for adverse effect on, the envirenment.

This publication by the Council'on Environ-
mental Quahty describes various techniques now
available, or in the process of development, that
may be used in an integrated system of pest
management. I hope that it will be widely read
.so that the concept of integrated pest manage-
ment can be more fully understopd and used in
our unendmg battle agninst pests

a
. ' 0

" E/\RL' L. Borz
 Secretary‘of Ag iculture

~
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summary

Pl

Throughdut history man has struggled

. against pests in order to protect his health and

“to provide an adequate food supply. In the
decade of the-1950’s, food crop damage due to
pests reached an estimated $14 billion per year

in the United States alone. Despite advances in -

_modern chemical pest control, extensive pn\ét
dumagc continues,

Prior to ?\e late nineteenth century, plowing,
plantingy,gng
methods usdd to control pest levels. Toward the
turn of the century and up until tlie mid-1940s,

“organic plant derivatives and minerals, such as-

1 watering schedules were the mam"

sulfur and arsenic-containing compounds, were .

‘used for pest control. Over the last.3 decades,
they have been largely replacéd by synthetlc
chemical pesticides. )

‘Development of synthetic chemlcnl com-
pounds faised the hope that problem pests could
be permanently pont1'0115(1 within a decade. But
this has not been the case/.)\Vhile the use of
chemical pesticides has increased production of
food and fiber, it has.also resulted in some un-
desirable side effects. Some pesticides are both

¥
persistent in'the environment and able to ac--
-~ cimulate at progressively higher concentrations \ Once these‘plex entive measures are tqken the

up the food chain. This process’of biomagnifica-

tion for an extensively used chemical may cause
man and wildlife at the ¢op of the food chain
to recene\lmﬂe exposures to the substance
simply through ingestion of food.

The current shift away from the use of pex-

* sistent chemicals has resulted. geherally, in the

use of more ncutc]y toxic matérials. An increase
1}, pest1c1de poisoning may result_from this
ansition.

>

‘cases, insect -and_plant pests havef

In mmz
built up resistance to pesticides. requiring ap-

plication” of more dnd more pesticijes—often

.

with dllnllllshlllﬂ‘ results.

iy "

Degpite the recent emplmsi!on clremical pesti-
cides, & number.of pr:omising alternative pest ’
* control techmques have been used to va;'ymg

degrees. Thege involve environmental mumpu-
lations or cultyral methods (such as clmnges in
p]nnti’l‘f‘g, plowing, fertilizing, and wa

may} result-in reduting the overall need for
» cherhieal pestxc1des

ntegrated pest management is an approuch

"which maximpizes natural controls of pest popu-

* lations. An analysis of potential pest problems

inust be made. Based upon knowledge of each .

/ pest in its environment and its natural enemies,

farming practices are modified (such as changes
in p]untm«r and lmn(-stm,(schedules) to affect
the potential pests adversely and to aid natural
enemies of the pests. If available, seed which”
has been bred to xomst the. pests. should be
‘planted.” * .~ o i

fields—re monitored to detergnine the levels of -
pests, their natural enemies, and inportinat en-
'\ilonménta] factors. Only when the threshold

level at which significant crop damage from the
pest is likely to be éxceeded should suppressive

measures be taken. If these measures are re-
quired, then the most suitable technique or
(ombmqtmn of techniques, such as biological

\ conho]s, use of pest-specific diseases, and even
selective use of pLSthKlLS “must~¥e chosen to
control a pest while causing minimum disrup-
tion of its natural enemies. This approach dif-
fers markedly fxom the traditional upphmtlon
of pwhculos on a fixed %chodule

Vi
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'A growing pest management industry cen-
[ o) = [ o) R

‘toredl primarjly in the Sout)iwest and West has’

shown that integrated pest management ean be
both eﬂ'ectiVL and econontieal. Although cwi-
*ano of its overall economic udvn'ntnfro is still
Mcomplete, its'economic benefit for crogtwhich
use relatively larfe amounts of pesticides, is
clear.. Chapter IT of this report gives sevoral
dramatic examples of cost reductions nclueved
thmugh the use of integrated pest-management.
For crops using less pesti®ides, the economic
advantage is likely to be smaller except where
yields are inereased by, improved I}i*st control.
In general, use of the integrated pest manage-
ment appxon\qll\nlmu]d lead to greatly reduced-
envxronmentﬂl Contamination fkom pesticide
use and to many fewer problems with pest
resistance and secondmy outbredks while mz}m-
taining or iinproving our current-ability to pre-,

vent_pest damage.

In spite of ifs many benefits, integrated pest
management j§ still .not in. widespread use—

“probably becfuse of a variety of attitudinal fac-

tors as wb]l ceqomic: and I)‘?lSOll]l(‘] con-
straints. " Some of \tho 10¢sopsxcmc]ude the

farmers’ lack of incentive to change pest control

‘practices, the complexity of these new manage-
ment techniques. fear of crop loss, inadequate.
. information on cconomic threshold levels, an

inadequate, éupp]v of trained professionals, and

~a'limited numbet,of fully developed nonchemi-

cal or -(Seleetive chonncq] control methods. :

Development. of these altefnatives doponds.
upon research and upon knowledge of the po%
including its behavior, metabolism, an(Lthe im-
portant ccological factors which affect it.

The Federal Government has initiated pro-
gl'mhs; to overcome these obstacles and to
enmur(&ge the developmentand use of il'ltom ated
pest- management. 'Illose programs’ \\ero ont-
lined in the President’s 'Firvironmental 2
of Febr uary 8, 1972, To aid the developmjent of
new techniques, the Dvpdltmont 0} Agriqulture
(USDA), the National Science Foundation

o

Athe

[essage .

~-

. y

(NSF), and the Environmental Protection
Ageney are itiating a now $3.5 million-per-
vear resenrch and development effort to develop
integrated pest. management techniques. for
major ,crop systems.; The T'SDA will cond t
extensive field ‘tests of promising nely methods
of detectioh and control. This. progr afh required
$800,000 in fiscal year 1972 and involves an ex-
penditure of $2.8 million per year bocrmmng in
fiscal year 1973. . °

To demonsn.ltv the otfoctwones‘;of mtegruted
Phst management, the Pr esident- has offlered a ~
review of the more than 3, 80O Fedéral pest coh-
trol Nrograms to (lotelmme whicl of then may
atilizeythis technique. Further, the UTSDA. is
.expanding its pilot field scout progr anfito l(ﬁuce
furthef the wolume of pesticides used. This 8-
year rogram, which initially focused on Lotton,
is bying e\pnnded to other crops w luch ufe large
ntities of pesticides.
Irr order to expand training of professional
itegrated .pest inanagers, the Departments of
Agriculture and Health, Educatiod, and Wel-
fare afe suppleménting an éyisting program in -
NSF to develdfthe necessary-curriculum and
trmining progragys at appropriaje.academic in-
stitutions. The [YSDA also, will cooperate with
the States to dggelop programs in land grant
colleges for certification of private professwn"t]
crop protection spe(‘mh%ts :

The Federal Government is also cm‘rently.
* developing standards to plevent agricultural
workers from receiving hazardons exposures to
chemical pesticides. :

Integrated pest management -holds the
promise of\bo\t:‘r pest. contral with ininimum
adverse enviroyrinenta)- effects at lower costs to -
farmer. Bnt i'ts‘ widespread ndoptlon
depends.on surmounting a host of technical and -~
-attitudinal barriets. The Federal Government
can help, but the long-term success of integrated
pest nlznlutrmiwllt depends upon the States, the
nniversities,the private Qtwrl -ated pest manage--
“ment industry, and ultmmtvl\ tho fnmm

P
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'Ilnontrh(mt lnstm\ pusts 11 ave  thre: Lt(‘nLd [)I(‘\(‘nt rate of p pulmon m(l("lso. it may be

man hmlth and lis. xuppl\ of food and fiber, . 11(((=as.11y to doubld or tnplv agrienltural pro?
' Bll)llml days. 6enst . invasions (Ielt(‘d‘ . (lu(‘tmn to meet tlu- world’s {oml recitirements

!
- fairg 5 X hmtrns disease spread tlnoutrhout “over the next 2 or (lo(‘ul(s (1) Toredts are
’ emsing the potator fupine o.nl\ 1n‘the ‘Allllll ”]\ thre 1tono(l. o ,
1 \3 H A} k) 3 Y " - . ) .
19th dufury. Later in the century, tlu Colorado _ “ orldwide, miodern’ technologies havd cn-

‘potato, Deetle ravaged potato erops tlnoulrlmnt ' . . .
boti L ps- - (gendered o new age in agricultural produetion
the U mtvd \t.lt('s Duri tng the period 1951- 60, s T et e . ’
often called “The Green 1\('\'0Iut In recent,
(UTIlLllltllI'l] (I'DI) fosses due to pests reached ¥ S ; g
years.maifhias lear ned to “‘I owmore on fegs Tand
an estimated 31483 billion per year nuﬁhvl nited. L | & 1 plaht
ce «and.to obtain grea o viel romrcach plant.
States alone. (65) Tosses of - forest. gmd shade to o tl“ eater yieyds 1 plant,
\treos and damage to \\00(1 in Storage are esti-

mated” at._mgore ﬁnn &1 Billion annually. (’1) gation, improved culturalpractices, new pestici-
" While m.m struggles 1o 1)10<lu< e cnough f dv s. and fmtlll/o“fs have :11 mer ibuted to this
and_fiber to meet his curreht needs. populati 03% 1c\olnt10n (See Figuppd. ) o .
l"lO\\t]l fmt'hm (lmllmr(rvs his futmo \t the - To sn%tlln tll('\(ﬁ/]“‘ll(‘l vields, b(-ttm pvst
) . . N ; - : e
! - .
- ’ v
o ) ' N
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Figwe 1 v .
0.5 Harvested Yield por Acts, -
Com and Wheat, 1870-1570 (63
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1940

¥ Excludes met exporh .

1 will be requirgd.*-New hybrid varieties
of corm\and wheat have been planted through-
out the yorld, but while offering higher yields,
they arg often more susceptible to pest dam-
age. Moreover, the densely planted and geneti-
cally ‘uniform stands ploxg}lg,g_,mou favorable
environment for pests and‘diseases. In 1968, the .«
-Food_ and -Agriculture Organization of the.
’ United "Nitions reported that increased?yields
‘ obtained through improved.seed varieties, ferti-
lizers, and farming methods were in danger of
. being destroyed -by pests and disease. (60)

‘AlthOuganot the subject of thh report modern lntonshe
agriculfure has also produce® wocial slde effects, such iy
changes in land ownership and {n migration from rural to

R urban areans. Such side effects lllustrate bhoth the need for
v and the complexity of adequate technology assessment.

Q
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" Statistics collected by thg’vDépartment of Agri-

culture show that losses due to insects and dis-

eases in the United States have increased both

nbsolutely and as a percentage of crop value

since the 1940’s but thut the opposite was true:

for weeds.

Thiss, although man hag made great progress
in developing more efficient agricultural meth-
ods, improved pest control techniques are
needed more than ever before. ,

development of chemical pesticides

Losses due to pests were simply taken for
- granted before the advent of modein pest con-
trol practices. With the trend toward intensive
farming, cultivation of specialized crops in-

. c1eased imbalances in nature which provided

favorable conditions for pests to multiply.
- During the late 19th century, U.S. agricul-

tyre,
\& commonly used untumllv derived chemi-
cd&/ﬁ‘pmvent pest damage. ‘These materials
are of twq types: organic (carbon-based chengi-
« cals, usually plant derivatives) and inorganic
(noncarbon-coiitaining compounds, predomi-
“nantly of mineral origin). -

Rescarch about the time of World War II
" demonstrated the peﬁtmdal effectiyeness of sev-
em#\\nthetlc organic compounds.” Perhaps the
most yenowned of these (‘ompmmds. the insecti-
cide DDT. soon proved useful for controlling
b large” numbel of nrrucultmalsgnd forest in-
sect pests. )

While cultx.lml practigesgnd crop strains ge-
netically’ resistant’ to pest wpage coutmue to
be mu]ox f:tctms in contloll'nrr Ppest concen-
trations, the spectacular pest-killing properties
of pesticide chemicals have caused farmers and
forest managers to rely incre 1smfrl\ on their
use. In many cases’the use of pesticidal chemi-
cals has significantly changed farming and for-

¢

<

by then a commercial production indus-
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estry practices. For example, herbicide use
ofter, reduces the need for crop cultivation. and
t uf‘alléws closer spacing of planted rows.
" Research initially con_céntl‘ated on the 'r_fsec-
ticidal properties of synthetic chemicalsy but
major advances soon occurred in the develop-
ment and use of chemicals for the control of
weeds, fungi, and nematodes (worm-like soit
.inhabitants). The use of weed control materials
"has grown most dramatically .in recent years.
Mb_re progress has been made in the control of
plant diseases during the past 30 years than in

.
«

all of the preceding history of scientific agricul-
ture, due'in large part to the development of
new fungicides and baetericides. (61)

As a'result of large-scale testing of chemicals

L 4 . . .
Jover he years, nearly 1,000 ¢hemicals in over
32,000 pesticide produxts are currently regis-

tered for use. (67) Figure 2 shows the produc-

tion of synthetic organic insecticides, herbi-

cides, and fungicides from 1950 to 1970.

Despite the tremendous growth and impact -

of pesticide use, data from the most recent sur-
vey (1966) conducted by the Department of

S . _
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Agriculture indicated "that of the U.S. acres y
,under agriculture, ingluding hay gnd pasture-
lind,* only 5 percent was treat d with insecti:*
cides, .12 percent Wlth,, herbi , 0.5 percent
with? funglCldé\ and only-0. ércent with
riematicides (chemlcals for k -worm-like,
soil-inhabiting pests). (67) percentages_
_would probably be greater today, especially for
- herbicides... _~

The extent of pest1c1de use depends heavily
“on crop and regional consldera,tlons For exam-
“ple, cotton and corn accoun,ted for almost two-
thirds of all ‘insecticidé use, and corn alon
Hecounted for 4],ﬁ)ercent of-all herbicides a 6@
plied in agriculture, Despite the fact that cotton
accounts for almost one-half the agricultural use
of insecticides, an estlmated 46 percent of the
total cotton® acreage received no insccticide
treatments. (66,67) (See Table 1.)

.
>

<

; K
0r" the 891,000,000 U.S. acres under agriculture, ‘nppmxl
ely .)40 000,000 are hay and pastureland “hiqp recelr

e, but-a smnll frnctlon of the total postlcl\(y/

" contamination of the environment

e

>

Pesticides have -1-)1‘0\'ide(¢ control of many

. major agricultural and forest pests, but adverse

environmental effects have resulted inua reexalu:
ation of some of them, especially insecticides
and, to a lesser extent, herbicides. The effects of
mest concern are persistence, biomagnification,

- -and toxicity to nontarget organisms.
. Pegmistence—the ability of a substance to re-_

n its chemical 1dent1t3 and .biological activity
‘in the envirohment for long periods of time—is
considered desirable for continued control, but -
it also causes some environmental problems. If
a chemical is persistent—for example, DDT or
Mirex—its continued use will result in accu-
mulation in the_environment until an equilib-
rium is reached. Tlle maximum level of accumu-
lation of a chemical depends upon its degrad-
ability and the rate at which it is- introduced

‘into the environment.

g - -

4

. Tablel 2 .
Festicide Use on Several Agricultural Crops In the United States (46) I ;
7 " v
> ° Insectlcldcs Herblcides- - Fungicides
e \ . Crop acres as
© - 3 a percent of
Crops - Crop acres Amount or Crop acres #Amount of Crop acres . Amoufit of total agricul-
* < treated agrkultuml treated agriculturat , treated agriculturat tural acres
L P (percpnt)f ~insecticides (pgreent) herbicides " - (percent) fungicides .
Syt used (percent) . used (percent) | used (percent)
A : < . . . -
Nonfood . leoeveve o 1 50 0.5 NA 0.5 NA 1.26
) 54 47 52 8 2 1 1.15
- 81 3 | 2 ‘NA . 7 NA 0.11
- 4 NA! 11.5 NA | - 0.5 NA 98.74
NA NA | NA' NA NA 19 NA
3 17 51 S \u 2  NK © 143
70 NA 63 3 35 4 0.16
10 NA -52 2 0 NA 0.22
2 NA 28 7 0.5 NA 611
Soybeans. ............... 4 , 2 37 \ 9 0.5 NA 419
Pasture, hay,und range. ¥ 0.5 3 1 9 . 0 NA 68. 40
Vegetables........1.......% NA 8 NA B P NA < 25 NA
Potatoes................. 89 NA 59 | NA {24 12 0.16
Fluft....sc.....t..l. NA 13 NA |~ NA NA NA, NA _
CApples__...o...o......... v 92 8 18 NA 2 | 38 0.07-
Citrus_.... PP S .97 - 2 29 NA 73 13 0.08
o
AllCrops................ e, 5 154 ‘12 136 0.5 110 NA
v 1 Percent of total agricultural pestlc}‘a. .
NA=~Not avallable. . ke
B - e
J , v
1 ; \
v ' s ’\4 -

O
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A perisistent chemical may concentrate in ani-
mals or plants and thus enter the food chain of
both man and wildlife. If 2 chemical is used
extensively and is biomagnified, so.that can-

_céntrations build up in the food chain, K
wildlifest the top of the food chain may receive
a large exposure to thes ince simply through
ingestion of food, An example of increasing con-
centrations of somé chlorinated hydrocarbans
due to biomaghification is given in Table 2.

. Biomagnification and_persistence are a par-

ticular source of concern when a chemical is.
capable of causmg biological eﬁects, eg., if it

is acutely . f)ox'lc, carcinogenic (cancer-causing),
teratogenic (causing bu'bh defects), or muta-

. genic’ (causing genetic-glterations) or if it is
,capable’ of causmg other chronically toxic

OOndlthIlS

© Table2

* Resldual éoncentrallons of Chlorlnated Hydrocarbons In
Lake Michigan (32) ,

Medium : . Residutes (in parts
o e Y . per million)
Bottom sediments. ...l o iieeoaeaoaio 0. 0086
S8mall invertebrates. ) 0.41
- Fishes........... R .- 3.0-8.0
Herring gulls..... 3177

Persnstence, blomagmﬁca,tlon,» and toxicity

have been the basis for challenging the use of a-

number of pesticides. It is now clearthat poten-
tial environmental effects must be weighed
heavily in the design of new chemical pesticides.
~ Concern over the environmental effects of
some persistent chémicals with low acute tox-
icity is resulting in increased use of substltu

that are less persistent but often ‘more acut(ﬁy

toxic. One consequence may be an increase in
the number of human poisonings resultmg not ,

only from accidents and mlshandlmg but also
- from the exposure, of field ‘workers to contami-
“nated surfaces such as sprayed foliage.

(RN !

. M

nand -

- ecological disruptions

Two other important side effects of pesticides

are the development of pests, resistant to one or
more chemicals and th¥adverse effects of pesti-
cides on natural pest enemies. Although not
direct hazards to health (except fog resistant

vettors of disease), these factors are of great

environmental and agricultural concern.

The ability of pests to develop resistance to

pest1c1des dramatically demonstrates a form of

- microevolutipn. The susceptlble pests are killed, ’

leaving only those that are genetically resistant.
Resistant individuals constitute an 1ncreasmgly
large part of the pest populatlon and pass their
resistarice on to futurg populatlons Ifall suscep-

tible pests were killed by a pesicide, an entire

population y would be resistant.

By 1944, ‘some populatlons ‘of 44 insect spe-

cies were known to have dev_eloped resistance

to various insecticides. Current estimates place. . -

the figure somewhere over 230, half. of which

aré of agricultural. importance. (13, 83) As .

~aore chemicals become useless. against certain

species, the problems of pest control increase

concomitantly. Populations of some insect pests.

have now developed such high levels of Tesist-
ance to all insecticides” reglstex;ed for use that
substitutesmaterials are no longer available and

insecticidal control' is not recommended. For

example, the soybean looper (Pseudoplusia
includens), a seghus insect pest, can no longer
be congrolled with any ‘insecticide reglstered for
use on the soybean, (42) -
Similarly, the resistance of some mosqultoes,

1nclud1ng the malarial species, has been build-

ing up. In Central Amezlca, where public healt}{
authorities have been combating malaria by
spraying insecticides “inside houses, mosqulto
resistance to dieldrin was first encountered in

-\1958. It was found that the long and intensive

use of agricultural pesticides in Central Amer-

. ica caused insecticide resistance in-Anopfeles

albimanus, the prmc1pal malarla vector of the
. A

« , bRg
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area. It was subsequently discovered that t}ge

mosquitoes began to exhibit resistance not only"

to dieldrin’but also to DDT (like dieldrin, an
organochlomne compound), malathion (an
xorganophbsphate), and propoxur (a carba-
- mate)—all the insecticides currently available
for -malarial mosquitoes. (14)
In the Canete Valley, in Peru, cotton insects
were.controlled with arsenical and“nicotihe sul-
fate prior to 1949. The average.annual yield of

" cotton was 470 pounds per acre, A heavy out-

break of cotton bollworm and aphids occurred-
in 1949, decreasing yield to‘ 326 pounds per
acre. From 194940 1956 growers relied heavily
on DDT, BHC (benzenehexachloride), and
toxaphene; they also changed' cultural prac-
tices and . varieties grown. Initially, cotton

yields nearly doubled. However, the béheﬁc;ai'a

insect populations were decimated, and one by

one the insecticides became ineffective as resist-

/
ance to them developed. In spite of increased
app]lcatlons, pest insects became’ rampant in

. the fields, and the 1955-56 season ended in an, -

economic disaster. Subsequently, an integrated

pest management program was introduced, and ’

yields are now averaging more than 700 pounds
per acte. (54,61)
Although extreme, these cades lndlcate a seri-

ous problem. Fortunately, resistance has not

proceeded as rapidly and completely in all of
the major insect pest species. However, it does
appear to be perilously near in some of the most
important insects in the United States—the boll
weevil (a'rqajdr ¢otton pest), bollworm (a.pest

© on corn, cotton, and tomatoes), tobacco bud-
*worm, sugarcane borery

nd rice water weevil.
(42) A serious outdome of the resistance phe-
nomenon is that when it appears, no satisfac-
\ tory- pest1c1de substitute may be available.

.+ Resistance has not yet become ‘a problem in

weed control, probably because of the slower
reproduction rate of . weeds 4than of insects.
Often, what appears to be resistance in a plant

s/

species may -actually be the replacement of a

spider niites, or thrips results in the reduction,

species by one that is relatively less susceptible .

tothe herbicide used.
The apparent ineffectiveness of a pesticide
does not ‘necessarily indicate pest resigtance.

Pest control effectivenesscan also be reduced-
Dby the destruction of natural control systems.’
Only a minute fraction of the *total numpber
o insects and plants in the environment is

‘pests. When at normal” population densities,

most ingects and:plants pose no threat to culti-

vated crops, and many are important to the

health and stability of-the environment:because -
they control other potentially damaging species.
»Many synthetic chemical pesticides in use:

today have broad-spectrum effects, that is, they

are lethal to 2 wide range of organisms, includ- "
ing | beneﬁcml competitors, predators and para-

sites of the target pest. When populations of

cally reduced, their natural énemies are gener-
ally even more severely affected. A resulgence
in the pest population can then occur, with con-

sequent increased damage to the crop. Asan.
example, pa

thion applied to cole crops (e.g.,
cabbage and broccoli) may reduce the number
of preédacious or parasitic insects by 95 percent
while reducing the pest species by 10 percent or
less. (69) Even when the ngtural-enemiesare
not'killed, temporary elimiyfation of their hosts
can cause them to emigrite, leavmg the crop
fields v ulnerable to the return of the pest species.

.Thus, ill-chosen pesticides or ill-timed applica-
tion can cause pvohﬁeratlon or continuation of

1a pest infestation.

Sometimes use of broad-spectrum pest1c1desf-

causes msects which. were controlled naturally
to increase 1n number to such an extent that
they become pests. "This occurs because the in-
seets’ natural enemies are killed by the pesti-
cide. Hence, an insect can be made a pest by
improper use of pesticides. )

o S~

~ insect, nematode, and disease pests .ate dra.stl-v L
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Secondary pest problems often v@r'in Cot- contmued partml control of a pest populatlon
tod. Early season treatment for lygusg, aphids, by maintaining parasite populations.
~ of many beneficial ihsects. Thus, later treaty Other examples of ecolovl\ch’l interactions
'\ ment for ‘bollworm (Helzotlws ze \g_hlch that affect pest management can be cited.-Herb-
thr1ve§ in a. predator free env1ronment is icides may increase or decrease insect pest prob-

_required. lems by altering the habitat of the pest. or its )
The ladybug, Vedalia, was mtroducéﬂ into natyral enemies. Some pesticides temporarlly '
California from Australia because it preyed ex- . - alter soil fertility and the availability of plant ,

tensively on.a major citrus scale pest. For 60 nutrients by killing or inhibiting the activity .
_ years .this beptle prov1ded effective control in of soil miéro-organisms. (6'1)=Thé sequence in ‘1{

citrus groves. Yet when DDT was used for in- . which crops are planted in an area can'aﬁect = A

séct control in 1946, the number of ladybugs  the level of important nematgdes, insects. or dis- L
~“was greatly reduced and the scaldProblem re-  ‘ease incidence. More venerally, chan«res in till-

appeared. Upon the withdrawal of DDT, ¢on-  age practices, in water insnagement, in fertiliza- - :

trol was again established, althoygh not for'3  tion, and in other crop production activities can

years in some groves. (50) (See Figure 3.) . . alter the agro-ecosystem sufficiently*to affect N

Sometimes a carefu}"fyo supervxsed and timed significantly the average. densities of pests.
insectigide application can kill pests without= More selective chemicals and applicefion ‘

- dec1matmg the pests’ natural enemies. The host techmques are needed to minimize the chances.
A insects occasmnally can be killed at a time in the of ecolBgica] disruptions when applications are’
parasites’ life cycle when they are least susceP-  required. Widespread usé of brond-spectrum
tible, for example, while the parasite occupies. pesticides, particularly msectlades, often leads
the body of the pest. (20) In such cases, proper  to development of resistant pests and to dis- -
timing of pesticide applications may allow for  pruption of natural control systems, creatmg :
Yo o ‘ _~  more prolglems than are solved and adding con-

¥ooo) o " “ siderable expense for the user. If the natural -
Flgue 3~ TP : -~ +coritrol system is badly disrupted, damage may '
- A-History of Scaleon % ~ T - o ... eccur until the natural equilibrium is restored. .
California Cltrus (50) ., % _ R | would seem that the best way to reduce

e .
' pestlclde prohlems is to eradicate our major~

3

lntroductnon of .-

Scale Insect pnd Beetle . agrlcultuml aipd forest pests. Only under rare
/ ®esurgénce proguced by g cnucumstancel.; however, is complete pest elunl-' -
T éoor in San Joaquin Valiey . nation possible. In general, pest eradication -
\ _ ' with chemlcals is difficult if not impossible wwhj v
Z ' . current technolon‘y And even if feasible, in. - o
gl - Economic ' most cases the costs would be prohibitive. One
k) —' ?,—';":' - 7 [-e-;le'¥ - — of the few circumstances in which an eradica- = - ~
z B - tion attempt with pesticides may be justified, ’
E L . «:however, is to prevent the spread of an ex-
- =\ ’ - tremiely localized outbreak of a pest of foreign
equilibrium : iﬁ'lo'm (Despite the efforts of quarantme offi-
‘p'om'“;n 'l' . | " cials, new and dangerous pests may be ‘acci- -
01868 1sss_ss 1892, ] 1947 dentally introduced.) ‘ : .
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. summary -

» . : A,

: ‘a‘d’é'a_uate pest control ha,s never
greater than at ‘present. The use of some -
icides, however, has‘resulted in unintended
s1de effects avhich either create environmertal

. problems or reduce their own effectiveness. Not

all*farms and forests_are exﬁeriencing these

. problems, and they need not. When used at the

rlght time and i in the rlghfj way, pesticides can

. . '
, -
« .
. .
e N . . i

*

-~

be effective for years to come. Even.some non-

selective pesticides, when properly- used, are'

llkely}o play an important,. contmulng role in -

effective pest control. .

-*Pest contrpl methods can be used to lmprove
control effectiveness, minimize adverse enviton-
mental impacts, and reduce overall control costs.

‘Chapter II describes the nature of integrated

pest management. The tecliniques which can be
utilized in applying integrated pest manage-
ment are discussed ir* Chapters IITand IV.

>
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... chapterii
integrated pest '
management

Integrated pest management is an approach
that employs a combination of techniquesto con- - i
trol the wide variety of potential pests that may
threaten crops. It involves maximum reliance

natural pest population controls, along witha *

mbination of techniques that may contribute .
to suppression—cultural methods, pest-specific
diseases, resistant crop varieties, steril® indsect}s,
\\ attractants, augmentation of parasites or preda-

\ tors, or chemic‘alJ pesticides as needed. A pest )
~management system is not simply biological »* - .-
{ control- or the use of any %ihgle -technique. ',

Rather,; it fs"an-integrated -and comprehensive . ’

‘pproach to the use of various control methods

that takes into account the role of all kinds of
pests in their environment, possible interrela-
tionships among the pests, and other factors.
" Components of a control program will vary
with the type of pest, the nature of the crop,
- and the environment in which it exists. For ex-
- ample, cultural practices involving early crop
maturity, harvesting, and destruction of cotton
stalks may be an important and practical aid to
boll-weevil or pink bollworm control in South-
ern‘regions, but these same practices would con-
tribute much less gg\.Northern cotton-growing
“-areas. A o . .
Sometimes pest management is confused with
organic gardening, a method that, does not use
_synthetic chemicals. Although in many cases
'syntheﬁc chemicals are not used on a crop dur-
ing a given seasof), the purpose of integrated
pest management is not to avdid the use of
chemicals but to use the most effective and en-

9 -
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'  .‘ noticeably improved. o
|\ With careful monitoring, disruption of the
" lecology can be min%!nized. Because most crops

10

» o L . : .

L Gontrol e
. The three ma

need -for further measures; and using the most

appropriate technique or combinationt'of pest’
suppression techniques, onlyh)vhen necessary, to

. prevent economic "dhamage to the crop.
~ As will be demonstrated by later examples,
crops under intggrated pest management need
-not produce lower-quantity or -quality yields.
In fact, beth the quantity and quality may be

tolerate varying levals of pest populations, ap-
plying pesticides or taking other action is not

necessary until it is apparept that these levels -
will be exceeded. Control measures are necessary

only when a_pest has redched or is m‘pidl‘y ap-

- proaching an econorpically damaging leveland

there are indications that natural control mech-
anisms cannot prevent damage. Only through
monitoring and knowledge of economic injury
_levels can the real need for pest control be
determinéd.« - '

Approximate economic thresholds have been

established for some of our major crops. But

thresholds need to be ascertained for a great

many m¢ re crops, pests, and physical conditions.

Economig threshold levels muy vary. from erop -

to crop and from area to area and are dependent

to some extent upon rainfall and ofher weather

conditions. Further, economtq threshold levels

will vary during the courge of development of a _

crop. It is expected that threshold data will have

. to be modified as farming practicés change from

year to year. ‘

. \in components of anvirkltegrut,ed
o "i)ési;:mahagtfment_y rogram are: maximizing ex-. -
. istinggnatural co’ngrols, predominantly by cul--

- -tural methods, to pievent the: buildup of pests;
monitoring the conce rationrof pests and nat- - -
ural control factors present to determine the .

" on what

r

=

-+ vironmentally sound pest control technique or /  The economjc threshold will tell the ;fa&er
" combination: of-techniques for long-range pest .

g crop protection specialist the level of pests
that.can be tolerated without significantly dam--
aging the‘crop. Monitoring of pest populations
and natural contirolling factors can establish the

ed, or the lack of need, for control measures.
nﬁ’opulmion assessment is achieved in a variety

‘of ways, depending upon the crop and the types

of pests invblved. For example, some of our
major insect pests may be mofitored by traps
baited with natural or synthefic lures or'by .
light traps. Tt is likely;that this technique will
be used to 4 greater extent as research: pYo-
gresses. However, the most common methodjcon-

_sists of field syrveys condneted by pest control °.

scouts, using monitoring techniques that have

“been develop'ed.for many of our major pests.. ~~

Field scouts survey the types and concentra-
tions of beneficial insects, other natural enemies,
and important physical and climatic conditions

: in an area. An experienced crop protection spe-
“cialist can judge from these data the need for
-action to mitigate developing pest problems. |

"The benefits of using field scouts in supervisel
pest control programs, demonstrated on a small
scale for several years in many cottan-producing
States, are being further demonstrated by two
cooperative Federal-State projects iffitiated in
1971 by the U.S. Department of Agriculture
(USDA). These projects involve cotton in Ari-

. zona and the Southeastern United States and |

tobacco in North and South Carolina. A scout,
usually of high school or college age and with
some knowledge of entomology, is trained to

* identify and measure detrimental and beneficial

insect levels. Each scout covers about 1,000 to
2,000 acres. He collects data and réports them to
an agricultural extension agentfwho compiles
the results. The agent then advises the farmer -
pes of controls, if any, are necessary.
The use of scouts has resulted in some dra-
matic benefits and changes in pest control prac-

tices. The maney suved from reduced insecticide .

use more than compensated for the cost of the

o

J
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ﬁeld monitoring. In the cotgn program, for ex-
ample, the $1.00 to$1. 30 per.acre cost for usin
soouts resulted in a larg® reduction of total

control costs. Overall, it saved the farmers 1n'

the  program more than $2.76 millidbn orf 220,00
cres-(62), or $12.50 per acre less than the coft
of the average chemical controls used on cottop.

/ The greatest szf\rmgs gecurred where pesticid
were preno‘\sly applied routm?ly throughout .

the growing season, withott regard to pest pop-
ulation levels. Average yields per acre actually

N 1ncreased from this program.

Althoug'h surveillance is used to debect the
bulldup of pests, every effort should be made to
prewent elévated pest levels from occurring in

pest buildups. Changes in fertilizing, planting;

and irrigating schedules can create conditions « and natural enemy conditions, and on using

- unfavorable to a pest. Use of ground cover crops

1

pending upon the crop, pest,

and similar methods can often produce a more
favorable environment for pest ‘predators and

- parasites. These measures maximize the exjsting

natural control system, the key to-good pest

.management. -

When surveillance shows that apest popu“la-
tion is rising to damaging levels despite meas-
ures taken to foster the natural contral system,
steps must be taken to prevent crop injury. De-
geographical lo-
cation, season, weather, and a \"auety of other
factors, one or more techniques can be employed.
In the interest of long-range pest control, the
‘method selected should create .minimal ecologi-
cal dlsruptlon Only w hen pest populatlo,ns are

\{ -

fring p%ﬂators, parasites, bacteria, and viruses,
- lare vital to the reduction of pest problems. Any
v significant decrease in the levels of these bene-
ficial contrgls can cause other plarit and .animal

incréase to damaglngUIevels is
unwise to rely on any meth d that

upt the natural control sys ‘even
tempo arily unless there is great certai Jlty that

the target pest can be permanently eradicated or
unless other alternatives fadl. Methods fer con- -
trolling pests should either foster the naturally’

occurring. controls or be very spemﬁc\ in their
action against the pests. Applications of pesti-

-cides often db not meet these criteria becaus;, of

'~ the first plaee. Environmental manipulations
~and resistant c¢rop varieties-.can prevent mMent—based on maximizing existing nat-

- in the 1mp1ementat10n of integrated pest

near economio threshold levels—despite,all ef-

forts to control them—should one use methods;,

such ag the broadcast use of a nonselective pésti-
cide, that could disrupt the natural ecologjcal
control systems. When disruptive methods are

. used, care should be taken to restore the natural

equilibrium as quickly 1-%s'p'ossible. .
It is becoming apparent that ecological con-
trols, suclras those provided by naturally occur-

-~

their effects on nontarget species.. .
- The general concept of 1ntegrated pest man-

ural controlling factors, on monitoring pests

pest suppression measures only if and when
needed—is a sound one that shoull form the
basis for dealing with a wide array of agricul-
tural pests. Enough information is now avail-
able ‘on most major crop pests and on methods
for their control that immediate and substantial
progress should be “possible in maintaining pest

levels below economically damaging levels with-’
out severe env1ronmcntal consequences. There- -

fore, it i 18 1mportant to continue to press for :{er

agement systems on as many crops as possible.
The development of new control methods and
improvements in - the integration of various
techniques can be expected as research pro-
gresses and as we profit from experience.

Y

applications

Experience with integrated pest management
is limited. It has been practiced in scattered lo-
cations throughout the United States and to a,
lesser extent in other parts of the world, but

an-
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only a /few efforts hm?. been cohducted on a
Iarge gtale. :
- The initial success of USDA programs was

~ mentioned in Chapter I In addition, successful

- programs based heav1ly on sfield surveillance
are currently Heing undertaken on apples in the
State of Washington and in Novh Scotia. In
the Annapolis Valley of Nova Scotia,a majority
of the apple growers have.-used g program of
~integrated pest manigément sihce- the late
1950%. (16) These efforts show that sxgmﬁcant

- improvements can be effected thrbugh the use

. of field surveillance by adequately trained pest
. managers. : L
An integrated pest management. serv1ce in-
dustry. has developed in (‘allforma and parts
of ‘Arizona and Texas. Nearly 30 small com-

panies sell their intewm vted pest management _
© séryices on a per- acre basi= \'mblllty of
- thys'small but e‘rpdndmg induistry is a’' measure

of its potential. Thg California Far;im Bureau

found that cotton,™citrus, and grape farmers

.using these private lntenrated pest management
-firms reaped increased net profits. (before
taxes) of 22 percent. (58)

The use of intégrated insect management on
grapes in the Delano, Calif., area resulted in
lower pest control costs. Com entional insect
control on grapes in the area‘inyolved two appli-
cations df Zolone (for leafholgper and Pacific
mite) and‘an application of»Parathion (for

grape mealybug and omnivorous leafroller).

Under~an - integrated 11%‘; management pro-

gram, insect populations were monitoredy When -

treatment was necessary, a combination of pred-
- ator rélease and chemicals kept pest’ levels

dojvn. The new program resulted in yields com-

. ﬁpnrnb]e to conventional .control at a cost of

"but $16 per acre, compared to $48 per acre for -
_ the conventional contfol\ T

This threefold sav-
-ings in control costs also r¢sulted in an overall

- increase of 7.3 percent in pet income. (58)
Similar results have been obidmed in groves
~ of Valencia -oranges. Dopendm ‘gn lo{nl pest

. o
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) éLndit_ions encountered’ by the grower, the cost

per acre for integrated pest control ranged

fom $45 t6 $54 ip Tulare Coﬁi:y, Calif., comi-
pared’ to traditional pest. and\ disease a:ontrpl
costs of Jppronmately $100. This represEnt%
aBou.t a twofol savmbs in pest control costs *
nnd an 11.2 percent saving in overall costs. (, 8)

Another e\:ample of ‘integrated insect man- "..

' agement involves 800 acres of tomatoes near

-, Los, Banos, Calif. Although sprayitgwas con-

ductea 4 or 5 times each séhson, at a cost Gf. about

$20 to $30 per acre, damage frgm the fruitworm
contmued An integrated insect management -

'to decrease costs to between $8 *
and $10 an ‘acre with effective control—nearly
‘8 threefold reductionn insect control costs. No

‘spraying, whatsoever was necessary .in 'the . .
second\year of the program, and:during a total
4-year \§er10d only 10 percent of the tomato
acreage needed any pesticide treatment. (57)

* Although evidence of the overall economic
advantage of 1ntegrated pest management is still
1ncomp1ete it seems reasonably well established
for | \crops such as cottg{r}v,eapples, and citrus,
which currently use rel ly large amounts of
pesticides t& control pests. For crops using less
pesticides, the economic incentive is likely to be
smaller except where yields are increased by
improved pest control. For the latter commodi-
ties, no firm economic conclusions can yet be

because of limited experience - with

integrated pest management on these crops.

\
obstacles to be overcome

Desplte its many beneﬁts, the 1nt*cg;'ated pest
management approach is still not in widespread -
use—pro})ably because of a variety of attitus
dina] factors as well as economic and personnel
constraints. Some of the reasons include the
farmers’ lack of incentive to change pest con-
trol practices, the complexity of these new man- .

N
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‘ -agexleﬁt'techniques; fear of crop loss, inade-

-

quate information on economic threshold levels -

,for various pests, an inadequate supply of suit;

ably trained professionals, and a limited num-
Yor of fully developed nonchemical control
methods. - . - - e
- 6ne’of ‘the most impQrtant reasons for the
limited use of integrated pest management is
the absence of any imp_ettis for the farmer to

chiinge current practices. He;is accustomed to -

using pesticides, has generally not encountered”

sufficient problems and side effects to“warrant
. his seeking an" alternative ‘approach, and is a -
" recipient of free advice from representatives

of the chemical industry. * : .-

‘The lack of experignce with integrated pest
management may lead farmers to fear crop loss
or to have a sense of insecurity about unknown,

~ untried, or mere complex methods of pest con-

trol. Most nonchemical technigues  are - more
sophisticated than usé of pesticides; and rarely
can they bring about the in¥nediate pest reduc-
tions obtainable with chemicals. Moreover,
many farms and forests are operated on rigid
timetables, and regular application -of .pesti-
cides may be more ‘convenienjt "than a pest man-
agement program dictated by field conditions.

the economic benefits of integrated pest man-
agement t6 be demonstrated to the farmer in the
geld, as is now befng done in scattered lecations.

ut even if the benefits were known, the fear of

’ crop loss from use of these techniques would

still be an impedj_meht to their use.
Because of thé farmers’ fear of crop loss, crop

mendations may feel the’need to carry malprac-
tice or liability insyrance, which presently is

not available. Such liability considerations .
. 'probably discourage some individuals from

entering this job field. ..
Perhaps the greatest obstacle, however, Is
posed by the lack of skilled manpower. A broad-

W -

N

not developed bggause of th,é ,[éoent state of de- -
ntegrated pest managemez? :

velepoment of
techniqués and farmer résistance. Until' inté-
grated management Fairis wider recogni-
tion as a sound approach to pest control, an
adequate supply of professional crop protection
specialists will likely be facking.

The availabu?fy of speghalists-is al%o limited
by the numbey of instit

affected by the dem d-forfmtegmteé pest man-
agement. Qualified individuals are not yet avail-
‘able in many areas of the~cognt_ry'.

tion specialists Tequire a broad ygderstanding

of pests, including jnsects, weeds, nematodes,

and fyngi; their identification, ‘behavior, and -
life: cycles; tHeir Matural control agents and

other en X mental inﬂuence's;ei;opemic'thres-

holds; crgps and modern farming practices; and

complete and up-to:date knowledge of control

‘meastres. Training programs for these: indi- -

viduals require heavy emphasis on a numb'ervo\f

* . disciplines™n the physical, biological, and agri-

. Because of these factors, it will be necessary for |

* protection specialists making pest control recorn- -

scale integrated pest management industry has

£ . . .. . .
culfural sciences as well ag’ extensive field ex-

. perience. Not many will _undergo the rigorqus
*training without some assurance that integrated

pest management offers 2 career opportunity.
In addition, individuals qualified as crop pro-
tection specialists ‘will .want some recognition

* of their training and will need protection from

criticism of the practices of less-qualified indi-
viduals. Such recognition of qualifications is
also importapt to 2 potential crop protection
- specialist because it rhay influence his ability
to obtain adequate liability insurance coverage.
"As the potential of integrated pest manage-

ment gains wider recognition, most of the ob- -

stacles descyibed above will become less of a
hindrance. The fact.that pest problems con-

"+ tinue to develop with current methods of con-

trol will be a grea,te‘i‘"ir_rlpetgxs to look for. new

" approaches. As new practices reach the field . .
and are successful, they will gain wider recog- .

nition.
. L]
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1ons that offer appro-
priate training prégpdms, which,.in turn, is .

rop protec- -
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“Fear of crop loss is somctlmes overempha-

«ﬁzed Fields, under the supcrvlslon of an ex-

3 penenced professional pest manager should be
< ileks’ suscept,lble to crop losses)Once,an economic
threshold is established and a field is monitore&

continuously, the specialist will take whatever
. /("cm/t‘:(‘)l measures ate necessary to keep the Pests
below damaging levels: The risk of crop loss

18 veduced, because ﬁuctuatlons in the lével of

4pests are llkely to ocouramore slowly .in areas -
un,der maximi%ed natural control than i in areas -

* ~wheré ecological. dlsruptmns, ‘such as .those
by unwise ipesticide uge, have Qccurred

Even constraiits sucﬁ is tﬁe state of devel-'.- ~
chnlques and the avmlabﬂlby -

opment of new
*bf skilled manp ver;,should be less of arrobsta-
cle in the futulfg The concept of maxnmzlng
the use 6f natutal coptrol gystems and of msing

pest suppression techniques Only When neces- .-

sary can be appliéd#tegardless of the t)spe of -
'suppression technique used. Until® economic
thresholds are determlned it may Y be necessary, -

conduct pest suppresswn to keep_pest popu-"
lation levels at a conservatively low level, but
as, thresholds are determined and new tech-

niques are further “developed, one ¢an expect.. *

integrated pest management- to. become .ever

’ more effective and economical. Also,’as the ca-
" reer potential of _crop protection - specialists -
gains greater recogmtlon, trmnlng programs

-~

¢ . -

v
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should develop rapldly The potentml need for

J such specmhsts is shown in Table 3.

_ The Federal Government can stimulate the
Tov élopment of integrated pest management by

maklng it a~viable-career and by déveloping .

. and testing. aiteumtx.ve pest management tech-

niques. The Admlnlstratlons program to ac-
complish these ends;is described in Chapter V.

| -
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For several agrlcu&’n‘al crops now recelwng o
heavy pestlclde applications, the effectiveness.

" and ‘economic advantages of integrated pest -

management have been well demonstrated. Ob--
- stacles which currently prevent a wider use of

this approach incltde the farners’ la,ck ‘of in-

ceitive to change

‘pest control practices, the,__

complex1py\ of thgse new ,managernent tech” &

niques, 1naHequate information on \eiconomlc-

“levels, an inadequate supply of trained profes-

. sionals, and a limited gumber’of fully devel-
oped nonchemical ,cont%

"it offers the. promise of more dependable pest
contrgl with minimum adverse environmental
effects, often at lower cost, the obstacles to more

widespread adoption of integrated pést man-
-agement should begin to be overcome ,
-
. - L .
v B \(’ ,
~ e ‘v N

techniques. "Because .

K
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I

to pest control

Although much of the cirrent pest cq
research is confined to chemical pesticides,
growing recognition of adverse side effects

‘ grudn{]y led to a search for alternativé don-
) trol- methods: Some nonchemical techniques
have been known for centuries and others are
of much more recent discovery. Many methods
which seemed promising years ago remain
promising but untested. .

The previous chapter discussed mtogmted
pest management as a coneept with a few exan-
ples of field applications. This chapter and the
one that follows deseribe several alternative
methods of pest control which may be used

16
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enwronmental genetlc,
and metabolic’ approaches o

singly or in combination as part of an inte-
grated program, - .

A number of pest contr ol alternatives holdmg

considerable promise have been used to varying
degrees. The techniques involve the use,of envi-
ronmental nmnipn]ution% or enltural methods
(such as changes in _planting. p]owmg,,lrrlga—
tion, and other f'nmmrr ptactices), genetic
changes (in both crop resistance and pest sus-
ceptibility), and metabolic approachés (such
as the use of sex attractants or hormones which
influence insect, development). Biological and
genetic methods, such as the release of predators
and parasites and the use of resistant varieties,

Ty
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Wca?plalso be used to supplement these techniques.

At of them reduce the - med for
esticides.

cheman]

™ The development of these alternatives de-

" pends upon research and upon knowledge of the

pest,.including itg' behavior, metabolisin, and’

the’important environmental factors which af-
fect it. Lack of such understanding has hindered
progress and the development and evaluation
of alternatives. ~

environmental manipulations

Environmental manipulations (or cultural
methods) require changes in standard farming
practices to change the pests’ environment ad-
versely or to improve that of its natural enemies.
These changes in farming practices can occur
in land preparation and cultivation, crop rota-
tions (the sequence of crops planted in a field),
fallows (idle perlods in field use), tlmmg of
planting and harvesting, and timing of irriga-
tion. Also, pest-free seed, addition of soil or-
ganic matter or nutrients, and the removal of
plants which may provxde food or shelter for
the pest can be used to curb pest concentrations.
These practices are important because they
strongly influence the habitat, availability of
food, reproductive areas, and protective coyer
of a potential pest or its natural enemies.

Often conditions that optimize crop produc--

tion also favor increased insect leve]s. Exclusive
production of a single crop (monocu]turé) for

example, can result in the proliferation of

insect-damaging species that feed on the crop.
Forests which contain only one or a few species
of trees provide an excellent opportunity for
buildup of insect populations or the spread of
diseases such as the Dutch Elm disease. Changes
in irrigation and fertilizer use can furnish more
favorable habitats for both insects and weeds
by providing pools of water for the reproduc-

“environmental conditions often can

17

tion of some Ingects and by providing the nu-
trient and wate\ needs of weeds.

Just as environmentalNnodifications can cro-
ate conditions favorable to insect dyvelopment,
§ modified
to affect popu]ntions adversely while at the
saume time remaining favorable for optlmum
yields. For example, farmers have plowed their
fields for centuries for a variety of reasofis,
mc]udmg soil aeration and weed control. P]ow-
ing, however, can also provxde valuable .control
of insects by physically destroying them during

- the soil-inhabiting period of their life cycles.

Spring plowing can destroy up to 98 percent of
the corn earworm pupae that survive the winter.
(70) Research indicates that even alterations
in plant spacing may influence insect popula-
fions by changing their microhabitat and the

" density of their food supply. (70)

Changes in planting and harvesting sched-
ules can make the orop lessavailable as a habitat
during critical stages of insect development.

" Planting cotton seed over as short a time period

as possible, for example, allows cotton to mature

- simnultaneously throughout the planted area.

This limits the number of boll weevil and pink
bollworm generations by minimizing the dura- ~
tion in which mature cotton is available for at-
tack. By destroying the stalk after harvest—
the winter habitat of the boll weevil—the ability

- of that pest to survive the winter is reduced.

Diversification of crops lessens the numbér of
any particular insect species by limiting the

- availability of a single food source. In so doing,

diversification may simultaneously provide an
alternate food source for either the insect pest

. or its natural enemies and suitable conditions

~ for the natural enemies to reside or reproduce.

.+ If alternate food sources are available for
predators or parasites that prey. upon an insect

pest, population 18vels of the natural enemies

_will be less affected by fluctuations in the pest '’
" populations. Normally a pest population can

L

LY Eo T . -




g

- 18

increaso relatively quickly in an adequate hab-
itat with tlle,grdp as its food source, while pred-
ators anll parasites do not become established
until the pest population (their food source) is
established. If the natural enemiés of the pest
can be sustained through alternative food sup-
plies, the pest can be held in check nore
effectively. (21) ' o

‘Strip cutting has been used to a limited extent
to maintain a suitable environment for-natural
controls. Strip cutting involves harvesting only
@ fraction of o crop at one time (usually one-
half or one-third) in order to preserve a stable
habitat for natural enemies in the unharvested
portion of the field. The cut portion is then al-
lowed to produce new growth while another

- of the field ‘are so timed

(Y

1t maximum yield

pdrtion is harvested. Plnr,ELing and harvesting

can still be maintained. (?%) This method has
been successfully demonstrated in California
alfalfa fields and is particularly promising for
warmer regions of the United States where there
1s an extended growing season. (See Figure 4.)

In o simidar procedure, flies have been con-
trolled in cattle feedlots by. continually remov-
ing only a fraction of the accumulated manure
in order to maintain adequate levels of the fly

paragites in the remaining manure. (30)

Disease-free seed, combined with:chop rota-

tion, has controlled several seedborne diseases -

of vegetables such as cabbage, turnips, cauli-
flower, celery,and garden beans. (5, 72)

Figure 4

Average Number of Nat.ural Pest Enemies (Predators and Parasites) per Acre in Alfalfa Fields (55) '
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. cempete with any. annual weeds:, In
stances, weed. contlol measures are neeﬂeﬂ only'

Croma tion, the sequence and types of crops
- plante be used to reduce crop damage from

(worm -like, soil- mhublft,mg pests)

nems;
and diseases, as well as to improve soil. Al-
“though the most effective control of Verticillium
wilt disease in cotton is through the planting

of resistant varieties, planting grasses, sorghdm,
small grains, and corn in rotation with cotton °

tends to reduce losses caused by this disease.

(47) -

Although 'mtatlons ¢an seldom control more

than two or three species of nematodes, they are.

“an important control method for the major
nematode problems. ‘
Removal of crop residues—crop sanitation--

_is a valuable approach in reducing diseases, in-
_sects, nematodes, and weeds by removing the

food or habitat of the pests. Standard practices
involve the complete burial of crop ‘residues,
burning of crop reSIdues, and cultivatiori to

destroy those plants which have seeded them- .

selves. Unfortunately, some good crop sanita-
‘tion practices may cause environmental prob-

lems of their own. For example, cultivation -
~ practices can leave fields exposed to serious
"water and wind erosion, and the burning of crop -

.residues adds to @ir pollution.

Preventing weed growth is the nost basw of .

all weed controls. Complete prev ention requires

such environmental mmupulatlons as the use of
qeeds free of any weed seed and proper quar-’

ant ne - mld regulntlon of. conﬂimnmted étop
seed) Other preventlve wced»contlol techmqges

involke: physxctbl methbds, such as’ tl’leg)g(by,ﬁ’ :

* dpoth hgmd ‘and- mnchme), mowmg ﬂood;ng
n‘.ndismot,henng with; nonhvmg m;mmgl

The most effective. a«rent i e, opi‘a\Qd '_
control, howevel, i the cmp ltself' A
ously growing. crop of sufficierit <def

rﬁm

-to protect the- cxjo until it is sufficiently estab-
Nlished to competg effectively.

.. 464-590 O - T2 -/3 N
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plant breeding and genetic factors

Bregding pest-resistant crops has been one of '
. the most successful pest control techmques for

pests other than weeds. There are now 152 va-
rieties of 23 crops resistant to nematodes (26),
more than 100 plant varieties gesistant to a

-total of 25 insect pests (39, 65), le probably

at least 150 varieties resistant to a great diver-
gity of plant diseases (35). Ideallyrresistanc
factors for insects, diseases, and nemat
should be incorporated into every crop.

Even partial resistance of a crop variety can
greatly reduce the economic damage from an
insect and thereby the need for other pest con-
trol measures that may disrupt natural control.

" (63) Thus, use of a resistant variety easily fits

into the existing ecological pest control system
for any crop. Insect pests that are controlled

'by resistant varieties include the Hessian fly,

wheat stem sawfly, spotted nlfnlfn aphid, and
Européan corn borer.

- In 1900, less than 1 percent. of the total U.S.
acreage in agricultural production used resist-
ant, crop varieties developed by man. In 1965,
mare than three-fourths of the total acreage in
ploductlon was planted with varieties which
did not exist prior to 1900. Most of these-varie-
ties incorporate varying degrees of res1st,nnce

to one or more important diseases, msects, and"

nemntodes. ‘Without the development of varie-
- ties, resistant to certdin destructive pathogens
" and aimed at high y1eld and. quality, commer-
cial’ ploduc i of some cxops fwquld \‘lltemlly
}11,\ ‘e ceased 'nny ayeas of this country. For

. (elmin gmms 95 to 98 percent of the total
: aereage is: p],nnted ‘with resistant varieties thnt,
‘ mve been developed in the last 20 years. (41)

some wufehes,stlll exists after 30 gem_s How-
ever, new biotypes of Hessian flies that can at-

tack resistant wheat varieties continue to

i

L



20

appear. Also, there is some evidence that the.
spotted alfalfa a%lld may have oyercome the va-
riety of alfalfalbred to resist it.’ (45) Never-

theless, even in alfalfa, genetlca]]y resistdnt.

~ strains continue to be an importat foxm of

pest control.

Developing resistant plants is a slow process.

Ten years or more are usually required to de-
velop a variety with resistance to a single pest
- and perhaps twice as long for two or more
" pests. Multiple resistance is needed in crops,

however, and progress is being made toward o
this goal. For example, barley varieties with’

resistance to five diseases and tobacco resistant
to six diseases are now available in certain
areas.

Desplte the lengthy de\olopment time and
~ the costs of developing resistant strains, the
economic rewards are great. The total cost of

research conducted by Federal and State agen-

ciés and private companie’ to develop resistant
varieties for -the Hessian fly, wheat stem saw-
fly, European corn borer, and spotted alfalfa
aphid was about $9.3 million. But the annual
savings in reduced losses to the farmer is esti-
mated at $308 million. The net monetary value
of the research is about $3 billion over a 10-

year period, er a return for each research dol- "

‘lar invested of approximately $300 i n reduced

crop losses. (65)

- New concepts in breeding for pest resistance
place heavy emphasis on genetic diversity in

the control of plant pests. (17, 34, 59) By mix-

ing resistant and susceptible varieties, there is

less chance of developing strains of pests which
have adjusted to their environment in-a manner
similar to the development of ihsect resistance
to specific pesticides. The disastrous outbreak of
southern corn blight in 1970 has emphasized the
fallacy of relying on a single genetic system.

. Future work with genetics may be pxtended
- beyond plants to include insect pests. This would
involve the 'search for traits that increase an in-

sect’s susceptibility to pest contrel measures. By

2

.. L g 'e . - < . .
rearing *1n captivity strains carrying this

. susceptibility, planned releases would be able to

.spread the trait throughout the population.
(70) Although some Iesemch has been per-
formed on this technique,* it has not yet been
field tested.

“metabolic alterations

o

Insects rely heavily on smell to find mates
and food. Many female moths emit a selective
scent—<a sex pheromone or.sex attractant—to
lure tales of their, species. (8): Boll weevil
males also produce a sex pheromone which at-
tracts both sexes, but after hibernation they can-
not produce the scent until they feed on a cot-
ton plant. Many ants lay trails to guide others
to a food source. Bumble bees and stmgless bees
also use scents to designate paths to food sources.

A parasitic wasp locates corn earworm eggs by .
their odor. Many blood-sucking pests locate ani- -

mals by detecting the carbo d10x1de and other
odors of their breath.

Each pheromone is reg sonably ‘specific in its. E

effects and is effective in extremely minute
quantities. When jts che @ structure is identi-
fied, o pheromone can b

an attractant in the field to lure the pests to a

- trap, and a sex pheromone can be used more

broadly to. confuse the males who are then un-

able to locate the females.

In an effort to control the gypsy moth, 300,-.'

000 strips of paper contiining i sex phero-
mone were dropped on each of several infested
40-acre regions in the Northeast. The odor per-

/nthesized for use as

]

meated the air, overpowering natural female.

- pheromones. The male guidance systems were
disturbed in much the same way that radar ‘

is jammed in rhi]itary operations, so that the

males could not find fema.les with which to mate. .

(4) ' L
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control-is still-in_the. testmg stage. Their use
seems ghost promising in areas of hght
infestations. - .

“Traps toated on the inside with a sticky fly-

paper-like substance impregnated with an at- -

tractant to lure males inside, huve long been
used for detection of the gypsy moth in the

Northeastern States. In 1971, tmps were baited -

with synthetlc pheromones. Economlcs,proved

encouraging because each trap used 20,000 times '

as m,uch of the synthetlc attractant as the live
female produce?i but the total cost-of the chemi-
cals for 70, 000 hmps was only- ubout 50 cents.
(4)

A second lmportant class -of physiological
compounds is hormones, which regulate the

growth, development; and reproduction of in-

sects and other invertebrates. Enough is known
t insect hormones to undertake the develop-
~ ment \f selective hormonal insecticides, which
' ly disrupt the insects’ physiological

" in highdr animals, there is a good possibility

that hormonal insecticides in reasonuble doses

swould not uﬁect w1ldhfe ﬁsh dorhestic animals,
or than. (49):,

Juvenile hormones (J H) currently offer the

greatest immediate potentml for cammercial de-
. wd
velopmknt These' hormones, occﬁrrmg natur-
“ally in low concentrations at various points in
the life cycle of an inseqt, can disrupt a wide
range of body functions when appllq_d in greater
quantities or at a different time in the life cycle
of an insect. For example, they car adversely

.~ affect development and reproductlon, terminate

diapause (a hibernation-like stage in insect de-

The effectiveness of sex attractants for pest

. Because these processes do not occur

! 1 . /.‘
velopment), and prevent:eggs from hatchi
Success in mosquito control has been repo
with synthesized insect hormones in Calif
A 99 percent reduction in the level of thp spe-
cies Aedes m'gromaculis,‘(lmown to be tqtally
remsbant to conveptional pesticides, was\gb-
tained In trial applications of a JH. (3)
Control ﬁhrough the use of synthetic mseot
JH analogs is progressing with significant in-
dugtrial interest. (3) Large-scale field testing
was initiated in Central America during the
winter of 1971 with- future trials on more than
2 dozen insects and 20 different crops scheduled
51n 1972, (74) .
Further development of J H is hindered by
problems of synthesis, high production costs,

the lack of toxicity dwtu, and insufficient m- o

formation on the effects on noptarget insects.

~

Some JH and related compounds are simple -

-molecules, however, so their mdustrml produc-
tion shoul?} be economically foasible. v

summaryE o o

’

o

Cultural methods und genetlc resistance L0Te
two approaches to pest control which are in

widespread use in agriculture. Because they are ’

basically prevéntive measures, their importance
». can easily be underestimated. Metabolic altera-
tions, by dontmst, are designed/Tdr use in areas
. with existing pest’ populationsy While in an

- early stage of development,- metabolic tech-

niques appear to have great pobentml for pest
.contrel in the future

P

2
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chapter iv
biological and
other control
methods

 In addition to'the methods described in Chap-

ter II1, several other techniques of pest suppres-
- sion are in various stages of development. These

range from such traditional biological controls
as the releasg.of pretlators and parasites, to long-
recogfiized bgjt barely developed methods such
as the use of pest-specific diseases, and to more
recent ‘techniques such as pest sterilization qr
the use of electromagnetic radiation. ‘

predators and parasites

. The use of predators and perasites—natural
pest enemies—is almost synonomous with “bio-
logical pest control” today. All plant and animal
species are subject to natural forces that control
their population levels. Natural enemies, along
with other environmental infliences, maintain a

.. natural balance among populations of plant-and

animals in ecosyster. - NP
. There ‘is little question that "the’ parasites,

predators, and diseases (discussed in _aq later

section) existing in a field are the gredtest
resource that we have for effective pest suppres-
sion and management. Without natural con-
trols, satisfactory insect pest control by any
single or combination of means would become
virtually impossible. Although this view cannot,
be documented in a strict sense, it can be shown

- by the many|examples of serious insect pest

A LY



killed by broad-spectrum insecticides.
The deliberate use of natural p
parasites' depends on the nature of the pest. If
the.pest is native to this country, treatment
usually cofsists mainky of oreatmg an environ-
mént. favorable to the‘sutvival of the predabor
or parasite and if necessary, increasing-its num-

problemis emerging when beneﬁci{ LDéects were

bers by timed periodic releases of* mq.as rey»ed

. insects. (See Table4.) -

-

@&, . ~ : 7

. Tabled (61)

Examplas of Parasite§ and Predators of Potential Value in
Pest Suppr_esslon Through Inundative Releases .

. T
Blological control agont . Pe;u.‘f“5
Nematodes: . '_
DD-136 (Blotrol NC8)” " 4 }-p--| Codlihg moth; Europesn corn
) borer. "
Hdarolvlmcluu sutumnalls”. ... Faceflios
Reesimermis nielseni... . ......... Mosquitoes.
Parasiticinsects: )
. Apenlelesspocles._.. ... __.... Various caterpillars.’
Bracon kirkpatrick. .2 ... ... Pink bollworm.
Cubanfly.._._:..... --| Sugarcane borer.
Lysiphlebus testaceipes .. ....__.. Aphids.
. Macrocentrus ancylivorits. .. ... Oriental fruit moth.
" Macrolerysflaots.. ... ._.........;.| Brown soft scale,
_ Micropletio.... . ... ... Bollworm complex. :
Pediobius foviolatus. ... _._ Moxican bean beetle.
. Several tachinid fies....... +.....| Bollworm complex. 5
s Trichogramma......._.. 'eu---i..| Varlous moths and butterﬂles
Phytophagoua insects:
Anwda (beetle) w oo oonouun-- t...| Aligatorweed.
Bactra umtana(motl\) ........... Nutssdge.
Predaclous {nsects: :
Coccinella (lady bum ........... Aphlds
Cryptolaemus montrouzieri.. cege- Mealy bugs and soft .scule
Hlppodam(a (lady bugs) .. ..- I Apbids; bollworm complex.
Othet . S ’ PR
Cypr{nldon varicgatas (saltwnter . .
fish) . . oceiiiiiimicaom ey | MYsquitoes. e
Dungbeetles__....._............ Hornflles. N
Gambusia (freshwater ﬂsh) _______ Mosquitoes.
Marisa (snadl) __..____..__..._._.. Aquatic weeds.
. Mollienesia latipinna (saltwater :
‘ fish)...._...... T D Mosquitoes.

Whiteamur.l. . T . _......... Aquatic weeds.

Many of our major pests are of foreign origin.*
(19) When a pest has been introduced from
another country, the chance of control by na-

tive enemies is slight. It is therefore necessary
-~ )

ators and

~\

e

" to search for natural enemies of the pest'in its

orlgmal habitat. The search for predators and
parasites is often long and laborious, and the
potential adverse impacts of their importation

‘must be taken into account.

The use of parasites and ppédators has some
distinct advantages over other methods of pest
suppression. Once  populations of a natural
enemy are completely established, control of

_the pest is relatively long lasting in perennial

~ergps. For annual crops whose postharvest re-

mains are destroyed yearly, control depends

on continued introduction ‘of natural enemies.
.The long-term benefits of biological contrel

make the method relatively inexpensive. 70)

In 1944, two species of leaf-feeding beetles
were introduced to suppress Klamath weed, a
weed of foreign origin which spread over 4.6
‘million acres in California and adjacent States.
(See Figure 5.) In.a relatlvely few years, these

" predatory beetles were successful in checking 2

further spread of the weed. Unaided by supple-

' mentary means, they reduced Klamath weed to

the extent that it was no longer of economic

. significance in California. (2) The investment.

for control was only $200,000 to $300,000. Con-
sidering the number of yearsgsince control was
successful, the savings from not applying herbi-
cides, and the increase in land values as a result

of klllmg the weed, the- benefits from the pro-
gram may. now be’ conservatlvely calculated at

several million dollars.

The eﬁ'ectlvenessuof several- énalls an’ﬁsh'?

(for example, the marisa snails and the white
amur fish) for control of :certain aquatic weeds

~ has\been deémonstrated in exploratory studies.

Work needs to be intensified to exploit the full
poteritialities of these biological agents to con-
trol the weeds that infest ponds, reservoirs,

lakes, streams, canals; and other waterways.

Trichogramma, a tiny wasp that is an egg
parasite of most butterfly and moth pests, has

- been used successfully to control the cotton boll-
-worm. Ofteri the parasite is used like 'a chemi-
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cal insecticide. When pest populations threaten

- to get out of hand, huge numbeérs of the wasps,
fwhlch have been 'reared in insectaries, are re-
leased to destroy -the pest. If permanent con-
trol is'not. obtained, they can again be relensed
to suppress further infestations. This causes

little disruption-of the ecosystem and is eco- -

nomically competitive with chemicals. (48)

It has been clearly demonstrated that certain

soil organisms may be suppressed or destroyed

by the.action of other soil-inhabiting” sgpro--

phytes (plants which live off dead or decnymg
oré’nmc.mntter) or prednto*rs However, in con-

ﬂgurazs ) ' \ :

Range-of Klamath In the 'W6stery United States. .
Prlor. to Intrpduction of Predatory Begtles (63)

o [

trast to developments in biological conhj)l“of"
insects, direct use of parasites: or. antagonists

for controlling plant pathogenic fiingi or bac--
teria has not been explored  intensively and -
results of experiments have not been consistent.
~ Biological control of nematodes holds some

" promise, but it cannot be fully exploited until

the microbiological ecology of thesoil is under-
stood and becomes subject to mmmgement (17 .
Many types of microscopic plants and anirnals
are parasitic, predacious, or pathogenic to plant

- nematodes. These organisms already exert con-

siderable influence in limiting nematode popth-
tions and reducing crop losses. (17, 40) -

he effectiveness of natural enemies of nema-
todes is usunlly regulnted by the orgapic sub-
strate in soil. Natural enemies of nematodes are
genemlly increased or.thaintained by the or-"
ganic mafter in soil, whose chemical decomposi-
tion products are toxic to nematodes. To fully
exploit their potential for biological control,
the life histories and population dynamics of

* these organisms must be manipulated and

regulated thfough manngement, of the soil -

. env1ronment ; .

The techniques involved in cnrrymg out a pest

" control program based on the release of natural

enemies are sophisticated and complex. Owing
to limited investigation of new ngents'_ and the

-lack of the netessary insect-rearing facilities,

only a smdll fraction of the total number of

" natural enemies of the -more 1mportant pests

" hds been identified.

When a natural enemy of a pest is located

- and 1ntroduced there is no guarantee that it -

will be effective. It may be unable to adapt com- -
pletely to its new surroundings, and even when
fully established, the predator or parasite may
be only 2 minor influence on the population
dynamics of the pest.

The introduction of insect pnrasltes and
predators poses potential hazards to ecosystems
The possibility of such organisms attacking na-
tive 1nsects that - mny be beneﬁcml or at least .
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"“not harmful, exists. An ;elnborat;e screening

l, procedure, therefore, must be employed to pre-:

-vent such threats.
Likewise, in lmportmg blocontrol ngents such

“ad insect enemies of noxious Weeds, extreme care '

" must be taken to’ensure that they- will not be-
- come pests of beneficial plants. Insects that at-
tack a webd-host might conceivably attack a
cally related beneficial plant. In view of

is, intensive investigations are undertaken .

prior to introductions and feleases. If there is’

any evidence of.the insect’s capability to survive
on a useful plant, the species are not imported.

- Boundaries are another problem inherent in”

any blologlcal control program. When a preda-

*. tor is released, it is virtually impossible to con--

fine it to the place where it is released.
tors and parasites placed in one field are just as
likely to occupy nieighboringfields as the one in
which they are released, so that the benefits of a
"particular release are often hard to define. For

reda-

this reason biological control is better suited to:

a regional rather than to a farm -by-farm pest
control effort. -

~ The difficulties created by ‘the moblhty of
predntors are twofold. First, pest control for a
species in one locale may affect that species in
areas where it is considered beneficial. For ex-

ample, the use of a small beetle, Agasicles, to: -
. -.control the alligator weed in the South has both

- proponents and -antagonists. Considered a séri: - %

ous water pest by many, this plant was ]u&ged

by others as an important. food source for.wild- _

“life. QOther examples include the cacti, con31d-

- ered’ by some as weeds and by others as

‘ornamentals and an emergency sourd¢ of food

“for cattle under drought conditions, and, the salt .

cedar, o weed pest that is an 1mportant habitat

~ . Second, populations of natural eneghies re-
leased in one field may be adversely affected by
pesticides used in a neighboring field. Thus, due

. to diffefences in neighboring conditions, the
. overall effectiveness of a biological control at-

|

tempt can be drastically reduced.- .
Importations of predators and pnrusites_};;gz
‘resulted in complete control of 42 pests,*
stantial contro] of 48 pests, and partial control
of 0. (19) Sohie cxamples of biclogical control
in the United States aje contained in Table 5.
Although these are but’a fraction of our impor-
tant pests, few other methods have resulted in
such long- terurc’ﬁfrol

~

®

" microbial agents .

Another very promising control technique is
the use of pnthogemc (disease- cuusmg) micro-
organisms such as bacteria; viruses, protozoa,
fungi, and their byproducts to control a given
pest spéc1esK(\154_ﬂ]) Their potential has been
recognized since the turn of the century, when,

for ‘example, the nuclear polyhedrosis virus of
the gypsy moth was considered although not

fully developed for control of the gypsy moth. -

(26)

Some tlme before 1930, the Europeari spruce |

‘sawfly was introduced into Eastern Canada.

During the following decade, it proliferated in -

the absence of a specific virus which had kept it

In check in Europe. Spreadipg through New
~Brunswick, through Newfoundland, and down

_into the Northeastern United States; the snwﬂy

killed .several thousand square miles of stand- s

;ing timber. Some time in’the middle 1930’s

.the virus disease was introduced flem Europe

~ into Canada: nppurently by accident, and in 1937

and 1938 it was known to have killed larvae from
Quebec to Vérmont and New Hampshire. By
1940, this tremendously harmful population of
insects was V{rtunlly decimated, and damage
essentially ceased. The virus disease was later

introduced  into Newfoundlnnd with the same

-3

beneficial 1esul{s (70

Slmllnrly, the European pﬁne smvﬂy 1s Inrgely
controlled in Europe by a nuclear polyhedrosis
virus, but the insect was introduced many years
ago into the North American continent without

oo . « L
A | . . N C
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Exﬁnplas of Blological Control In the Unlted Stales 19) f‘
| . .
- i . " S
. Pest . Crop nttnckgd . 'ype of natural enemy Degroo of control
AlalE wooviloe. e Alfalfa in Callfornis. ..oeoeevennnnn... Parasite Subitantla) . -
Alfalls weevil. ... eean _.] Alfalfs in Mid-Atlantic States.._...._. Parasitey Complete” "
L Avocado mealybug..................___| Gudvs, avocado, fig, mulberry in ‘ K o
. Hawalf.. ..o oue e Parasite (Puudap'hym),, .............. Substantial
Citrusin Callfornia Parasite (Metaphycul) ................. Substantial
Deciduous forest and sbade-trees in )
Northeastern United States.....__. ‘Parasites.__.__._____ e Complete
Citrusin Calffornia.. _.........I__.... Parasitep__ .| Substantial
Gralnin Michigan:..._....._. R Parasited.....__ Substaritial
Bugaroane in Hawall. . .| Parasite](Scelio) . Substantig]
Citrysin Callfornia. _. .| Parasites. ..o ... "Complete ~
| Esstern United States_.._.._._._._...| Parastteb__.._________.. A Completed ,
Coconut and other palmsin Hawaif...{ Preda! (Tcla(mla).... .| Bubstantial
Applein Eastesh United States__.___. Paraesites....___.____...__ Complete
Citrusin Californis. ...:c.ccoooeeno... rrednto# (Vedalia beetle) . .: Complete
Northeastern United States........... Parasites_ ... .. ... -Substantial
N Esastern United States. .. .. -y Parasitg .| Complete
Northeastern United States__ .| Parasit Substantisl . -
European spruce sgwfly__...._.._. . Northern United States_.___....._.... Parasi Substantial - +
European wheat stemsawfly. __... Enstern United States._ .. .| Parasites. _ ..| Complete s .
" Floridaredscale .._........._... Cltrus in Florida. ....eooooooeoenot Aphytig holozanthus from Iumel ________ Substantial’ e
Greenhouse whlusﬂy .................... “Vegetables and ornamentals in New s,
. D'} 3 S Parasite (Encarsia) from Ismel ________ Bubstdntial. -
Japanese Reetle. .. .................__ Turfin Eastern United Stntes ‘Diseas$ and parasites.._....... Substantial ~
Larch casebearer. . .| Northeastern United States........_.. Parasites. ... ______. Substantial
Linden aphid .{ Linden treesgin Callfornia .. ._...._.. . Parasites. _.__........ .| Complete - :
New Guinea sugarcane weevll-... .1 Sugarcanein Hawall.____.____..__._. Parasite (Ceromasia). . Bubstantial
. Nigrascale.. .. ...._._...... Ornamentals in California. ... -...--.. -Parasite (Metaphyeus). ... _.._......__. Substantial
Olvescale.. .. cooooooomviio i Z. Ollve, deciduous frujt trees. orma- ' ,
: menmmn Cnlltomla ................ 3 to (Aphytis)___ .o ... Substantial
Orlental beetle. .. _._._..._._. v ‘Sugarcane in Hawali . Parasites_.....__... -.| Substantial
Orlentalmoth..._.__....... -| Bhade treesin Massach uwm ________ +.| Poras{ts (Chaclezorista) . --.-| Buhstantial -
Pegaphld...... ............_.. -| Alfalfain North Amerlea....2...... Parasjte (Aphidfus)...c.ooeoeenooon. SBubstantial
. Pink sugarcane mealybug...__ .| Sugarcanein Hawali____......... : Par ! te (Anagyrit) . .eooceoeemen. . Bubstantial
Purplescale_................ Citrusin Texas and Florldu Parasite (Aphytis) Complete
Rhodes grassscale.. .. ................. Grassin Florlda..__: - .-.--| Complete
Rhodes zrass scale ....... .| QGrassin Texas ...| Bubstantial, v
PR % Batin’ moth. .t ... -| New England, Pacific Northwest: . Bubszlnl
L ; Spottod alfalfd-aphid.. -} Alfalta In Southwestern United States_|. Pardsites and reslstant vorleties......| Substantial. *” _ .
a Sugarcane aphld._...;....; ..... -| Bugarcane jn Hawalif Parabite, varloub predators_.~ : Substnntlnl_
Sugarcane leafhopper........... Sugarcane in Hawaif Predator (Cyriorhinus).._.....-. Complete
A Taro leathopper............. .| Taroin Hawall. o oo eeeeoeanene. Preqmr (Cytorhinus). .. .| Bubstantial"
Torpedo bug plant hopper.........__... Coftee, mango, citrus, otc., In Hawali__| Parasite (Aphanomérus)_........_..... Substantial
Walnutaphid. ... .l............. English walnut {n California. _..._.... teum-wee-e....:| Complete
Western grape leaf skeletonizer Grapevinein United States_....._....| Parasites. ... ... ......o...o...C Substantial
White peachseale. .. .., .coooeopmininons Mulberry, papays, etc., in Puerto
D N 2 . ‘- RICO. o oo e Substantial
+ . Yellow sckle...ad&t..................'. Citrus¥q California. . o ooeeooemmanenn Substantial
R Weed - 9
Alligator weed. ... ..__............_.. Southeastern United States.___...... Bubstantial
Klamath weed.:_._....... .| Pacific Btates. o ono o ieeiiaaan.. Clrysoling beetles .| Complote -
Lantana rangeweod B €37 T S eeenns 8gveral moths and beetles.. . .| Bubstantial
Prickly pear.. _....... "Santa Cruz I«lnnd California. _ }chlneul scale and coreld bugs. Substahtial -
Puncturevine. ... ...| Calffornia and Hawali.____.__.. Microlarinus beetles. ... Substantfal some aroas
Tansy ragWwort.. . . ._......... el Paciflc 8tates_ . o oooierianeannas llnnnbar MOth. ceuoiooiiiiaamaeaees 71’1““_“1 to complete -
K t ) . <
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this speélﬁc disense. In 1949, the insect cnused
. severe dnmage in pine plnntntlons and tree
nurseries in Southern Ontario, in Quebec, and.
- in the Northeastern United States. (See Figure
6.) A few diseased specimens were Sent from
Sweden to Canada for propagation. In field
"experiments the virus controlled the insects in
“both Canada and the United States. (9, 22)
Indeed, in this case-also; its spreading in the
.- population provided substantial natural control.
* Although only two bacterial pathogens have -
been registered for use in the United States,
~ numerous additional bacterial apd viral patho-
gens are under development fo§; pest control.
(See Table. 8.) The viruses occur naturally in

:the envu‘onment and their epidemics often .

decimate hlgh pest populations. Their advan-

Figure 6

‘Range of European Pine Sawfly Prior to
lntmductiun of its Nuclear Polyhedrosis Vlrus (18)

27
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tuge in pest control is that they are hlghly spe-

- cific; most are able to lnfect only one insect
~ species. '

Concern has been e\:pressed that these pntho-
gens may. mutate to attack desirable species.
However, insect pathologlsts believe that the
likelihood of such changes is’ very rempte. Be-
cause these pnthogcns occur in astronomical
numbers in natufe, it is unllkely that industrial
plOdllCthn would significantly * increase "the
chances of such mutation. For example, nuclear

,polyhednosxs viruses currently under develop- -

ment are unique. They are rod-shaped, contain
double-stranded DNA, and have a special pro- -
tein,coating. They have no &nown counterpart,
in other animal or plant vifuses. . -~

The two federally registered pathogens, both

" bacterial agents; Bacillus popilliae - (milky

spore disease) and lyczllus tkurmgzemzs, have
been shown to be quite e“ﬂ'ectlve in the control
of Japanese beetles and numerous cnterplllar ‘
pests, respectively. Research is. currently in
progress on the latter to demonstrate its ability
to control the gypsy moth, a serious hardwood

forest pest in the Northeastern United States.

More than 1 million pounds of this pathogen is

- sold annually in the United States for the con-

trol of caterpillars on vegetables and cotton.
" In addition to the two. registered bacterial
agents, temporary permits have been issued by

_the Environmental Protection Agency for pilot -
testing of the, Heliothis polyhedros1s virus to

control the bollworm (a serious pest of corn,
cotton, tobacco, and tomatoes). Field experi-

ments are well underway with .the specific

viruses of the cabbage, loopér (a major pest of

cole crops), the gypsy§moth the Douglas fir
tussock moth, and the pine sawfly. Use of these
micro-organisms in insect control awaits proof
of safety and reliability and better mass pro--
duction methods. The promise of effective and

" -environmentally sound pest control with these

agents. makes this research of paramount im-
portance. P ‘

-
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jExamplos of Pathogens under Development by Govemmem‘and/or lndustry for Use Agalnst Agricultural and

. t 3 -
FopestPests*(61) =~~~ . , : ' :
Path gens under com ‘.. duction’, . | Important lzrlcultnnlpettlconlmllod - .
o - Bacfllus popilliae (de;,name—Doom) o o Jnpanesa beotlo . o
’ Bacillus thyringlenaia R N ] [ . ’ M
('I‘rade names—Biotrol ® BTB Cm epidopterous pests firvae of moths and buttoerflies)
Thurlolde ® ‘ - , .
Dipel, Parasporin ®, Bakthane ® . . ¢ A : -
169, Agritrol ®) . o :
. , Nuclear polyhedrosis virus 4 Cotton bellworm (corn earworm)
’ ' (temporary label) !
. (Trade names—Blotral VHZ, Viron/H ®) .- Y
* Pathogens under serfous development o . Important lzrlcul(unl pelu Involved
Viruses o . . : Cabbage looper : . ! Douglas fir tussock moth
(Product names—Polyvirocide : _ ' Diamond back moth . . Qypsy moth
"y Biotrol VPO / - - Beet armyworm o - 'Codling moth L
" Biotrol VSE i Tobacco budworm Red'banted leaf roller
Blotro] VTN) . Pink boliworm : - European pine sawfly
. . . Cotton leaf perfomtor "* Pinesawfly .
, .| Alfalfa looper : " Spruce budworm
! o ) ) Fall armyworm ’ Boybean looper ._ %)
’ / Saltmarsh caterplilar Citrus red mite

- o s o . Mosqui&oes
Funzus—lemlelIaMompmnH . Cltrus rust mita

Metarerium anizopliae Pecan weevlil, cornborer, leafhoppers. sugarbeet curcilio, cutworm rrox-
' hopper, rhinoceros beetle, wheat cockchafer |

! Beauperla bassiana . N : Corn rootworm, white fringed beetle, Colorado potato beetle
(Product name—Biotro] FBB) ’ ) . C -
Protozoanr-Nonmalocunae *. .. | Major range grasshopper specles in Montana  * PR
- - . : ) T ; — >
. Pathogens know; but not yet under serious development . Enporunt nzrlcultunl pesta Involved i ' ’ |
Nuclear polyhedrosis viruses . - { Yellow smped army worm / m . ’
- . o . . Almeond moth . LN ;
b : * Indian meal moth - ’ .
< S, +. | Cotton leaf worm
. L f - . R ‘Alfalfa looper
i P . 9 z i v ) .
e Py N e - .
- . sy et o lmporun( forest pests controlled )
Nuclearv'l‘polyhodrosls viruses o ) Oreat Basin tent gaterpillar
o ' . S ] , Western tent caterpillar B
’ . . . o Eastern tent caterpillar
o, n‘ ) . P Hemlock looper (Western and Eastern) N
- 'Y - - .
! ! Mention ofpropl!iotnry names does nof constitute endorsement by the Councll. =~ ° . .. < <
: . 93.?' . B st P :
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Thero are few examples of plant pdtllbgelxs

intentionally used to control weeds int ‘agricul- '

ture, despite the fact that plants are quite sus:
ceptible to diseases. The devastation caused by .
Dutch Elm disease, chestnut blight, and other-
plant. pathogens of desirable plants, however, 18 »
an indication of the potential effectiveness that
a selected pathogen of a weed may have. Inten-
sive. research is needed for discovery, evalua-

" tion, and provision of. necessary safeguards be-

_ sterilization = -~

“fore pathogens of weeds can be released. Alsod

neoded are investigations to gain an under-

stariding of the life cycles and behavior of path- '

ogens in order to develop means of multiplying,

dispersing, and causing them to attack harmful

weed species. - _ N
P

LA ,

v : . N
. . . v

. L& . T
" Ster_ilizatibn of insects was conégi\@d as a
possible control method gbout 30 years 2go.

.. (70) If o significant number of pests in a popu-

N

- Since 1937 it has beeh

Yation can be sterilized, the obvious result will

. bea decline in numbers. - - :

' ‘recogniz’éd‘ that cef: *

" used for direct steriliza-

taih chemicals can be

tion of insects in the ficld. The chemicals, de-

veloped by the Agricultural Rescarch Service :
of- the Department of Agriculture, have ,not

- ‘been employed because they are highly reactive

"1
<.

. !

; compounds with the potential for causing ad-

verse environmental effects.

Field applications of the sterilization tech-

nique have usually involyed the mass rearing
of an insect pest, its'sterilization by irradiation,
and its release in the aréa of infestation. The

.ifradiation causes the reproductive cells of the
_exposed (usuMly ‘male) insect to be damaged

so that eggs fertilized by it cinnot. develop.
Thus, if each of the sterile males mates geveral .

times with fertile females, a sufficient sterile,
. release can decimate the population. This_meth-.

v .
. o
“ '
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od " is ‘totally specific to a single pest ‘species,

and with sufficient continued rcleases, eradica- -
g .

tion of a species from ah’area may be possible.
Eradication of the screwworm from Curagno,

“a Caribbean island, was ‘accginplished in 1955
by sterile releasés. (38) The technique was later

. ~used in a syccessful effort to eliminate this cat-

* tle pest frofftt !
‘and to control it in the Southwesty Conducted :

he Southeastern United States

over a 17-month period, the program used over

N 3.25 ‘billion’ flies on 85,000 squaresmiles of' the
‘Southeast. (J6), Sterile male screwworms con- -

tinue to ba-rpl_eased_ul(png the U.S.-Mexican
border and in“-areas of ou_t;breaks in an effort
to prevent serious reinfestation. Beginning

in 1978, it.'is cxpeéctéd that eradicatiogPof:

the: screwworm Wi‘l‘lu’bgﬁ;ttempt:ed thi‘dughout.

Mexico. , S
Although early. success with the scll_'ewwo‘}'m.
wis encouraging, many oiitbreaks have occurr d -
in the Southwest during 1972. These outbreaks
Kave tesulted from 2 combindtion of factors in-

"+ cluding wifavorable weather conditions -and

. relaxed preventivé measures (e.g., ®.duced sur- »

veillance. and year-round breeding instead of
scheduling births @ occur in the winter months -
when- calves are least susceptible to attack)
‘This case illustrates -the need for continuing-
_surveillance, preventive mgasures, and knowl-
edge of the’ relevant factors in" any. successful
pest control program. . .

Mare recent attempts to eradicate 13 other

insect sp‘ec'ems;by the sterile male technique have

also had some difficulties. (28) Most of these
cases represented areas densely populated with

petts, and the sterile males released comprised .
‘too\small a fraction of the population to result -

hificant pest: control.. The field tests “did
apability of the sterile male tech-

- niqué to\reduce insect population levels dras- '

tically in gheas with already low pest densities.
.The techyfique can also work well in“conjunc-

“tion with other methodS togeduce pest popula-. -
.tion levels. . o

3

~
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As in the case of biological controls, there is
insufficient knowledge of how to mass-rear cer-
tain insects, and even when knowledge is avail-
able, there is a lack of facilities to do so. ‘

other methods

' There is a wide range of ideas. for new pest
control techniques. Antifeedant chemicals offer

‘@ unique approach in that insect pests are in-

hibited from eating a crop. By chemically mak-
ing the crop repugnant to the insect, it must look
elsewhere for food. .

Chemigal repellents drive insects away from
the area to be protected. The earliest repellent
known.is smoke. Oils and plant extracts later
came into use. Synthetic chemical repellents
were developed after 1933, but these generally
were for nuisance insects, such as mosquitoes,
rather than for plant pests. (.44) '

Electromagnetic energy can also be used as a |

nonchemical control method. The range of en-

, ergies includes radio. frequency, infrared, ultra-
violet, x-ray, and gamma ray. The cffects vary

from disorientation of the pests and other be-
havioral effects, to sterilization, and to lethal

- laboratogy. ‘Research continu

- ¢

effects. With the exception of sterilization, few,
if any, major field successes can be cited, largely
because current costs and lack of technology
Revethys far confined m experience to the
in these new
the hope, that they will result in im- -
nt new means of control. :

.

summary -

Several promising ’tedh-njqu%' of pest supres-
sion are now in various stages of development.
None alone offers the .hope of a quate pest
control, and with most of them there are ob<
stacles that must be overcome prior to wide-
spread use. Of the techniques describedin this -

~ dhaptér, biological controls and pest steriliza-

tian have been used in major pest control efforts
but are still available only for a small fraction
of the important pests. Pathogens have been
employed only to a limited extent but appear
to hold great promise for the future. Other
techniques“in early stages of development are
likely to play an important role in future pro-
grams of pest control..

o 2
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chapter v
the federal role

~ Integrated pest management can provide op-
timal strategies for controlling major agricul-

" tiiral and forest pests. It should bring into prac-

tice a wide array of techniques with minimal
environmental impact and at lower than

- current practices. The challenge is to overcome

~
N

the many obstacles which lnterfere with the

large-scale implementation of this approach.
The Federal Government can help to meet this

~ challenge.

development of new techniques

As described in,Chapters III and IV, there are
many new techniques of pest control in various

stages of development which have potential as
important tools in a pest management program.

These and other techniques need to be developed

so that crop protection specialists will have more

flexibility in determining the best oonm'ol
methods for varying conditions.
Currently,the Federal Government is heavxly

~ committed to pest control research. Although

in the past much of this effort was related to
development of new chemical .pesticides and
improved a.pphcahon techniques, a large frac-

tion today is devoted to basic research on pests -

and to the development of nonchemical con-
trols. In fiscal year 1971, the’ Department

of Agriculture (USDA), charged- with pri- ..

mary responsibility for pest control, budgeted

$75,194,000 for pest control research. The major -
allotments were $72,131 000 -for basic studies,

$29,994, 000 for nonchemical. control .methods,
$14,874,000 for safer and more effective use of

31



) //pestlcldes and $5,967,000 ‘for JdEnﬁlﬁcatlon of k

-

v

" February 8, 1972, Environmental Message to

" wider-scale

s& I

the effects and fate of pestivides. (65% - .
To emphasize the need for better pest control,

the President announced comprehensue, new .

mtegrated pest mahagement initiatives in his

~ the Congress. These initiatives included added

funds for research and development, demon-
strations of new techniques, and the stimula-
tion of manpower training programs. ‘
A major research thrust has been initiated to
develop new techniques for integrated pest man-
agement. The new $34 million per year pro-
gram of thé Natibnal Science Foundation
(NSF), the Environmental Protection Agency
(EPA), and the USDA will be conducted with
many of our.leading universities. It will focus
on carrying laboratory research through to field
applications on six major crop Systems: cotton,
alfalfa, soybeans, pme, pome and stone fruits,
and citrus. .
* Much work will e done in thls program to
determine the economic threshold levels of all

_the significant pests of these crops. Research

will also attempt to develop new cultural meth-
ods as well as biological agents to control the
most serious pests. The unifying theme of the
research will be to develop an undelstandmg of
the ecology of these agricultural ecosystems and

" to apply this unElerstanding to development of
~more effective integrated pest management

&

‘methods for these and other crops. It is antic-

ipated that significant new control measures
will be developed within 3 to 5 years. &

‘Many promising new pest control and de-
tection techniques await field testing prior to
use. The USDA initiated

. $800,000 field testing program in fiscal year 1972

and is expanding it to a $2.8 million annual.

effort beginning in fiscal year 1973. This pro- |

gram will involve field testing several of
more promising y-ction and control tech-
niques. Although “ach technique requires ap-

i

N oL
ﬁfoxi;n{gely 3 years of testing before results are ..

 final,ithe level of funding will hllow many tests

to be run. simultaneously.
Among the techniques which.appear sultable

x

for field feasibility testing are the tiny. para- -

sitic wasp, " T'richogramma, for tobacco bud-

worm and sugarcane borer; a wasp-like par asitcea

of the green bug on sorghum Bacillus thurin-

~ giensis for cotton bollworm, cabbage looper,

and gypsy moth suppression; sex attractants
for the boll weevil (cotton) and for the codling
moth and red-banded leafroller (apples); the
sterile male technique for the boll weevil, pink
bollworm, codling moth, tobacco horn worm,
tobacco budworm, corn earworm, and hornfly
of cattle and for Caribbean, Mediterranean,
and oriental fruit flies (37); and several ap-
proaches to weed control (70). -

demonstrations

The State Extension Services are responsible

for providing instguétion and information on:
modern agricultural teehnology. The Exten-

sion Service, in cooperation with the Animal
and Plant Health Inspection Service of USDA,

"State Agricultural Experiment Stations, and

State Departments of Agriculture, has con-

“ducted a_pilot cotton field scout program. To

further the acceptance of field surveillance in
insect control, cooperative Federal-State pilot
scout programs were initiated in 1971 with a
project on cotton in Arizona and tobacco in

North and South Carolina, two crops which re-

- celve he_a\{y pesticide doses. The program was
“expanded in 1972 to inchﬁl{e

projects on cotton
n all the major cotton-producing States.and on
apples, potatoes, alfalfa, sweet corn, and some
vegetable crops. It is expected that additional
crops and arcas will be ificluded in.1973. Al-
though to date projects 1

‘¢ been conderned
basically with the pest corthplex of a single crop



and almost entirely with insect pests, ultimately
these programs will involve pest management

";of the entire agricultural operation in an area.
Participating farmers will share in" paying
the scouts’ salaries for the first 3 years, after,

which users are expected to bear the entire
costs. This program is intended to generate im-

mediate employment oppoxtumtles for current-
“and future trainees as’ prlvnte crop protectlon

specialists. : -
In contrast to private sector.pest control,
which is predominantly agricultural and struc-

“has directed USDA and the Department of

" Health, Education, and Welfare (HEW) to

tural (control in and around buildings), Fed-

eral programs are directed more toward for-
est ‘and public health protection, weed control

“in navigable waters and irrigation ditches, and
. quarantine and inspection programs. Despite

the different emphases and the diversity of its
programs, the Federal Government will take the
initiative in demonstrating the désirability of

',integmted pest mnnngement m\lts own pest

1

control programs.
To accomplish this, the Pre51dent ealled for
a review of all Federal pest contrql programs

- to determiné which ories could incorporate or
demonstrate the concept of inte?nted past man-

agement and new pest control techniques. This

work together to assist in developing suitable
curricula and training programs at appropriate
academic institutions throughout the country.

Besides providing trainees with ' field experl-'

_ence, programs will also provide for retraining

individuals from other disc¢iplines. One can
anticipate a mgnlﬁcnqt e émand in agriculture,
industry, and various levels of government for
individuals trained in pest mnnngement With

.ap ox1mntely 350 million acres in agricultural

crop production in the United Stdtes, excluding
pasturelands, there is a, potential demand for
several thousand professionals and mnny thou-

" sands of field scouts.

Over the past-few yen;s, NSF has supported
the training of a number of graduate students in

" the field of integrated pest management. These

reviewv will be conducted by the Federal Work- |

ing Group on Pest Management, an interagency

“committee created in 1961. The Working Group

reviews the technical aspects of all'major Fed-

“eral pest control programs, of hlch there were

over 3,800 in 1971.
l
skilled manpower o

The future of integrated pest management

will be determined in large part by the supply

of adequately trained manpower. To provide
the many professionals and subprofessionals
needed to make. recommendations and carry
out ecologlcal field surveillance, the President

-~

o

[ 3

students will help to provide the teachers neces-
sary to train future crop protection specialists.

The USDA will work with States to develop
certification programs for private crop protec-
tion specialists.” Certification will help assure
farmers of the experience and ability of those
certifietl individuals employing modern crop
protection techniques. It will also allow the
identification of crop protection specialists so
that they may continue to be informed'of new
developments in pest control. o

b v Ty

pesticides

Chemical pesﬁcides will be used even with the
full implementation of integrated pest manage-

" ment. Thus, the Federal Government must con-
,tinue research and other efforts to prevent prob-

lems resulting from human and environmental
exposures to pesticides. Federal effort has in-
cluded considerable research on the effects of
pesticides upon man, animals, and the environ-
ment, The health effects of pesticides will be

/

.
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'dmes

ohe of the subjects of study at the new National
" Center for Toxicological Research at Pine Bluff,

Ark., established jointly by the Food and Drug"
'Admmlstratlon and EPA.

Pesticides hate been regulated by the Federal
Government since 1910. (24) The current law,
the Federal Insecticide, Fungicide, and Roden-

ticide Act (FIFRA), as amended in 1959 and -

1964, (23) requires that chemical pesticides bé
reglstered with EPA prior to theit sale or move-
ment in interstate commerce and that they must
bear warning statements and instructions on-the
label to prevent m]ury to people animals, and
p]ants )

Because FIFRA provides madequate author-
ity to prevent some, of the harmful environ-
mental effects described in Chapter I, the Presi-
dent proposed a new &Rderal Environmentgl
Pesticide Control Act in his 1971 Environ-
mental Message to the Conrrress Among the
important provisions of the Admlmstratlons
bill are: authority to control the use of all pes:
ticides through “restricted” and “permxt only”
categories of use which mqmr ’ supervision
of certified mdnldua]s; streamifiii ng of proce-
and suspension of

for cancellati
pesticides; registratigh and mspectxon of estab-

.lishments manufactuting or processing pesti-

cides; and, authority for the Administrator of
EPA to regulate the disposal or storage of
pesticides and pesticide containers.

A bill containing many of the provisions of ..
the Administration proposal was passed by the

House of Representatives in 1971. The Senate
passed a similar bill in @eptember 1912 The
bills are now in conference..

While EPA currently remrlates pesticigdes,

the USDA conducts a number of pest control

programs. Arrrxcultnres plant protectlon and
quarantine programs prevent entry into the
United States of plant pests from foreign
sources, control the interstate inovement of sych

pests as the gypsy moth and the fire ant, and

control insect pests such as grasshoppers that

2 . bt ot e a4 e s mem eme b a4 a Feen

A

\ \'

build up perlodlcal]y to the Ievel of large- scale‘
outbieaks. The agricultural Juarantine pro-
gram employs inspectors at ports of entry to
intercept dangerous pests. The inspectors also
certify commodities and passenger baggage as
~ pest-freethrough inspection or treatment. Plant .
.protectxon programs strive to eliminate or con-
tain pests introduced in local areas, to prevent
new pest problems in uninfested areas, and thus

“ to feduce theneed for widespread control

measures. | ) A

Because less per51stent but generally more
toxic pesticides are being used in greater quanti-
ties, the threat of acute poisonings from pes-
ticides has correspondingly increased. The Oc-

.cupational Safety and Health Act’of 1970, (43)
encompasses measures to protect both industrial
and agricultural workers. The Act requires that
employees maintain records of worker exposure
to hazardous chemicals, including pesticides. In
addition, it empowers the National Institute of
Occupational Safety and Health of HEW to
develop the basis for standards and regu}atlons
which are promulgated and enforced by the De-
partment of Labor to protect workers from ad-
verse effects of hazardous chemicals.

HEW and Labor are currently developing
further standardsand regulations under the Act
to prevent hazardous exposures of farmworkers
to pesticides from cortaminated surfaces. The
standards are expected to set time intervals for

-workers to reenter a field after it has been
txeuted with pesticides.

summary -
The Federal Government has been intolved
with the regulation and registration of pesti-.
cides for over 60 ycars. The Administration’s
prop05f(1 Federal Environmental Peshcnde Con-
trol Act of 1971 attempts to str-en¢>tf}1e11 controls,
par txculmI) to restrict 'lmlmfnl ‘uses. In Febru-

i




ary 1972, the President initiated new'progmms'
to promote the concept of integrated pest man-

agement through increased research on. new

techniques, field testing and demonstrations,
and develépment of programs for training crop
protection specialists. These new programs and
existing Federal efforts are aimed at developing

13

. : \ .3?"’,

: _ : a :
a wide range of -integrated pest management

tedhniques and the manpower and institutional - .

bases for their widespread adoption. Only
through such development can we ultimately
resolve the dilemma of providing adequate food
for a 'burgeoning population and.minimizing
damage to the environment.-

a )
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The following individuals and organlzat:lons served a major role ln advlslng the Cou.nlcll on Envlronmentnl
* Quality: on integrated pest management.

/ o |
© Mr. Evekett J. Dietrick : ‘ Dr. David Pimentel ' T
. Rincon-Vitova Insectaries . ce o Department gf Entomology - o
_ Riverside, California - L : . Cornell University ! \
_- . S ] i Ithaca, New York - . ST
Dr. R. L..Doutt I _ RS ‘v ' - Ay
Division of Biological Control - Ly r Dr. Paul Santelmann

' University of California, ﬁerkeley ., Department of Agronomy
' Berkeley, California . - "Oklahoma State University

MER . . Stillwater, Oklahoma

Dr. Louis Getzln 3
‘Western Washington Research and Extension Center

N Puyallup, Washlngton _

Dr. Robert van den Bosch
Division of Biological Control
R University of California, Berkeley
. ) : o . Berkeley, California .
Dr. Lawrence Gilbert - . .
Department of Biology . o o R
. Northwestern University
' Evanston, Illinois
/ ) .. T Department of Agriculture

Representa t)ves from :

.y Mr, C.H. Musgrove S ‘ ’ A . N -

" 'Specialist, Integrated Citrus Pest Managerment ) Department ot'"l‘)ef‘ense - "/ .

Riverside, California . . s, k .
o ) Department of Health, Educatlop; and Welfare
Dr. L. Dale Newsom' _ N o
Department of Entomology ' " Department of the Interior .
Louisiana State University Ey ) : W
Baton Rouge, Louisiana . /’ . . Environmental Protection Agency
. L [ o ¢ .
g . . N ) |
- Mr. John Nickelsen ' ~ ¥ National Canners Association

Assoclatlon of Applied Insect Ecologlsts

fi lifornia - ! : .
Shafter, Califo Niagara Chemical Company

Dr. Richard Norgaard . o ‘,‘) v ‘ o L
Department of Agricultural Economics ’ ’ Office of Management and Budget .

. University of California, Berkeley . Lo . ,
* Betkeley, California ‘ " Office of Science and Technology ‘
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