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Editorial
A PROPOSAL FOR FUTURE
DIRECIIONS OF WRCC-60:

BROADEMNG TIIE OBJECTTVES OF
THE COORDINATING COMMITTEE

FOR SUSTAINABILITY

Qince WRCC-6O was formed as a Regional USDA/ESCOPlJCoordinating Committee in 1935, fe have almost
excluslvely focus€d on means to limit pest resistance toconventional chemical pesticides. Howwer, it i, tir"io'
Itq{:l our penpectivi. Many changes nave come inagncufiure and environmerntal researih, both in funding andtechnologL Jn addition, biotechnologf 

'h., 
expanded rhestrategies and tactics of pest -rn3gs;ea1

With continued fooit surplusei, support for agriculturalresg3rch.has dlptined, but thire ha; bdir sone n ioinJ-----rea lloca tion Bio technology and low_input srs tainable,1qrcut1ur9 G:ISA) nas rediveA increasfuf suppon. Global;try19 deplelion, warming, acid rain and frU,ition are of-ler gX tcned interesl Fortunately, fu ndinl for environmen talresearch has not declined due to increasei public.*"r"*.r-

"1_11 
d:mang for grarer artenr.ion to this ard of scien.. fniate of pesticides, food safety and biotechnologr products are

imgacs a3d pesrs may adapt to th6m reaOity, if used
unilaterallv.



For the past few decades, IPM specialists have
emphasized the design of pest control sintems based
primarily on the ecologi of pests and associated species. The
implementation of these more diversified qntems has been
slow and implementation less than satisfactory, but societal
forces dictating adoption of IPM were never stronger than in
1989. We believe this trend will continue and even intensifu.
Yet today, most people involved in pest control are orient*
toward production of new tactics or products of pest control
rather than to th€ organTrns or management s)6terns of pest
control. A case in point is the number of people involved in
discovery, production and use ofpesticides and engineered
3gglts versus those studying management, deployment of
IPM_systems and the ecological attributes of pesrs.

In light of these trends, there is a need for the
development and reestablishmsal of IPM s)6terns that allow
for sustained use of many of the older, more conventional
tacticsintegrated with the new "engineered" agents of pest
control. _It is helpful that new engineered agena and plants
are less degrading to the environment. Through integrated
systems of pest control that increasingly focus on

part of the foundation of a well conceived sustainable IpM
system.

The focus of IPM should to be on both the object(s) and
the m.,aethod(s) of pest mntrol. Moreover, biotechirolo'gical
oevetopments emphasize the need for more sustainabld
systems of management around thes€ new taaics. Such new
tools take considerable time, capital and penonnel resources
to develop. They should b€ vie{,ed much'like nonrenewable

and
Mark E Whalon

Michigan Statc Universi ry

Feature
BEHAYIOR OF

PYRETHROID. S U S CEPTIBLE
AND.RESISTANT HELIOTHIS

WRESCENS I"ARYAE ON COTTON
TREATED WITII INSECTICIDES.

TNTRODUCTION
p esistance to pyrethroids in lepidoptera larvae is
r\apparentiy due to increased rates of metabolic

OBJECTTVE

Tlc quantify_Lh9 b€havior of pyrethroid-susceptible and
I -resistant Heliothis viresceii lareae on cotton plants that

are ueated with a sublethal dose of:
. A pyrethroid ins€cticide, gp€rmethrin,
o A formamidine insecticide, chlordimeform, and
o A mixture of both cypermethrin and chlordimeform.



METHODS

lnsects:
rFhe pyrethroid-susceptible and -resistant stralns of fL
L virescens us€d in this study were obtained ftom a

laboratorycolony maintained at the ICI Americas, Inc.
Biological Research C-enter at pikeville, NC.

Test Procedures:

Measurement of Behavior

f, one-dayold third-hstar larva was placed at the third
.fLmainstem intermode below the shoot terminal of each

analyzeA by converting numbers of observations of each
behavior to p€rcentages and then subjecting them to
statistical analpes using C_ontrast (p s 0.05).

CONCLUSIONS

Q ehavior studies of.H. virescens third-instar larvae on
l-ptleated and untreated plantsshowed that lanae from the
p)'retfuoid-resistant populations responded differentiy than
the lanae from the susceptible popuiation; and that pians

treated with different insecticides stimulated different
insect behavior (fables 1-2; Fig. 1).

Specific conclusions are rh;t:

o Resistant larvae on plants treated with a mirture of
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reregistration. Currently, the cost of development for a
new compound is in the neighborhood of 50 million dollars,
and if a netr production facility is necded for the
compound, another 1fl) milliqa dollan maybe required.
Only the largest markets would justi$ such a development
cosL And under a constantly changng govemmental
regulation slimels, new product development is risky
business. More than anytime in their history, the
agri+hemical industries are concerned about resistanc€
causing an early demise of established products. Therefore,
support for pesticide resistance management (RM) has
become a priority concern within industry.

Although the concern for resistance among industry,
academia and the end users is universal, there are, and will
be, disagreements on how to deal with the problem. The
present discussion focuses on the general problems of
communication and @nsensui among grouPs both within
industry, and between industry and other gouPs involved in
p€sticide RM. Also, some of the challenges that specifically
.face industry research in the development of new
compounds dre discuss€d-
fndustry Research -- Management. Research in industry is
lconducted each year within a fixed budget. Today, more
than in the past, toxicologcal and environmental studies
required by EPA & state organizations monopolizes this
budget, leaving proportionally less to spend on basic or
"discretionary' research. In our ever+hanging regulatory
climate, thes€ costs continue to escalate. Consequently,
only when tu2nrgement is convinced tbat research for RM
is essential to the life of the product and to the benefit of
the customers, are they willing to commit significant funds
to support such research.
fndustry Research Sales. Traditionally, the connection
Ibetween research and sales has been the product label.
Sales group promote the product in accordance with the
label information which is developed by research. To be
supported uniformly by Indr:stry Sales, resistance
management statements should be incorporated on the
product label Very specific statements regarding resistance
are often difficult to put on the label because a Particular
RM strategr may apply only to a particular geographic area,
insect or crop. Often a statement such as 'check your local
crtension office for use in areas where resistance may
Eur'will appear on the label

Sales goups readily promote estabUshed RM
strategies, once resistance becomes a problem or is an
imminent threat to their customers. But our emphasis now
is shifting oward delaying or prorenting resistance
developmenr Consequently, in those areas where
lssisrqnce is not a significant problem, sales must be
convinced that a particular RM stnteg/ is essential to the
life of the product to give their fulI suPPort in promoting
that strateg. Dealing with resistance before it becomes a
field problem will be a new experience for most lndustry
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PESTICIDE RESISTANCE
MANAGEMENT..CTIALLENGES F OR

INDUSTRY

ll ifany pesticides once available to agriculture are no
IVllonger available for use due to EPA cancellation or
industry's decision not to support costs required for



middle man in the brsiness). The dearer/distributor must be
educated and ultimately convinced that a RM strategl that
may adversely effea his short term bottomline is inO-eeO
beneficial to his customers and his long-term business
health. Once convinced, the dealer/disiributors must then
pass the information to the farmer. The farmer must be

6rrompany 
- Qomlany. RM strategies normally involve

\-/groups or classes of pesticides. Success of the strategies
will require cooperation from all companies who markef a
product in that gfoup. Communication and consensus

Tnduslry 
-- Government fl .Fsklive. FPA). Compliance to

r-resistance management in the US is voluitary. Tiere is no
governmental group through which RM can be enforced. In

Optimal RM strategies may conllict with environmental
concerns. RM suategies tbat would prolong the life of one
group of compounds may require an increase in the use of
alternative compounds that are considered more
environmentally hazardous. In another case good RM mav
necessitate higher rates, more frequent app[&tions, 

'

mixtures, ets, rhet would contradlct EPAb effort to
minimize pesticide use" The risk of losing the compound to
resistance may need to be balanced witl tle risks a3sociated
wi th enviro n m ental concerns.

presence of later (but pcsibly resistant) stages. Jrst as RM
will have to be developed in Oe light of environmental

concerns, risks of effective RM \,s current IPM when in
conflict will have to be balanced.

Resistance Management and New
Compound Development

lalurrent research by industry on established products
\-,includes tests for cross-resistance, evaluations of

r Develop resistance risk assessment procedures for
newlydeveloped compounds.

o Determine structure - activity relationship between
pesticides and pesa where resistance has not occurred
erven after extended use of the compound. This fype
of information could aid in the development of "resis-
tant-proof or "low risk of resistance" compounds.

o Develop improved screening methods fofcompounds
Oat are not directly or acutely toxic to the pest, but
still provide broad spectrum plant protection.

. Further explore the use of product mixtures to prevent
or delay resistance.

o Promote regular forums with university and govem-
ment agencies to discuss resistance conc€rns and to
form policies.

a Evaluate risks vs benefits (efficacy, environment,
economics, etc) for RM taaics.

o Begin the RM educatio'nal process for the product end-
user @ncurrently with the introduction of the product
into the market place.



Dr. Walt Mullins
MOBAY CORPORATION

slative Hi
FOOD SAFETY, IPM AND PEST

RESISTANCE

Tn 1988. the Conqress passed the first major
lreauthorizationlnd r'eform of the Fedeial Insecticide,

For those whose livelihood depends on the availability
of necessary crop protection tools, these changes, and their
effects, should be watched closely. Many of these individual
issues have merit, and on the surface are viewed as good
government amendments. Most people realize.that the
Delaney Clause is not good public policy and should be
replaced with a policy that is more pragmatic Similarly,
evbryone agrees-that EPA should move erpeditiously to
reregister older pesticides according to current data
standards, and cancel thos€ that do not me€t the test of
safety.

However, it is critical that careful thought be given to
the cumulative effects of these and other activities on the
tuture avaitability of pesticides. What is the impaa o_! Llese
changes on integrated p€st management Progralns? Will it
exacerbate resistance ploblems? How will minor crops be
impacted?- 

To illustrate the potential problem, we need only look at
some of the activities-currentllundervray at EPd According
to Linda Fisher, Assistant Administrator for Pesticides and
Toxic Substanc€s at EPA, the reregistration requirements in
FIFRA will likely result in voluntary cancellation of 15,00G'
20,000 pesticide use registrations. Some of these us€s are

sinpty paper registrations forwhich the product was
Oiscontinued long ago. Some involve products for which
there are legitimate health and safety problems that would
not meet current sttndards. The majority, however, involve
voluntary cancellations for purely ecsnomic reasons. In
other words, the manufacturer simply chose not to go to the
expens€ to generate new health, safety and environmental
fate data because of the lack of adeqr.rate economic return.

5imilerl/, the process of applying a negligible risk
standard to active ingredienls sllsP€cted of being oncogenic
will further reduce the oPtions of ftrmers when planning
their sPray Progftlllls. I 

qq1ys31 a number of the uses of the
fungicide Gptan were cancelled in order to bring the
oveiall dietary risk down to a negligible level (no additional
risk of cancergreater than one in a million). This year an
even more widely used fungicide, the EBDC grouP
including Mancozeb and Maneb, are being subject to the
same risk reduction effort The result is that some growers
will have no viable alternatives to Protect their crops.
Others have seen their oPtions significantiy curtailed and
will be forced to rely on only one or two products, thus
increasing the tikelihood of resistance problems. The
problem is particularly acute for minor crops and minor
us€s on mejor crops.

Clearly there is a need for policy makers to adopt a
much broader penPective on this issue and to explore
innonative solutions before the problens become
unmanageable. There is a tremendors lack of
understanding of agriorlture and is needs among policy
makers. I am often asked why farmen need more than one
or two fungicides, insecticides or herbicides, or why farmers
cannot simply stop rsing chemicals. Explaining the
compl€xities of pest na&lgement strategies as they relate to
soil, climate, planting decisions, anailable tools, and other
variables is a 3low process that requires a participant who is
willing to be informed-

Farn Bureau believes that there are several thingp that
can be done to respond to this problem.

Fint, with regard to the Problems of minor use
chemicals encoutrtered by reregistration, Congres should

for voluntary cancellation can bc approved, the Ad-
minis6l1s1 of EPA shall not8 growers through the
Federal Register and allow a period of 90 days for the
registrant to errange a tn:nsfer of oe registration to a
wilfing grffir group. If the transfer occurs, no further
regulatory action will take place for 180 dap.

o Data Standards-We have suggested that the Ad-
ministrator bc required to consult with USDA regard-
ing data waivers for ninor us€ croPs and be required _to
mnsider the econonic effects upon minor usen of a
failure to modi$ data requirements.

o \ilaiver of Liabifty-This amendment would P€rnit
growergroups and registrants to agre€ to waive lirbifiry
ior crofOad'age that might occur on croP6- This could



elimiasls a potential impediment for manufacturers to
seek minor crop registrations.

. USDA Authority--Under this amendment, USDA
would establish a Minor Use Registration and Support
Program io 9" Office of the Assistant Secretary for
Science and Education. This office would be authorized
to gather data to support existing registrations for minor
uses, seck tolerances and toleranc€ exemptions, and
gather data to support new tolerances. It would work
ggperatively wirh the IR-4 program.

o Waiver of Fees--With t f , is amendment,  the Ad-
ministlslsi would be required to waive all fees for any
minor usc registration.

o Geogaphically Limited Data--This would allow the Ad-
ministrator to require residue data in support of a
tolerance only from those geographical areas where the
registration of the products allows such use.

Sqpnd,-Tth regard to the implemenration of a negligible
L,truK potrg, we have recommended that EpA use a
"cropwide approach'rather than a chemical
. -by cfgmical approach. For example, by looking at all of

the fungicides used on tom2toes, riskledu;tion can Ue
accomplished in a qntematic mamerwhere those fungicides
posing the greatest oncogenic risk can be removed and those
llat.posg the least oncogcnic risk retained. According to the
National Academy of Sciences, this approach would 

-

eliminate 90 percent of the theoreticaidierary risk with the
least adverse impaa on ftrmen.

In testimony before the Waman subcommittee, Farm
Bureau testified,'We recommend that H.R 1725

ln closing, the problems of resistance, IpM and minor
crop production all have in @mmon, a need to pres€rve a
broad menu of chemical tools for farmers to ch6orc from.
There is at this juncture ln the public pofisy debate an
opportunity to make necessary ctranges that will work to
ensure th't those tools and options are arnailable.

.Ms*A""4Afifffiffi"J
Ancricaa Farn Bureau Fcdcral Alfairs

rnhis legislation propos€s four major changes to current
J law. The central purpose is to change Sdltion 6 of the
Federal Insecticide, Funlicide, and Rod'enticide Aa

FIFRA amendments. ln addition, the legislation proposes
a new etegory of temporary state pesticide registiation to
allow agricultural producen severely impacted by a
pesticide suspension decision to phase out their use ofa

guidelines to be us€d in the calculation of benefits provided
by the use of pesticides.

Cancellation - Amendment to Section 6(b)
Of FIFRA

tsed in accordance wirh its labeling or in accordance with
actual practice,'EPAwill consult with USDA and the

p€rio{ EPA can propose a final cancellation order which
wiU be effective upon publication in the Federal Register.
If EPA has established conditions and terms as an

SUMMARY OF PROPOSAL H.R.3153:
THE PESTICIDE REGUI,ATORY

REFORM AMENDMENTS OF 1989

alternative to cancellation,3O <lays will be allowed for the
regisuant to take those actions or the cancellation will be
final. The cancellation is reviewable in Federal Court and
can be overturned if it is 'arbitrary, capriciors, abr:se of- discretion, or not in accordance with the law." The burden
of proof will be on the registrant to show that the standard
for cancellation is not meL EPA c2n allow the use of
existing stocls of the pesticide after a final cancellation
order and the pesticide can be marketed during the
pendency of the cancellation process.



Suspension - Amendment to Section 6(c)
of FIFRA
ff EPA finds that the use of a pesticide "generally causes an
lunreasonable adverse effect on the environment," they may
suspend the registration of a pesticide. EPA shall consult
with USOa and HHS prior to issuing the susPension order.
EPA shall notiff the registrant and publish the order in the
Federal Register. The order will become effective upon
publication or upon receipt of the notice by the registration,
whichever is fint. The suspension will €xpfue in 180 dap
unless EPA moves to cancel the pesticide. The order is
subject to Federal Court review and can be overturned for
the same reasons as the cancellation.

Emergency Suspension - Amendment to
Section 6(d) of FIFRA

ff EPA finds that the use of a pesticide is "likely to result in
Ian imminent hazard (defined as 'a situation in which the
use of a pesticide pos€s a significant risk to human health')"
EPA can order the suspension of a pesticide without prior
notification of the registrant or consultation with other
federal agencies. The orderwill expire within 180 dap
unless EPA moves to cancel the p€sticide. The order is
subject to Federal Court review and can be overturned for
the same reasons as cancellation.

Sunset - Amendment to Section 6(a) (1)

f, fter initial phase-in and synchronization with the ongoing
f\eregistration program, a p€sticide registration will
automatically expire on a nine-year cycle. One year prior to
the registration expiration (or six months prior for a
formulator), EPAwill nodry the registrant of the upcoming
expiration of registration. The registrant will have to apply
for a renewal of its registration before the nine-year period
expires. The application for renewal wiil be denied unless
the registrant, 1) makes a timely application which complies
with the requirements for registration renewal,2) qgrees fo..r
delivery of information needed for renewal, including a time
table for delivery, and 3) makes a good faith effort to comply
with the delivery schedule.

Continuing Registration - New Section
24(d) of FIFRA

ithin 60 days of a suspension order, a State may apply
for the continued use of a suspended pesticide if: 1)

severe economic dislocation will result,2) no known
alternatives to the suspended pesticide are available,3)
conditioDs for use of the pesticide, including plans for
reducing the advene effects are provided,4) the estimated
volume of pesticide to bc applied and acreage treated are
provided,5) pesticide sale and use reporting provisions are
required, and 6) a listing ofresearch into alternative pest
control is provided. EPA will have 120 days to act on the
State's application and may approve it as long as the

Pest Reslstance Managernent Newsletter

continued use does not Po6€ any "excessive rislc." The
registration \yi[ last one year, with two additional renewals
possible, and will expire at the end of the approved period
or upon final cancellation, whichever mmes finL

Cooperation with USDA - Amends
Section 28 of FIFRA

f TSDA will help EPA identi$ pests to be brought under
l-,/ control and identiS the pest control measures available
for that control USDAwiil provide EPAwith an annual
uflate of this information and identi$ those pests for
which there is concern about the limited number of control
methods arailable, orwhere pest resistance has been
identified- USDAwill also provide a description of
research and extension efforts underway to deal with the
areas of concern and on alternative control methods for
pesticides approved for a continuing registration under the
new Section 2'4(d). In addition, USDA and EPA will jointly
devetop IPM pest control methods, and jointly develop
methods for calculating the benefits coming from pesticide
use. Guidetines for benefits calculations will be published
in the Federal Register' 

Farm Bureau

NewsReviews
ESCOP Resistance Management

Brochure

ETSCOP (Experiment Station Committee on Policy)
-U;subcommittee on Resistance Management has printed a
short brochure entitled: "Management of Resistance to Pest
C-ontrol Agents: A Plan for Action'. C-opies are available
from 

Dr. E H. Glass

Nc*,YorrStatc^*"iffi i}H**"il3;lH
Gcncra. l.IY 14456

Arthropod Biological Control Agents and
Pesticides

f, nhropod Biological Control Agena and Pesticides, Dr.
la.Brian Croft, Environmental Science and Technology: A
Wiley-Interscience Series of Texs and Monographs, is the
most oomprehensive treatment of the subject wer
pubLished It integrates research findingp from numerous
fields that focrs on the interaction of pesticides with
entomophagous arthopods, emphasizing those



characteristics that make natural enemies unique in their
responses to chemical toxins.

This volume documents Oe direct and indfuect toxic
..ff""s of pesticides on entomophagous arthropods (among
them insect-predators and parasitoiOs;, inctuOing thi modd
of uptake of pesticides, lethal and subiethal effe&s,
ecological effects, selectMty, and resistance and resistance
management. It discusses cons€rvation of natural enemies

essential reference for all entomologists and pest control
managers who seek to control p€sts with p€sticides and other
chemicals.

Briaa Croft and

o*u.n.",.*Hffii"#rtffi .."t;T#;fl

Colorado Potato Beetle Resistance
Symposium

f, Colorado Potato Beetle (CpB) Resistance Symposium,
flwill be held in Conjunairin wifn the gth Ann-uaf
Pesticide Research Center C-onference

April ll-12" 1990
Michigan State Universiry
F'^stlansingMl 48ff24

Jnvited 
topic presenrations will b€ followed by disarssion:

Major topics are:

e CPB field resistance monitoring and anhtpis
. CPB insecticide resistance mechanisms and inrteritance
. CPB fucilhrs thuringiensis endotoxin resistance selection

and characterization-
c.ontact Dr. Bob t*".* 

Y;flp;!"I
Pcsticide Rcscarch C-cnter
Michi gan Statc Univrrsity

E$t lrnsirg MI ,18824-1311
FA)( (51D 3545598, Pbonc (5lA 35}'%30
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Molecular Strategies for Crop
Improvement

l\flol_eculqr strategies for crop improvement is rhe rheme
IVIof the UCIASymposium-to G held in Keystone,
Colorado, 7623 April 1990. Contacr:

Sccrctary U CLA Symposia
2032 Armacost Avc.

t-cAagetcs, *,ff.f

SE\{ENTH INTERNATI ONAL
CONGRESS OF PESTICIDE

CHEMISTRY

rFhe S€venth lnternational Congress of Pesticide
r Chemistry (IUPAC) will be held in Hamburg, Germany

on August 5-1fth of 190. With this congress there will be
a poster session and workshop on "Mechanisrrs of
Tolerance and Resistance". Additional information can be
obtained from the Conference Secretariat: Gesellschaft
Deutscher Chemiker, Abteilung Tagungen, Varrentrappstr.
4O42"P.O. Box 90 04 40, D6000 Frankfurtffain 90, 

- -

Federal Republic of Germany 
.d L Devonshire

Rothamstcd Expcrimental Station
Harpcnden,Ilcrt 

ffiflS

ACHIEYEMENTS AND
DE\{ELOPMENTS IN COMBATING

PESTICIDE RESISTANCE

f, mnferencnorganizndby the Pesticides Group of tlie
.cfSociety of Chemical Industry in collaboration wirh the
British Crop Protection Council

This majel international conference will review recent
progress in the wrious disciplines required to understand
and tackle resistance problems. It will also provide an early
opportunity to e,mmine how rapid advances in molecular
biologr can be integrated with estabtished chemical and
biological approaches to provide effective,
environmentally-safe ways of combating resistance to
pesticides.

Suggestions are invited for relenant subject matter
especially in the following areas:

o Diagnostics and monitoring
o Resistance problems and management strategies



o Simulation and Prediction
o Mechanisms of resistance
. Future trends

If you would like to offer suggestions and/or receive a
Second Circular, please request one ftom:

Dr. B. P. S. ChambraY
AFRC Institute of Arable Crops Research
Rothamsted FxPerimental Statio n
Harpenden
Herts, AIJ Z]Q
I.INITED KINGDOM

A L Daonshirc
Rothamstcd Expcrimcntal Station

Harpcndcn, Hcrt AI5 2IQ
TIMTEDKINGDOM

Protection of Tropical Crops is theme of
Caribbean meeting in Puerto Rico in 1990.

TTthe Caribbean Division of the American
I firytopattrological Society is holding its 30th meeting in

Mayafiael,Puerto Ria,27-37 May 1990. Speaken include
Julio Bird, on virus diseases; Charles Delp, on fungicide
resistance, R. Rodriquez-Kabana and N. Acosta, on
nematode management and biocontrol; Paul R. Hepperly'
on disease resistance and hybrid vigor; and Karl
Maramorosch, on mollicutes in tropical crop. In addition
there will be paper sessions and tours. For more
information' write: 

Dr. Julia s. Mignucci
D€Pto. dc Protccbo dc Cultirc

Colcgio dc Cicocias Agricolas
Rccin to Uni'rc nitarioic 

.Hffi
Mayagucc Pucrto Rico 0m9-5m0

SI-IMMARY OF IRAC - US COTTON
COMMITTEE MEETING MINUTES

consider including consultants, ertension and grower
gloups. Discr:ssion and review of insect and pyrethroid
resistance among states attended followed.

The next meeting at Beltwide Conference is January 10,
1990.

Doo V. Allcmann

'Ttr?'3;
Grccnsboro. NC 27419

INTERNATIONAL PEST RESI STANCE
MANAGEMENT CONGRESS:

WORKTNG GROTJPS PREPARE FOR
NOVEMBER 1991 MEETINGS

broad basc.
Tbe @ngress organizrlisp will identi$ Practical

approaches to encourage and coordinate the
implementation of local resistance nanagement prograns
on an international scale. This will be accomptished by

The Agricultural Research Institute (ARD has3greed_
to host the-fint INTERNATIONAL PEST RESISTANCE
MANAGEMENT CONGRESSS FOR
IMPLEMENTATION to be held at the National Academy
of Sciences in Washington, D.C in November 191.
Support is 69ming ftom government, industry and
forindations. The thirty six membcr Host Nation Planning
Committep and co+hairs of WorHng Groups rePresent
academic, environment, government, and industry interests,
and will involve broad international participation. Both
scientists and policy makers at senior decision-making
ler/ets will b€ invited to the Congess meeting

11



Congress ional Charter:
Dr. Keith J. Brent (Long Ashton,llK)
Dr. Bernard C Smale (EpA,, US)

Communications and Data Manasement:
Dr. John illgtglfe (CAB Internationat, Uf;
Dr. Stuart H. Gage (MSU, US)

implementation Constraints:
Dr. Lyndon Hawkins (CA Dept Food & Ag., US)
Dr. Van der Graaff(UNFAO, Rome) lpenEing; 

'

Insect Resistance Management
Dr. Raymond E Frisbie (Texas A & M. US)
Dr. GeoffreyJ. Jackson 6WnitnaOCFAp, UK)

llallP.athogen Resistance Management
Dr. Heinfried I:ufersweiler GnAg Germany)
Dr. John Northover (Ag. Cadada)

Weed Resistance Management
Dr. Johathan Gressel (Israel)
Dr. Homer M. I-eBaron 6filiaC, US;

uring 1990 and 1991, Working Groups will prepare
options and recommendations on splxific Gues to

cjiscussandaggpt by the Congress at it'6 first meeting in
November 1991.

For additional information write to:

ro,"-",io"l'i*ffi f,fffi*T*,elHt
Hat Nation planniog Commlttcc

P.O. Box f5760
Arlington, VA Znl5glffi , U.S_A.

FAX (703) 557-1884

I.INITED KINGDOM WEED RESEARCH
ACTTON GROUP (WRAG)

I2

o Provide a forum for information exchange beNeen
people actively involved in research into herbicide
resistance.

a Define research needs.
. Discuss strategies to avoid resistance or to manage

resistant populations
o Discnss test methodologl and agree on standards if

possible.
o Agree on statements for the media.

*#3u:l[I
I-ong Ashton Rcscarch Station

Long Ashton, Bristol BSlg 9AF

.#iB"Jilsfffi

Resistance Around the
Globe

MOMTORING INSECTICIDE
RESISTANCE IN fuTYZ,US PERSICAE

of enz5fme between these rariants caused by a
conesponding amplification of esterase genes. eualitative
estimations of HIW content are made with
electrophoresis but a rapid and sensitive immunoassay
technique.lllorn a precise quantitative analpis of a large
number of indMduals.

Asurvey of the national distribution of resistance in
unsprayed populations throughout the U.K has shown that
moderate levels of resistance (R1) predominate but the
more r€sistant types, R2 and R3, which were extremely rare
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in the field a decade ago, now account for approximately
EVo of.tbe population. Consequently, multiple spra)t are
becoming increasingly nec€ssary, which in turn dramatically
increases the frequency of very resist:nt rrariants.

The immunoassay hes been used extensively to estim2te
resistant levels in large numbers of single ins€cts. However,
extremely resistant (R3) aphids, which have been common in
glass houses for manyyears, can spontaneously lose their
elsvated esteras€ levels in the absence of inseaicide while
1e1aining the associated esteras€ gene amplification.
Consequently, the true identity of these 'rerirertants' cannot
b€ determined by measurement of esterase levels alone. It
has been shown that loss of resistance ocsurs because the
amplified esteras€ genes are no longer expressed in revertant
aphiG, and such individuals can therefore be distinguished
from truly susceptible aphids by DNA probing. Insrabiliry in
esterase let/els has only been observed in aphids which have
amplified genes for the esterase E4, while rhose wirh
amplified genes for FBl show stable esteras€ levels. It is
important to identi$ revertant aphids since a small
proportion of their ofrpring have high levels of esterase
which can then b€ reselected by insecticides. This is
particularly important as the proportion of R3 aphiG is
increasing in field populations and consequently revertants
are also likely to become more abundant.

The loss of transcription in re''/ertant aphids correlates
with low levels of DNA methylation, whereas the amplified
esterase genes in resistant aphids are highly methylated. It is
therefore desirable to determine not only esterase levels and
degree of amplification of esterase genes but also the type of
gene and the extent of methylation. This is not possible for
single aphids but can be done using DNA extracted from 20
of their clonal offtpring, which is digested wirh the
restriction enzyme MspI or HpaII. These enzymes recngnize
the same sites (CCGG) but only lv{spl will cur when the
internal cytosine is methylated. Thus southern blou probed
with E4 cDNA give different restriction pattenui for the two
enrymes if the esterase DNA is methylated. Furthermore,
the restriction patterns identi$ the type of esterase gene
present (E'4 or 534; and by comparing the amount of probe
binding with standards the esterase gene content can be
classified as high or low. So far, approximately 50 samples
have been studied ftom 1989 field populations, mnfirming
that either amplified Bl or FBl genes are present wirh
various degrees of DNA me'.hylation, including
unmethylated anplified E4 genes accompanying low levels
of E4 (i.e. rex/ertants). Thus, a much more detailed picture
of the resistance status of aphid field populations should be
provided by combining the immunoassay and DNA
diagnostie

References:

Field, L M. Devonshire, d L, ffrench-Constant, R. H. and
Forde, B. G. 1989. The combined use of immunoassay
and a DNA diagnostic technique to identi$
i nsect icide-resistant genotyp€s in the peach-po ta to ap hid,
Myzus penicae (Sulz). Pestic Biochem- Phpiol.
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associated with loss of insecticide resistance in the
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S. D. J. Smit\ L M. Ficld and d L Dcr'onshire
Dcpartmcnt of lnsccticidcr and Fungicides
AFRC Institutc of Arablc Cro'pc Rcscarch

Rotba-mstcd @rimcntd Stat ioo
Harpcodcn, HcrtE, AI5 zlQ
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Role of Glutathione S-Transferase in
Methyl Parathion/Parathion Resistance

in Diamondback Moth

Except for a few chlorinated hydrocarbons that are now
banned, organophosphorus (OP) insecticides have had the
longest history of use in the control of diamondback moth,
Pfuu lla rybste lla. Nthough the subsequenfly developed
pyrethroids and benzoyl phenylureas showed high potenry
against this ia5sct in the beginning of their introduction,
OP compounds remain the group hrmers can turn to when
resistance to other types of compounds should occur. In an
attempt to clar$ the role of glutathione S-transferase in
OP resistance, we measured its activities towards model
subs trate, l,2dichloro4nitrobenzene (DCNB), and two
OP compounds, me0yl para0ion and parathion, in a
susceptible (FS), methylparathion-sclecred (MPA),
parathion-selected (PA)pnd a field pQ strains of
diamondback moth lanae. The susceptibility to methyl
parathion and parathion of these strains is given in Table 1.

Glutathione S-transferase activities measured in
DCNB conjugation did notvary much among the four
strains of diamondback moth with ca- 400- to 2ffi,fold
lgsistqn6B to methyl parathion and parathion (Iable 2).
Yet, resistant strains pcsessed significant$ higher rates of
methyl parathioularathion degradation as compared with
the susceptible srai4 and this degrad.ing ab4ity appeared
to correlate with tle resistance levels. Parallel work did not
show any evidencc of the invoh,rement of micrmomal
monooxygenasc or hydrolases in diemondback qroth
lssi5ren6s to thes€ t*o OP compounds

Our data indicatc clearf thst gutathione,S-transferase
aaivity measured with some standard subetrates does not
alwap reveal fully the contribution of this detoxiffing
etzlme to OP resistrnce observed in ins€cts. Degradation
of OP compoundspcrsc should bc determined Cunent
findinp of the close relationship bctween gutathione
S-tralsferasc degradation and OP resistance offen an
explenrli6a to as why hrmen czn turn to OP

Insecticides for the control of rtiemondback moth when
this p€st becomes resistant to pyrethroids or benzoyphenyl



Kao, C H., C. F. Hung and C. N. Sun. 1989. parathion and
methyl parathion resistance in diamondback moth
(I-ep idoptera :Plu tellidae) larvae. J. Econ. Entomol.
82:7299-73M.

Hung, C. F. and C N. Sun. 1989. Microsomal
monooxygenases in diamondback moth larvae resistant to
fenrralerate and piperonyl butoxide. Pestic. Biochem.
Phpiol. 33:L&L75.

Lin, J. G., C. F. Hung and C. N. Sun. 1989. Teflubeuuron
resistance and microsomel monooxygenas€s in larvae of
the diamondback moth. Pestic. Biochem. phvsiol.
35:2G8.

Table 1. Sr:sceptibility to methyl parathion and
parathion of a sruceptible (FS), merhyl parathion-selected
(MPA), parathion-selected (PA), and aheld (LC) strains of
diamondback moth larvae

ureas. Resistance to the latter in diamondback moth has
been attributed to enhanced microsomal oxidation.
References

Methyl parathion
Strain

Parathion

HS
MPA
PA
LC

0.m3
61.1
23.9
10.3

594
tu6
390

?f.57
1039
w

0.048
28.5
50.2
18.7

"Resistance ratio.

TableZ. Glutathione S-transferase activities of a
s uscep tib le (FS), merhyl parathio n -s€lected (MpA),
parathion-selected (PA), and a field (LC) strains oi
d i amondback moth lanrae

Strain

v.2
55.6
38.3
6.6

FS
MPA
PA
LC

nmoVmin/mg protein

10.5 10.1
158 118
110 t39
66.8 63.4

oMethyl parathion
tParatf,ion

o*",r."",ffi-lH[,1"J
National Chung-tlsing Univ.' 

Trichwgtastai4ttl
. REPUBLICOFCHINA
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Detoxifying Enzlfmes of Selected Insect
Species with Chewing and Sucking Habits

1 orels of major detoxifying enzymes, glutathione
l-lS-transferase, carboxylesterase and microsomal

Different profiles of detoxi$ing systems were observed
between the chewing and sucking hs€crs (fable 1).

Glutathione S-transferase activities in term of
1,2{ichloro-4-nitrobenzene conjugation were generally low
in the species studied, and could not be detected in the two
planthoppers, N.Iugens and L. striatellus. The three
rice-feeders possessed much hi gher carboxyles terase
activity than the rest. The microsomal monooxygenase
activity, in term of Odemethylation of methoxyresorufin,
was 5G100 fold higher for the rwo chewing lepidopterans
than the five sucking homopterans. This fundamental
di.fference in the makeup of detoxifying enzymes may be
related to the fe€ding habis of rhes€ insects.

Sucking hs€cts contact only sap in the vascular tissues
of the plants. Over gOVo of the materials translocated in
phloem consists of water-soluble compoun&, €.g.,

lepidopterous species.
The observed different detoxiffing er:zyrr,e makeup may

also be related to the mechanisms of insecticide resistance
identified in th€se insects. Microsomal monooxygenase
detoxication has been related to diamondback moth
resistance to pyretfuoids and some benzoylphenyl ureas,
while this oxidative mechanism has not been found of
major contribution to the iDs€cticide resistance in the five
sucking ins€cts. On the other hand, hydrolytic degradarion
has been reported as the primary €use of resistance to
organophosphorus, carbamate and pyrethroid insecticides
in the Sice hoppers and the green peach aphid.

Future development of compounds for the control of
these insect pests should take this difference of detoxi$ing
enzym€s into consideration.

Reference

Hung C. F., C. FL Kao, C C Liu, J. G. Lin and C N. Sun.
1990. Detoxi$ing enzymes of selected insect species
with chewing and sucking habits. J. Econ. Entomol. (in
press)



Insect cf cEb MMoc

P. ryIostella
O. fumacalis
N.lugens
L. striatellus
N. cincticeps
H. erysimi
M. persicae

g
Drotein.

bpriot 1-naphthyl acetate hydrolfzed/mWmg protein.
tpmol methbxyresorufin O4emethylated/min/mg protein.
di.{on-detecta6le.

Cbih-Ning Sun

*o,*"?&';$.H'trri'1H
Taichung Taiuran 4O227

Rcpublic of Ctina

RESEARCH ON THE MANAGEMENT
OF INSECTICIDE RESISTANT PESTS

IN TATWAN

Table 1. Activities of glutathione S-transferase (GT)'
carborylesterase (CE) and microsomal monoorygenase
(lvftfO) of selected insect species

4
25

ND.I
ND
20
2L
75

f, fter more than 30 years of inseaicide usilge in Taiwan,
.flseveral p€sts have developed resistance to p€sticides.
Among them, the brown planthopper on rice, the
diamondback moth (DBM) on cruciferous vegetables and
several mites on fruit plants are notoriou. The muncil of
Agriculture decided to organize a team to manage tlie
problem in 1989 and funded US $1.0 million to suPPort the
DBM research project. Dr. Blward Y. Cheng, Taiwan
Agricultural Research lnstitute, s€rves as the Project
coordinator. Nine researchers from 5 research institutes are
participating in this project- The objectives are to (1)
establish the homozygous resistant strains, (2) develop
biochemical detection techniques for resistance, and
ultimately to (3) der/elop an IPM system by integrating both
chemicals and biologically-based control measures.

According to Dr. Cheng's prwiots studies and field
monitoring, the DBM, rooted from the mhed function
oxidases MFOs), has dweloped resistance to carbamates,
synthetic pyrethoids and newly inuoduced insect growth
regulators registered so far in Taiwan Resistance can reach
from hundreds to a thousand fold- Separate MFOs are
involved in different groups of insecticide and no cross
resistance among them has been detected- However, the
resistance ratio for organophosphorous insecticides is
usually in the range of 5 to-less than one hundred fold and is
mul ti -iacto rial. Qualitative differences in esterase activity'

2.2 160
L0 ?98
N L 9
6 5 N D
20 ND
0.9 2.5
1.8 0.7
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enhancement of carboxylesterase, decrease in AchE
sensitivity and hig[er glutathione-s-t$nsferase activity are
also involved Three types of OP resistance according to
their stability have been characterized for different OP
insecticides Compounds such as cadap causing only
unstable resisrln@ still can b€ us€d to control the DBM on
an alternated basis. So far no enidence of resistance to
fucilhts thwingictlsis has been reported. 

cb.iou-nan chen
Plaot Protcction Division

C,ouncil of Agiculturc
Taipci,Taiwan, ROC

RESI STANCE IVIANAGEMENT
STRATEGIES FOR NEW ZEAI,AND

fn April 1987 the New Zealand committee on Pesticide
IResistance (NZCPR) was formed to address pressing
problems on p€sticide resistance, partianlarly among p€sts
of horticultural crop. Rapid growth in the horticultural
sector has been accompanied by increased use of pesticides
as producers and erporters strive to me€t the quarantine
requirements of importing countries. However, because
there is a wide rariation in the acceptability of different
residue in different markets, New Zealand producen are
increasingly dependent on an narrow range ofpesticides
that are acceptable in all export markets. Therefore
selection pressure on some p€sts ry certain P€sticides is
very high.

Crrrent$ the NZCPR bas t*o Task Group
(Insecticides and Fungicides) with representatives ftom the
agrichemical industry, govemment agencies and universities
@lliott et aL 19&7). The function of these g1ouPs is to pool
relerant information on resistancc, recommend monitoring
methods, verify reports of resistance, en@urage resistanc€
research, identi.$ p€sts and pesticides subject to high risk of
resisunce and dwelop resistance mtnagement strategies
aimed at prolonging the uscful life of pesticides.

Rcsisunce mrnrgement stretegi€s are reported
annnally at the Nery 7*aland We€d and Pest Control
Society conferences and published in the cooference
proceedingp. To date, resistance mrntgement stmtegies
have boen developed fon

o dicarboximide tungicidc @lliott ct al. 1988)
o phenylamide fungicides (Elliott ct aL 7966)
o demethylation inhibitor fungicides (Prince a aL 7989)
o spider mites (Prince a aI t9B9)
o leafrollers (Prince a aL 9{f9)
Further strategi€s are bcing developed for greenhoue

whircfly, green pcach aphid and diamondback moth.
Further information can be obtained ftom the author.
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HERBICIDE RESISTANT WEEDS IN
AUSTRALIA

N"-(1
(+)-2-I+Q,+

1 3 J- triazin e -\44iamine; diclofop,
propanoic acid;

9iq*t, 6,7dihydr_odip:inCo[ t2- 6:2,, f'-c1 piradnediium
ron; paraqut, 1,1'-dimethyl-4,4'-bipyridinium ion; annual

2- @ :2', 1'-c] pyrazinediiun
4'-bipyridinium ion; annual

ry:gflTr Lolhm rigidun; Gaud" #3 ; apwee/,, Arcntheca
calendula; (L) kr/yns. # ;hzrebarle[Hordeurn lcoorirunto.k@4ig:) keyns. # ; hzre bartey,
Lilk t rid-rdC:6i aiwy nor*rii

Iqorirum;
!_rn! # fl(JKLI5 waltbafley Hordcum glancun; Steud. #
HORMC; wtld oat, Avena faua L #A\EFA Additional
index words. Cross raistance; Arrtoheca calerdttla; Avena
Qry?; Hordeum glancam; Hordetim lcporintm; Lolium
ngi.dtrm.
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WEED RESISTANCE TO TRTAZINE
HERBTCIDES IN POLAND

o{TloJ other species of weeds in herbicide strips, part of"1 lTr-J \rurEr rpq,;r(^r ul wec{js t! IrcfDlqqe slnps, pan oI
which is probably also resistant to triazine herbiciO-es, as it

rpriazine herbicides, mainly simazine and atrazine, have
I been used in commercial orchards, bush ftuit

plantations and fruit tree nurseries in Poland since the earlv
60s. First report on the app€arance ofweeds resistant tcr
these herbicides has been published by Lipecki and Stanek
(1983) ancerningEigeron canadensis L. and Gawronski

and pot experiments and the resistance of weeds has not
been checked by physical methods. However, the fact that
9!!ult" buna-pastoris (I-) Med ptants survived the use of
10 kg-ha-1 of active ingredient of simazine in pot
expeTnents points out that they are resistant, in enrymatic
or chloroplastic way.

Observations carried out in commercial orchards in
t.tern Poland in the years 798y',-I989 showed the presence

The occurrence of species in which the resistance to
triazines has not been found up to now was also observed in
some orchar ds with Erdium c icuurium (L^)L,Hent, Vn ta
anmsis Murr., Geranium pisilfuntL and Lamium
purpureum L being the most common. Their occurrence in



E canaOjnsis 65 86 T2 73 79 4

D. sangrinalis T 0 4 36 50 m
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Tablc 2. Thc pcrccntagc of thc intcrr€ff corrcrcd by sooc *tlds (cxpcrimco'

tat; apptc orchards. AES Fctio ncar Lublin o*rrll hcrbicidcs)

.7
C Uuna-p""toris t.7 L2 03 3.8 02 0'0 0'0 U E3
E canadinsis O.O Oi O-7 7.1 5&6 732 X7 U'7 6'4
E- cn s-gdfri 5.6 7.1 7.6 9.1 0'9 0'4 l'0 25 lLl
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DEVELOPMENT OF RESISTANCE TO
BACILLUS THARINGIENSIS IN FIELD

POPI,JI"ATIONS OF PLATNU.N,
)ffLOSTELI,{ IN HAWAII

reD€atedly with Br were significaatly higher thqn ths LCso's
of'two suiceptible laboratory strains and several minigulty

NRD-12 strain of Bt. Bioassap showed a sienificant
increase in resisunce during thiq interral Thc LCso in
1l)86 was lO.2 (5.70 - 16.9) compared with 24.1 (17.7 -3L3)

in 1989. Similir tests showed no increas€ in resistance
between 19i16 and 1%9 in two untreated labontory strains

for Bl resistance
We thinl that concerns about the Potential for

development of resistance to Bt, as expressed previotsly in
rhis nei,sletter and elsewhere, are well-founded-
Applications of concePts from resistance manageqent and
ini6grated pest managament may help to prolong the
efficacy of 8t and other biopesticides
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RESISTANCE MOMTORING
METHODS AND STRATEGIES FOR
RESISTANCE MANAGEMENT IN

INSECT AND MITE PESTS OF FRUIT
CROPS

ABSTRACT

rphe establishment of the Insecticide Resistance Action
I Committec (IRAC) under the umbrella of the
International Group of National Associations of

IRAC has establlshed a number of working groups based
on cro-ps or pjoblems anqthis paper describes the progress
pqd^"-!y the Fruit Crops Working Group since it vias Gt up
in 1985.

IRAC Fruit Crops Working Group.- members, 1988:

R W. I-enon, Schering Agrochemicals I imilsd (Chairman)
C Erdelen, BayerAG
+ SL J. Green, Merck Sharp & Dohme Research
l:boratories
A C Grossarrt, Dupbar B.V.
P. K l-eonard, Dow Chemical Company Limited

I8

H. P. Streibert Ciba-GeigrAG
J. Tipton Shell lnternational Chemical Company Limited
A Waltersdorfer Hoechst AG
1n order to set Priorities for future work, in 1985, IRAC
linitiated an extensive surve,y of resistance problems
though is own member associations and companies. The
resultsof tlis suryey were analyzrA by the Working Group
and published by Voss (1988). The analysis was based on-
IRACs definition of field resistance. For the term
"resistant'to be applied, the following criteria must be met:

o The product for which resistance is being claimed car-
ries a use recommendation against the particular pest
mentioned, and has a historyof successful performance.

o Product failure is not a consequence of incorrect
storage, dilution or application, and is not due to un-
usual climatic or environmental conditions.

o The recommended dosages fail to suppress the pest
population below the level of economic threshold.

o Failure in control is due to a heritable change in sus-
ceptibiliry of the pest population to rhe product.

he perceived problems were divided into three
I categories.

ln the first category were grouped those cases where
resistance rendered chemical control difficult or
uneconomic in a number of countries. These were cases
where involvement by industry had become essential.:

Pest Crop
Resistance to
Chemical class Territories

M. posicae peaches

Psylliaspp.

A aurantii

OP's
carbamates

OP's,
pyrethroids

OP's

vanous

vanous

Worldwide
France, Italy
Portugal,
Australia

Europe
N.America

Greece,
mid-East
S.Africa

Worldwide

U.S.dJapan,
Italy

P€ars

citrus

P.uhni & top fruit
Teran chus
SPP.

P.citri citrus

fn the second etegorywere those cases which have the
Ipotentiel of becoming more serious. Careful observation
and initiation of monitoring programes was re@mmended.



Pest Crop
Resistance to
Chemical Class Territories

E.lanigerum
P. humuU

C. pomonella
L. scitella

L. blancardella

S. pilleriana
B. phoenicb
E. carpini
D. theobroma
S. Singularis

apples OP's
hops OP's

carbamates
pome fruit OP's
pome fruit OP's
benzoylureas
pome fruit OP's

pyrerhroids
grap€s OP's
citrus various
grap€s various
cocoa chlorinated

hydrocarbons

Spain

Europe
Argentina
Italy

Greece
U.S.A
Spain
Branl
France
Ghana

l'n the third category were cases considered to be of low
fpriority at this time, which will remain in IRAC's database
but will not lead to action in the foreseeable future.

]ltq problems identified in category l were ranked by
the Fruit Crops Working Group into the following ordei of
prioriry for development of monitoring methods and
recommendations for resistance management.

o Panonlchus ulmi/Tetranychtts spp. - deciduous fruit
o Prylla spp.
o Myzus persbae
o Panonychus citri
o Aonidiclla aurantii

MONITORING METHODS

- pean
- peaches
- cit'rus
- citrus

f, n effective susceptibility monitoring programme to
^(aobhin baseline data and to derect early signs of
resistance in field populations of insects airO mites is an
lmportant component of any resistance management strateg/.

Many companies undertakb resis tance moni toring
programmes using their own test methods but

o Myzu persl'cae - adults

fThe methods are designed to b€ used by field p€rsonnel
I without sophisticated laboratory facilities anld to simulate

the field treatment conditions as closely as possible.

lqrEtxltEtl?E:ed-idw
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Descriptions of the methods are now available from
GIFAP. It is emphasized that the methods have been
vatdated forspecific compounds or classes of compounds
only and modifications may b€ required for compounds
with different modes of action.

The following is a brief summary of each of the
methods currently available.

Spider mite adults

The method adopted by IRAC is a whole leaf residual
pntaq assay bas{ on rhat describ€d by Welty, et al (19g7)
in work on cyhexatin resistance inP. ulmi.

Apple or plum leaves are dipped for five seconds in
selected dilutions of the test formulation and then placed
top surface uppermost on a layer of moist cotton wbol in a
9cm open p€tri dish. A strip of damp cotton wool 1 cm. in
width is laid around the p€rimeter of the tr-eated leaf, half
over the leaf and half over the cotton wool bed.

Ten adult female mites are then placcd on the surface
of the treated leaf. After a recommended exposure period,
the mortality is assessed using a binocular microscope or
hand lens.

The method has been validated for bromopropylate,
cyhexatin, dicofol, formetana te and p ropargite.

spp.

the method adopted is similar to that recommended by
FAO and described in Anonymous (lga). Seaions 6f

plum or apple leaf are placed top surface uppermost on a
sheet of moist filter?aper on noist cotton wbol in open
petri dishes. Ten-fifteen adult female mites collected from
the field are placed on each leaf section and maintained at a
minimum temp€rature of.?frC.,minimum photo period 16
hours and a high light intensity, but not in directiunlight.

After a maximum of 48 hours, when sufficient eggs
have been lai4 the mites are removed. The leaf seaions
with eggs are then dippcd in the test liquids for five
seconds. The leaf sectioDs are returned to the petri dishes
6ad main[fued in the conditions described ab6ve until
hatch can be recorded.

The method has been validated for clofentezine,
hexythiazox and tetradifon.

IVinter eggs ofP. uJmi

I Y



plaTd on a film of p€troleum jelly in a petri dish and egg
numbers are counted. The dishes wittr tiOs replaced are 

-

:jg."d ourside but protected from rain and diiect sunlight.
When egg hatch is complete, numbers of hatched larvaE are
recorded.

The method has been validated for clofentezine and
herythiazor

Pear psylla

qhoots infested with immature stages are collected from
lJthe field.' The best time is when lst and 2nd insur nymphs
of the second generation are present. It is important to tra_at
before much honeydew is produced.

The shoots are placed in water and the number of live

Myzus percbae

in response to a touch with a small brush.
The method has been validated for organophosphates

and carbamates.
In addition to the conventional monitoring methods

described above, biochemical methods are being considered
where they can be conveniently used under the conditions
described above.

ST .RAT-EGIES F'OR RESI STANCE
MANAGEMENT

rhe ultimate objective of all IRAC Working Groups is to
agree and recommend strateges aimed at preveniing or

delaying the onset of resistance in the field and the
management of resistance where it already exists.

Ideally, such strategies should be based on an
understanding of the resistance mechanisms involved and
the inheritance of these mechanisms. However, such studies
take time and when a product is fint introduced, the
company can only assess the risk of resistance and has to
decide whether to re@mmend the mmpound in a way that
will reduce that risk to a mininum.

Similarly, when resistance first occurs in the field, the

It was agreed that the strateg/ adopted should be based
on consideration of all methods available for control of the
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pest 1nd the use of these methods in the best possible way
to minimize the risk of resistance.

Chemical methods include the use of a variety of
products, e.g. organotins, propargite, amitraz, dicofol,
bromopropylate, flubenzimine, pyrethroids, tetradifon,
clofentezine and hexyrhiazox and biological methods, the
use of predatory mites (including OP-resistant
Tlp hldromus) and insects.

The published literature together with strategies
implemented by the Fungicides Resistance Action
Committee and by the Pyrethroid Efficacy Group were
reviewed and the Fruit Crops Working Group concluded
that the options available for spider mite resistance
management were as follows:.

o Use of mixtures of acaricides subject to different resis-
tance mechanisms.

o Alternation/rotation of acaricides
r Moderation of use:

o Reduced rates (in conjunction with biological con-
trol)

o l-ess frequent application Qinked with more use o[
threshold numbers and improved scouting)

o LxalizrAtreatments
l\t-ixtures applied as co-formulations, are from the
IVlcompan/s point of view, easier to control than
alternations/rotations. However, in addition to being
subject to different resis[ance mechanisms, ideally the
components of a mixture should have equal residual activity
which can seldom be achieved (Curtis 1985). They should
act on the same stage in the life cycle and in order to gain
the full benefit rhey should be used at full rates which is
seldom economic.

Furthermore, the build-up of resistance to one
component of the mixture may be masked by the activity of
the other component until it reaches a high level and is
then more difficult to manage.

Rotation was therefore selected as the basis of the
recommended strategf, but clearly compounds used in
rotation like those in mixtures should not be subject to the
same resistance mechanisms.

The acaricides available were therefore grouped
according to known or exp€cted cross-resistance patterns,
although it was accepted that knowledge of cross-resistance
patterns was incomplete and considerable research would
be required to clari$ the situation. The provisional list is
as follows. As knowledge improves this wil be revised.

Group A Organotins (Edge & James, 1983) (Batewki, 1983)
Group B Clofentezine, hexythiazox (Gough, 19871)
Group C Bridged diphenyl compounds
Group D PS6ethroids
Group E Flubenzimine
Group FTetradifon
Group GAmitraz
Group H Propargite
Group I Quinomethionate
Group J Benzoximate
Group K Dinobuton



tCase referred to was on roses.
rFhe foilowing guidelines in the use of acaricides are based
I on the above grouP:

o
o Not more than one comPound ftom any one grouP

should be applied to the same croP inthe same season.
o Any one compound should be used only once P€r s€ason

on any one crop.'*
o Compounds from the same grouP must not be mixed.
r Comiounds should be us€d in such a way that d€trimen-

tal ed'ects on predatory insects and mites are minimized.
o Use compounCs only at manufacturer's recom-Eended

rates and timinp.
o Monitoring shoutd be conducted to detect early signs of

resistance.

*rElecaus€ of spccific aaivity against certain life stages'
some compounds may be recommended for two successive
applications to provide effective control
1 greement on a proposed strateg/ is only the beginnidg.

Almplementatio-n of that strateg/vrill not be easy. Itrdl
requir6 not only cooPeration betrveel the agrochemical
companies bu t cooperation with advisers/ortension
persbnnel and most importantly, the grory91s themselves.
The ways in which this wilt be achieved will be the subject of
discussion at future meetings of the Working Group.

PROPOSALS FOR FI]RTHER WORK

1a Tork to establish cross-resistance patterns in spider mites
V Y witt be funded by IRAC A decision on where to place

this project has not yet been made.
A nigh prioritywill be given to the implementation of

the resistance management strategy for spider mite control
in top fruit.

Monitoring methods wiU be developed for Panonyhus
citri and Lancoptera scitella but in view of a reduction in the
use of broad-spectrum OP's on citrus, work on a method for
Aonidiclla aurantii has been postponed'

Resistance managemenf strategies wi[ be developed for
pear psylla and for Myus persicae control on peaches based
on the same principles as those used in the
recommendations for spider mite control.
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PYRETHROID RESISTANCE
STABILITY IN HORN
FLIES..KENTUCKY

T)yrethroid resistant horn flies (an obligate blood feeding
.F pot of cattle) were reared on individually stanchioned
holstein bulls in s€parate screened indoor stalls during
1988. This study fouowed the stability of resistance to
permethrin in the abeence of additional insecticide
selection, with ard without susceptible horn fly
immigration The parental resistant population was
composed of 5% RS and 95VoRR individuals and was ca.
4}-told for the duration of the study (4 generations). One
inflru of susceptible horn flics at e ratio of 1:10
(resistantsusccptible) into another sull reduced the
iesistance ratio to lfold at the LCso level during the F1
generation Although a drastic reduction in the LCso level
occune4 the population was still composed of.32Vo RS and
26%RR individuals with the remainder being homozygous
suscepu'ble. Permethrin resistence ratios during the 4
generation periods ranged ftom 3 to 62-fold and never
approached suscePtible levels' 

Jim Grckand Frcd Ihapp
Dcportmcot o( Eotomology

Unirrcrsity of Kcntucky
Lcxingtoo, KY ,l{1915
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INSECTICIDE RESISTANCE IN
COLORADO POTATO

BEETLE:..PENN SYLYANIA

Tnsecticides provide the only economical method of
Acontrolling the Colorado potato beetle (CPB) in
Pennsylvania. Howeryer, many insecticides are ineffective
due to insect resistance or have variable effectiveness against
CPB. To optimize and preserve the currently registered
insecticides strategies must be dweloped that maintain
insecticide efficacy. The linited efficacy data on available
chemicals througbout Pennsylvania and improper timing of
applications also diminishes'our ability to control CPB.
Thus, the degree of insecticide resistance of insecticides
registered for CPB in Pennsytvania was characterized, and
the influence of insecticide application strategies on
development of resistance was studied

CPB aduls were collected ftom 12 counties in
P ennsylvania during 1987S8 for characteriza tion.
Considerable variation was found within and between
counties. The resistanoe ration (highest:lowest LDso found
for each insecticide tested througbout the state) was ?56 for
Ambush, 47 for Asan4 1,9&5 for $drin, 85.4 for Thiodan,
and?52 for Guthion. The LDso for Sevin and Furadan
were, 318 and 198 respectively, for ail counties.

Tivo application strategies were tested. Sequential
reatment of cPB witl rydrin for five generations, and
otating treatment, of which each generationwas treated
vith a different class of insecticide. The first generation of
CPB was treated with rydrin (synthetic pyrethroid), the
second with Guthion (organophosphorus), the third with
Furadan (carbamate), the fourth with Thiodan (chlorinated
hydrocarbon), and the 5th with rydri& A control was also
included towhich the population was not subjected to
insecticide pressure. Additional CPB ftom the 1st and the
5th generations of each application straterywere treated
with Guthion, Furadan and Thiodan for comparison
purpos€. The tests were performed on laboratory reared
adults.

Results of the sequential applications of $drin for five
generations are cont^ined in Figure 7. ALs fold increase in
the LDso was recorded by the 2nd generation, and
approximately 30-fold increase for the 3rd and 4th
generations. The LDso by the 5th generatioEt was 65 times
greater than tlat of the lst generation Additional dose
respons€ tests on the 6th and the 8th generations resulted in
LD5G 177.5 and 17ffi times gre:'ter tban thatof the 1st
generation The hdrin LD50 for the Rock Spring field
population from 19€i/ to 1989%ried fton0.021to 0.09. No
cbanges occurrcd for the Furadan LDso between the lst and
5th generations. The LDso for the Guthion decreased from
23.7 to 13 from the lst to the 5th generation While the
LD5G for the Thiodan increased from 533 to7.67.

The Pydrin LDso for the lst aod 5O generations of CPB
subjected to a rotating insecticide regime were 0.02 and 0.04,
respectively. The LD5G for Guthion werc23.7 for the lst
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generation and 16.3 for the 5th gcneration. No differences
were detected for Furadan between the 1st and the 5th
generations, where as Thiodan increased ftom 5.33 to 16.5.

There was little change in LDsos for the untreated CPB
population. No changes were found for Furadan berween
the 1st and 5th generations. rydrin increased 2.5 fold from
the 1st to the 5th generation, while Thiodan and Guthion
decreased slightly.

ln mnclusion, CPB under insecticide selection pressure
develop resistance rapidly. In this study the resistant ratio
for CPB treated with rydrin for 5 generations increased 65
folds, while CPB treated with rotating classes of insecticides
and no inseaicide increased 2 and2.5 folds, respectively
(Figure 2). Rotating classes of insecticides appear to slow
the development of insecticide resistance in CPB.
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Jian-xin Huang and Zanc Smilowitz
Dcpartmcnt of Entomologl

Pcnnsytzania Statc Unvicrsiry
Uniwrsity Park, PA 16802

Flgurc 2. Foslstsnco Ratlos! for Pydrln LD50s to
CPB Adults After 5 Generatlons tor 2
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tolerant to Guthion and Parathion' whereas $drin and
Thiodan were effective e^/en at low concentmtions tested.
Winter-form psylla (September) were more_tolerant to
pesticides than summer forms (June/July). kvels of
iolerance and susceptibility were regional and not orchard

long-term solutions for resistance management are more
likely if natural enemies of pear psylla are included in more
selective pesticide management Pr"gffir" rnd Mart E Wharon

DcPartncnt of EotomologY and
Pcsticidc Rcscarch Ccntcr
MichigBn Statc UniwnitY

East L-ansing MI 48821

MOMTORING OF PESTICIDE
RESISTANCE IN PEAR PSYLI,A,
PSYLL/I PYRICOL{, IN WESTERN

MICHIGAN

ECOLOGICAL FACTORS
INFLUENCING DISTRIBIIIION OF O-P
RESISTANCE IN PREDACEOUS NdITES

ON APPLE

rlyphldromus Wn Scheuten and Metaseiulus xcifuntalis
I Nesbitt are the nro primary predatory mite species found

in apples in the Pacific Northwest Both spqcies have
become effective biological control agents of spider mites,
largely because of the development of resistance to
pesticides used in commercial apple production. While the
two phytoseiid species are closely related, differences in
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natural history traits influenccs the potential for their use
in IPM and resistance management progrars. Dispersal
ability is one such trait We have prwiously shown that Z
pyri i rclatively sedentary rarely moving distances of over
10 m in a seasoIl. Alternative$,M. oecidentalrs is higNy
dispersive, moving distances Sreatgr try" 1m m within
weils. These characteristics of migration lead to the
hypothesis rhat resistancenT. pyri should be more patchy
aiO tocatizeO, while a more regional homogeneity in
resistance levels would be found in M. occidentalis.

organophosphate resistance in I' pyn and M- occidentalis
populaiions-in two distinct apple growing_iegiors of
Orbgon, the Hood River and Willamette Vallq6.

For the fint year of study, six erperimental locations
were selected in both the Hood River and Willamette
Vallqn. Within each valley, three sites were classified as
isolated, i.e. surrounded primarily by native vegetation, and
three were classified as intense, i.e. surrounded by other
orchards. Three samples were made over the growing
s€ason along transects ftom the surrounding vegetation L00
m outside the orchard, through the orchard, and into the
surrounding vegetation on the other side. kaf samples
were taken 110 m and 10 m away ftom the orchard, and
from the outside edge and center of the orchard. ln

distrnce ftom the orchard @nter.
f. Wi in both valleys had large differences between

Dopulations within orchards and ouside orchards.
ito'putations from within orcbards were all resistant, with
some variation in their level of resistance. Those at 1m m

level of resistance from site to site, but the population
densities of M. rccidzntalirwere tm low to reach any
concluions,

Further studies will be conducted to e;ramine the
distribution of OP resistance, snd will also emmine
isozymic'rariation between populations inside and outside
of $e orchards. This will help determine the amount of
gene flow occuning into and out of orchards, and indicate
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TIIE NATURE AND
CHARACTERISTICS OF I{ERBICIDE

RESISTANCE IN HTTNGARY

resistance selection--a whole nation.

years of use after corn and atrazine were co-introduced.

Atrazine resistant weeds are resistant to triazines (1.
reto flats, A bouchonii, A hybri&ts, C. album and C. 

'

canadensis), phenylureas (the mentioned species also),
uracils.d retroflexus, C canadensis), bipyridyliums (C.
canadensis) and a carbamate: phenmedipnam (C. album)
(fable 1). In Hungary there is a sse of 

-

atran'nelchloridaxon co-resistance in C. album in fields with
crop rotarion of corn (with atrazine) and sugar-beet with
chloridazon. It should be presumed that each mutation was
an independent event and the frequency of each different
resistant chloroplast biotype should have been the same,
Thus, if it took eight years to obrain populations of triazine
resistant biorypes, it should take anorher eight to obtain
resistance to each of the PSII herbicides used as a

Jure 1. Reslstance Levels found in T. pyri along ar.nsect through thc !{cCarty orc}rards, Hood R1ver, OR

John E Dunlcyand Brian A Croft
Dcpafimcnt of Entomologr

Orcgon Statc Univcrsity
C.orvallis, OR 97331

Table 1.

Species

McCarty Orchard 1989
TypUcdrottxtx pyri

Localion

replacement. Triazine resistance became a fact throughout
the Hungarian monoculture corn growing areas within 8-12

Herbicide resistant weed biotypes and their characteristics in Hungary

Primary resistance
by selection

2nd resisistance
by selection

Tertiary resis[ance
without selection Cross or Co. Multiole

Aretroflau
A hybridils

.d retrofl€xus
A buchonii
C. ahum

atrazine-R

diuron-Ra
atrazine-R
atrazine-R

chlorbromuron-R
lenacil-R
linuron-R
metribuzin-R
phenmedipham-R

phenmedipham-R
fenuron-R
pyrazon-R
Pyridate-R
chlorbromuron-R
diquat-R
linuron-R
metribuzin-R
terbutryn-R
terbutylazin-R

diuron-R

Paraquat-RC.candensis atrazine-R
paraquat-R
diuron-R

+
+

+
+
+
+
+

+
+
+

+
+
+
+
+
+

C. awmse phenoxy aad (Z,4-D,MCPA) -R
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mentioning a Period of 6 Years'
h 1987, we observed that the C. arvense has a resistance

lo n g selection process.

Dr. Pctcr SotYmci and Dr. Endrc
Hunsarian AcadcmY of Scicnccs- 

i{uNcARY

CTIANGE FOR THE AUSTRALIAN
RESISTANCE STRATEGY

over the winter:

r Reduce stage}window by l week (finish Feb. 13) _
o Move stage2 window fomrard 10 days (start Jan. 1, finish

Feb.10)

. Reduce pyrethroid window by l.week (finish Feb' 13)

but attoi,'endosulfan to finish still on Feb' 20'

r Reduce the number of pyretbroid sprays in stage 2, from

3toL
. Remove pyrethroiG altogether for a season'
r Double the rates of pyretfuoids us€d'
. Put Pressure on companies to reduce the Pric€ of stage

3 chemicals'
o Make the inclusion of one OP spraymandatory in stage

.,

o No change. Rely on the flexibility within the current
strateg/ to reduce selection Pressure'

The final choice was oPtion 3.

Summary of Changes for the 1989/90
Strategy

o Pyrethroid window to close one week earlier in all areas,

n6w 35 dap instead of 42 days. Restriction to apply
only in cotton, no change for other summer crops'

o No change to the endosulfan use period'

Whst wiil be the tmpact of thls change?

breaking Pyrethoids.

How much ttnewlll lt give?

prone eastern croPPing areas.

Revised Strategr Guidelines
Do not re-spray a suspected Pyrethoid failure with a

pyrethloid.
ii multiple sPray croPs, use at least thre€ of the five
available chemical grouPs.
The use of ovicides is encouraged when egg Pressures
warrant.
Pyrethroids should only be targeted sa 5mall larvae
Oess than 5mm). Applications on larger resistant lar-
vae will Ue inaffeclive and will increase levels of
pyrethroid resistance. Regular and thorough scouting-is 

essential to achieve this objective-
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Emerald - %ftpethrold Reslstance NrrnotcYrydlr - Ahf|ttro|d Rabtanc.

SUMMER CROP
RESISTANCE MANAGEMENT STRATEGY

I  i l l l  l l l
t :n

;;i

Avoid pyrethoids when there is high FL armigera pres-
srue.
If pyrethroid is used to conuol sorghrlm midge,-do not
fofiow up with a pyrethroid for Heliothis contol as the
inidge spray will- bave already s€lected for pyrethroid
resist"nt Heliothis.
Mininize thc use of endosulfan in ALL crops where
reasonable cost efiective alternatives exist

bv selection of motbs prior to mating.
X- to avoid using a pyrethroid as the last spray for the
s€ason on cotton' 

Dr. NciIW. Forrcstcr
NSW Agriorlturc & Fshcrics
Agriculturc Rcscarch Station

Narrab4 NSW2390
AUSTRALIA
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Research Abstracts
REPORT TO WRCC.6O ON IIERBICIDE

RESISTANCE

rr 7e now have passed the milsp651 of 100 weed biotypes
YY which have bvolved resistance to herbicides. There are

not yet 100 weed species b€Ctry -a -f9* sPecies have .wolved
resistance to more than one herbicide. Biotlpes of zl0

countries.
The distribution and spread of herbicide resistant weeds

are increasing. A recent survey of each state in the U.S.
shows the total areas infested with triazine-resistant weeds
exceed 2 72 milhon acres, with about 1 million acres
estimated for Wisconsin, about 1/4 million acres in West
Virginia, Virginia, Pennsylvania, and Maryland, about
1m;000 acres in Colorado, Michigan, and New York, 50,000
or more in Oregon, Washington, Ohio, Indiana and
Delaware, and from a few 1o20,000 acres in the other 18

made triazine herbicide resistance the b€st known and most
studied case of herbicide resistance. Triazine resistance has
also been of greatest interest because of the importance and

states.
This includes all triazine herbicides in all crops and uses.

Generally, if a weed evolves resistance to one triazine
herbicide, it is relatively resistance to all of them. Most of
these resistant biotypes have evolved resistance in corn
following ftequent and continuou; use of atrazine and/or
simazine. A few biotypes, including those first occurring in
Washington and Oregon (i.e., common in groundsel,
pigweed, and lambsquarter) evolved resistance originally to
simazine in nuneries and perennial tree crops. A few of the

biotypes (e. g., kochia, downy bromegrass,. and wi-tchgrass) -
finf&olved resistance in noncrop areas (e.g., railroad beds,
highway right-of-ways) following repeated use of atrazine
and simezine.

Past experien@ has shown that we€ds resistant to
triazines can Uc managed or restrained within a reasonable
limil In the U.S., thelotal area of land or croPs infested
with triazine-resistant weeds is still relatively limited and is
not expanding rapidly. In most areas of the U.S' where

.triazinLresistant weeOs have wolved, it has not even be€n

confirmed.
From a recent thorough survey conducted in every

area of the states where triazine resistant biotypes are
generally found or where resistant weed management is
necessary.

tn 14 states, the contact Person said that the triazine
resistant biotypes were growing or increasing in acreage
within the statb. Sixteen said theywere not exPanding in
area, and three said there was a slow increase. Nine state
contacts said tritzine resistant weeds were a serious weed
problem that required special effort and extra work
i:ighteen said they were not serious, in that they were easily
controlled with other herbicides and did not require special
effort or expense. Six stated that they were a minor to
moderate problem.

Every contact was asked if any farmers or users of
herbicidds had stopped rsing atrazine because of resistant
weeds or for other reasons. Without exception, they all

are not alwap easily conuouedwith atrazine (e.g.,
crabgass, fall panicum, johnsongrass, shattercane). They
select a combination partner (e.g., metolachlor, alachlor,
bu tylate, pendimethalin) or subsequent postemelgence
herbicide (e.9.,L4-D, dicamba, bromozylil, MCPA) to
b€st control the other weeds not controlled with atrazine'

For a complete list of all atrazine resistant weeds
having been reported within the U.S., including the year
when they were fint confirmed, see Table 2
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Our knowledge about herbicide sites and modes of
action has been essential in our research and understanding
of herbicide resistance mechanisms. Herbicide resistant
weeds have also been yaluable scientific tools, contributing
greatly to our understanding of herbicide modes of action,
p lant biochemical aud p hysiological processes, molecular
genetics, physical structure, and anatomy. However, it is
interesting that the mechanisms of resistance developed by
most of the weed biotypes to atrazine are different from the
mechanisrrs of selectivity to the herbicide in crops.

Research to date indicates that most of the 
-

triazine-resistant biotypes are resistant becau.$e they do not
have the normal triazine binding sites in their chloroplasts,
whereas crop selectivity is due mainly to metabolism or
trans locatio n differences. Triazine-resistant velvetleaf in
Maryland, and a few other biotyp€s in Europe, are
exceptions in that resistance is due to enhanced herbicide
me tabo lis m by glutathione transferase activity.

Extensive research has 5hsqn that most, if not all, of the
weed biotypes which have evolved resistance to atrazine have
been inferior ia vigor, comp€tiveness and fitness compared
to the wild-type or susceptible weeds of the same species.
This is apparently due to a less efficient photosynthesis
mechanism or s)6tem in the resistant weeds. This lack of

AIso, within the U.S., the close cooperation and
communication between industry, state and university
research, extension s€rvice, and farmers have been very
important in avoiding, delaying and con[olling atrazine
resistant weeds. With the first inrrasion of resistant weeds,
prompt action is essential in order to avoid serious and more
perrnanent problems. Preventive action to avoid herbicide
resistant weeds from developing in the fint place is definitely
the b€st stratery. It is vfutually ess€ntial in all cases of
herbicide resistance to have other classes or types of
herbicides, with alternate sites and mode of action, available.
ln some countries and situations, failure to respond
promptly, the lack of suitable alternatives, or for other
reasons, control of triazine-resistant weeds has not been
successful, resulting in rapid invasion and almost total loss of
these herbicides in the area

It is worthy of note that resistant weeds are not limited
to the triazitre herbicides. More recently weed species
resistrnt to the following herbicides among others have been
Jeported in the literature: chlorsulfuron, diclofop, DSIUA,
MSMA paraquat and trifluralit

Some herbicides within the AFIAS inhibitor class are
presently being developed forurced control in corn, the
primary usc for atrazine. rnes6gsfi as resistant weeds have
evolved in crops where at least some of these herbicides are
currently registered resistqnt weeds can bc €xpected to occur
when they are registered for use on oorn- Considering this,
atrlzine will continue to b€ needed for control of a broad
sp€ctrum of weeds in corn tbat have not €xhibited resistance
to it during its use for approximately 30 years.
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Qurumgry Status ofAfrazine Resistant Weeds in
the U.S. -

. *oOont weeds have been reported in 33 states.
o These include almost all of the northern states (except

North Dakota, Vermont and Missouri), plus Califor-
nia, Flawaii, and North Carolina.

o Many of the areas infested with atrazine resistant
biotypes are not known with exactness and some of the
confirmed cas€s reported have disappeared or cannot
now be identified. Most of the known cases are small
(e.g., one or few farms with less than 100 acres infested).

o Total of all areas where resistant weeds are prevalenr
within the U.S. is estimated to be about 2,500,000 acres.

o Resistant weeds have not been of major economic con-
sequence in the U.S. Only in a few stares (e.9.,
Maryland, Pennsylvania, Virginia, West Virginia and
Wisconsin) are they of significant concern. Even here,
they are being controiled in most cases.

o Before resistant we€ds evolved, most corn and sorghum
growers were using herbicide combinations and crop
rotations for other reasons.

o Triazine resistant biorypes are generally less fit (lgss
vigorous and competitive) and more easily controlled
than suscep tible biorypes.

o Industry (CIBA-GEIGY), state research, extension and
farmers have been alert and have worked closely
together to contain or eradicate resistant weeds.

. In continuous culturing of a sin$e crop and in conser-
vation tillage (e.g., no till), where a given herbicide is
used repeatedly, we are most vulnerable to the occur-
rence and spread of herbicide resistant weeds. In this
regard we need to retain all possible herbicide options.
This is extremely important in no till situations where
the employment of mechanical tillage to assist in con-
6elling weeds is precluded.

o At present, atrazine is essential to efficient corn and
sorghum production, even where triaane resistant
weeds exisr The cost to farmen to control these weeds
range from no increase to $10 p€r acre.

. The major methods of avoiding or managing atrazine
resistant weeds include:
o (a)Herbicide combinations.
o (b)Sequential applications of other herbicides (e.g.,

postemergen e - 2" 4-D, dicamba, etc.).
o (c)Crop rotations.
o (d)Herbicide rotations.
o (e)Cultivation, mowing or other tillage.



TAIII I
rEsrrlts FrlH l llcDn slrfii al lE qrFlIInIoN' rclllcl ll[l -

ffii-or-^n urlc-rlsinilfi riq rl u.s. (ls oF 'rlc' rete)'

Totr l  = 31 st . tc t  scport{sg I  tot r l  of  2,57L,33O rcrcs (epproxlor t lonr) '

r . nuabrr of votd rpoclcr ylth r.ttrtrat blott?.t t.Port.d ln rech ltetr: b r broldl'f

^  rp lc lcr ,  t  r  t r r r r  sFcl . t .
t  = t i jo t  coaiect(r )  tn iech r tetr  provld lEs . r th ' t " '

STATE
MNAER OF R. IJEED

SPECIESI
IETB 1ST
CONFIRT{EI

INFESTED
ACRES SROII}{G SERIO{'S REFENENSEI

Cellforalr 3 (2b,  lg) t976 4 ,000 No No J. Holt, UCR
E. Agurllts' I'E,

Srlllg

Colorrdo 3b L977 100 ,000 Ycr No P. Irrtrr,  CSU

C6E cticut 3b 1960 10 ,000 Slovly tlodcretc J. Ahrrar, GAlt,
Ill&or

Ilaksen 1b t97' 30,000Ics Yrr F. J. Urbb, IID'
Gcorgctova

Erurll 2g 196t 100 Ycr t{odcretc L. sl!!o, ESPA

I&bo 1b t976 500 No No 6.111r.. . ,  UI

I l lLooir 2b 1962 30 No No E. Xarl,r, UI

Ildtrae 2b 19E3 50 ,000 No No . Eeura, hrr&r

Iovt 3b 1980 100 No No ll. Grn, ISU

Xeaner 2 ( rb ,  1g) L977 2 ,000 Ycs No D. lhrlrhlte, l9g

X.Dtucky 1b 1985 10  , 000 Ycs No lrrr.tc, uI

lelac 2b 1964 100 No No llcCorolck' tlt

Iteryknd 6 (3b ,  3g) 1972 200 ,000 Ycs Yse R. Rlttcr' lJil

Urrrrchuscttr 2b l 97A 50 No No P. C. Bbclcl' II|

lllcblgea 4  (3b ,  l g ) L97S 100,000Yes Hoderetr J . Xrlk, ltSU

llt.nreote 1b L9E2 200 No No C. Erro,
CIBA+EICI

llotr.ne 2  (1b '  l g ) L977 0 No No P. Fey, l{SU

NrbrerLr 4 (2b, 2t) L976 20 ,000 Slovly l{odcretr A. l{.rtls' tN

l{rv lrsprhlrc lb 1964 2,000Yca Icr J.  B.  l l l tcbcl l ,
UilE

Nrr Jcrscy tb 1965 100 No No J. A.  l lcrdr '
Rutgcn U.

Nru York 3b t977 1 l0 ,0ooYes Ycr R. H^b!'
Corucl l  U.

Nortb Crrollae 2b 1965 2 ,000 Ycr Yce D. 9orrhu, llCSll

Oblo 3b 1961 50 ,000 Yer llt Bor t{. Ipur' OSU

0rrjo 4 (3b,  ls) t970 t0 |  000 No l lod.s.t. A. Apphby, OSO

Prurylvr.nlr 7 (6b , 1g) 197E 200, 000 Ycr Ycr N. L. Erltylt,
PSU

Xbodc Ie1eod lb l9E3 50 No No R. C. ldelr f lc ld '
tnI

South Drkotr lb 1966 EONo No L. J. 9regc, SDSU

Ut.h lb t976 0 No No S. Devcy, USU

Vlrglnfu 2b t976 250,000Ycs Yca S. Hrgood, VPf

Y.rbLagto[ 5 (4b,  1g) 1966 40 ,000 No Ics . ilallkrr
. lucholtz,

CIBA{EIGI

Ucrt  Vlrg la le 3  (2b '  l g ) l9E0 300 ,000 SloulY No . B-. Spcrov, S9U

Il3coDs1! 3b t97E I  , 000 ,000 Yes Yer R. E. Ilocrech, tJU

Uyolag 1b 197E 20 No No S. D. l l l l lcr,  uU

n



Table 2

Dlst r lbut lon of  Atraz ine-Reslstant  Weeds_bv State l { l th ln the U.S.
(as  o !  June ,  L r6 t )

1 .

,

1

4 .

6 .

7 .

Sta tes

Cal l forn ia

Colorado

Corurectlcut

Delaware

Hawai i

Idaho

I  1 l ino is

fndlana

Iowa

Krnsas

Kentucky

Haine

Haryland

Massachusetts

ltLchlgau

Minnesota

Hontana*

Spec ies

Kochla scoparia
Poa annua
Senecio vulgar is

Arnaranthus arenicola
Amaranthus hybridus
Kochia scoparia

Anaranthus hybrldus
A.naranthus retrof lexus
Chenopodium albuo

Aoaranthus hybrldus

Chlor is  barbata
Chlor is  radiata

Kochla scoparia

Amaranthus hybrldus or
ret rof lexus

Chenopodiun albun

-Anaranthus retrof lexus
Chenopodiun album

Chenopodlurn album
Kochla scoparla
Polygonun pensylvanicun

Broous tectorun
Kochla scoparla

A.uarasthus hybridus

Aoaranthus hybrldus
Chenopodiuo albun

Abutilon theophrastl
Anaranthus hybridus
Chenopodluo album
Echinochloa crus-gal11
Setarla faberi
Setaria glauca

A.uaranthus hybrldus
Chenopodlun albun

Anaranthus hybrldus
Cheoopodiun albuo
PaaLcun capll lare
Solanun nigrun

Chenopodlun albr:n

Bronus tectoru.o
Kochle rcoprrLe

Comoon Naoe

kochla 1984
annual  b luegrass L976
cornnon groundsel L977

sandhi l ls  anaranth 1977
snooth p lgweed 1985
kochia L977

soooth p igweed 1980
redroot  p igweed 1980
cotrEon lanbsquarters 1983

smooth p lgweed L977

swol len f ingergrass 1988
p lush  g rass  1988

kochia L976

redroot  p igweed L982
common lanbsquarters 1985

redroot  p igweed 1983
common lanbsquarters 1985

comson lanbsquarters 1986
kochia 1980
Perursylvanla snartweed 1988

donny brooe 1977
kochla t977

soooth p igweed 1985

smooth plgweed L984
codulon laobsquarters 19E4

velvet leaf  1984
snooth p lgweed.  1972
corulon laobsquarters L982
barnyardgrass I97E
claat foxtall t9E4

le l lor  foxta i l  1984

soooth plgweed L978
cotrnon lanbsquarters 1983

soooth plgweed 1981
coronon lanbsquarters' 1980
qritchcrass 1975
black-nightshadE 1984

cotrmon lanbsquarters 1982

donny brone L977
kochia 1979

8 .

9 .

1 0 .

1 1 .

L 2 .

1 3 .

1 4 .

1 5 .

1 5 .

L 7 .
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States

18. Nebraske

19.  New HanPshlre

20 .  New Je rseY

21 . Ners York

22.  North Carol lna

23.  Ohlo

24 .  Oregon

25,  PennsYlvanla

26 .  Rhode  I s l and

27 .  Sou th  Dako ta

28.  Utah*

29 .  V i rg in ia

30.  Washlngton

31.  West  V l rg ln la

32. Wisconsin

33. l,lyoning

*Both llontana and
or conf i rned.

SPecies

Aneranthus hYbrldus
Bronus tectoruo
Kochia scoParia
Setar ia g lauca

Chenopodlum albun

Amaranthus hYbridus

Anaranthus hYbrldus
Anaranthus retrof lexus
Chenopodil:n albun

Anaranthus retrof lexus
Chenopodiun albun

Amaranthus retrof lexus
Chenopodlum albun
Sicyos angulatus

Arnaranthus Powelll i
Brorous tectorua
Kochia scoParia
Senecio vulgaris

,i\naranthus hYbrldus
A.nbros la arternisllf olLa
Chenopodiun albuo
Chenobodium nissouriense
Physai is  longi fo l ia
Poiygonum convolvulus
Setar ia g lauca

Chenopodlun albun

Anaranthus retrof lexus

Kochia scoPar ia

Amaranthus hYbridus
Chenopodiun albun

Anaranthus Powelll l
Broous tectorulo
Chenopodfi:ro albun
Kochla scoParia
Senecio vulgaris

Amaranthus hYbrldus
Chenopodiun albuo
Echinbchloa crus-ga1 1i

Anaranthus hYbridus
Chenopodiuro albun
Kochia scoparia

Kochia scoparia

Utah report that these reslstant

Cooaon Naoe

strooth Plgweed 1985

ao*tty biome 1977

kochia L976
yel low foxta i l  1980

cotroon lanbsquarters L984

snooth pigteed 1985

soootb plgweed . 
1978

redroot- plgweed 1982
.o-oo l-auEsquarters L977

redroot Pigveed 1986
lorroo l imbsquarters 1985

redroot  p lgweed 1981
conroon linbsquarters 1981
burcucumber 

- 
1985

green p igweed 1970
totnty t ro.e 1978

kochia L977
coornon groundsel L973

cotroon larobsquarters 1983

redroot  Plgweed 1985

kochia 7976

snooth p igweed 7976
cornlnon iaibsquarters L979

snooth p lgweed 1981
corDmon ia ibsquarters 1983
barnyardgrasJ 1980

smooth p igweed 1985
contron iaibsquarters l97E
kochia 1985

kochia L978

weeds can no longer be located

BY Hoocr M. I-cBaron
Prcsi<tcnt of Wccd Scicncc Socicty of Amcrica

CIBA-CEICY C-orPoration
Grccnsboro, North Carolina 27419
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AN UPDATE ON PYRETHROID
RESISTANCE IN TOBACCO

BUDWORM AND BOLLWORM IN
LOUISIANA

Itver 5700 male tobacco budworm moths were bioassayed
\,f from May through September 1988 against 1, 5, 10 and
30 gtnal doses of rypermethrin. Examinaiion of these data
reveal that pyrethroid resistance in tobacco budworm varied
with location and date of bioassay. Resistance levels

use of pyrethroids) and lowest in areas with little or no
commercial cotton production. The responses of over 800
tobacco budworm moths to tralomethrin at doses of 1,2.5,5,
10 and 30 ffizl indicated a similar pattern of resistance as

pest. The data obtained reveal that bollworms are much
more susc€ptible to gpermethrin than tobacco budworms.
However, there was some variation in the tolerance level of
bollworm moths based on location of collection. The most
pyrethroid tolerant bollworm rloths were collected ftom the
same locations as the most resistant tobacco budworm
moths. Overall aU of the data collected suggest that the
Tri-S tate (Mid-South) Pyrethroid Resistance Mana gement
Plan has been successful in delaying pyrethroid resistrnce
developmentin Heliothis However, low tobacco budworm
populations during 196i/ and 1988 have no doubt been
responsible for the virtual absence of field control failures.

Jcrry B. Gravcq B. Rogcr Lconard, and
AnthoryM. Pavloff

-"*,-"orffii,L$-?,11tr'fg*#lTimfr'fuH.-ffi?,ffi
Bcicr Gty, IA 7lln

Gcnc Burrir rad lG/itr Rrtchford
Nonbe$tXccc{rch SAt*

? )

ENIIANCED METABOLISMI AND
KNOCKDOWN RESISTANCE IN A

FIELD YS A LABORATORY STRAIN OF
TTIE SOYBEAN LOOPER

(LEPIDOPTERA:NO CTUIDAE)

respect to knockdown resistance (fu[) and in vitro
metabolic capacity for a variety of substrates. The time
nec€ssary to achieve 50Voknockdown of the field
population (22.9 1.3 rtrin) after rhe topical application of 1
mg p€rmethrin was significantly greater than thar required
for the l,SU laboratory colony (18.4 1.0 min.). Rates of
metabolsm for first generation larvae from the field
population were significantly greater than for larvae from
the laboratory culture for substrates of gluthatione
transferase (1.-chloro-2,4-dinitrobenz ene, 2.7 -fold),
monooxygenases (p-nitroanisoleQ-demerhylase, 1.8-fold),
and hydrolases (al ph a-naph thyl aceu te (1.5 - fold),
p-nitrophenyl acetate (1.5-fold), and permethrin ( 1.5-fo ld)).
Significant differences berween populations were not
observed for NADPH rytochrome c reducrase nor acephate
hydrolpis. Results of the study indicate that a combinarion
oftarget site insensitivity and increased activiry ofseveral
enzymes involved in insecticide meubolism including a
trans-permetfuin hydrolase may be contributing to the
reduced susceptibility of the field population relative to the
laboratory colony' 

Randy L R*qL g. Roger l-conard,
Thomas C Spark', and Jcrry B. Graves

Dcpartmcnt of Entomologr
Louisiana Agricultural Expcriment Station

l,ouisiansa Statc Univcnity Agricultural Ccntcr
Baton Rougc, Louisiana 70803

PYRETHROID RESISTANCE AND THE
TOBACCO BTJDWORM:
INTERACTIONS WITH

CHLORDIMEFORM AND
MECHAMSMS OF RESISTANCE

r1'the effect of chlordimeform (CDQ on permethrin and
I. cyhalothrin-K uptake ftom a treated surface by third
instar larvae of the tobacco budworm was determined. ln
general, CDF increas€d the uptake of both pgethroids,
especialfy in pyretbroid resistent (ICI-R) tobacco
budworms. Compared to the susceptible (I.SU-I:b)
tobacco budworm larvre, the pyrethroid resistant strain



PYRETHROID RESTSTANCE IN PEAR
PSYLLA IN WESTERN NORTH

AMERICA

SUMMARY

highly resistant (lm-fold) at several sites in central
w-astiington. Gdnerally, iesisunce levels were greater in the
north than the south. In the Wenatchee and Yakima,
Washington areas pyrethroid resistance was areawide,
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State University, Corvallis, Oregon, which was considered to
be susceptible to pyrethroids and served as a base-line for
measuring resistance in other populations. Field-collected
psyllids were anesthetizd,with COz and mounted on glass
microscope slides using 1trs lechnique of Follett et al. (1985).
Slides with psyllids were dipped for 5 x in water dilutions of
pyrethroids or pyrettuoid-piperonyl butoxide (pM)
combinations. All pyrethroids and pbo used were
formulated as emulsifiable concentrations., ln some cases 5
or 6 serial dilutions of each pesticide were tested n 12-%
replications of 10 psyllids p€r concentration. When
mortality occuned in controls data were conected by
Abbott's formula (Abbott l9E). In the resistance survey in
LC<O values were estimeted for low and moderately resistant
populations based on an average slope value of2.6 (from van
de Baan 1988). For highly resistant populations in
Washington, LC5g values were calculated by probit analysis
(Finney 1971) uing data ftom six concentrations ranging
from 11.3 to 360 mg fenvalerate (AI)/I- Resistance levels
were calculated by dividing LCso values by that of a
susceptible population at oregon state university
Entomologl Farm.

REST]LTS AND DISCUSSION

A t the beginning of the study in 19&l Wenatchee Psyllids
.t1lwere already less susceptible to fenvalerate than
Corvallis, Oregon, pyllids. Resistance present in
Wenatchee psyllids in 19&4 probabty doreloped from
selection with permethrin and fenvalerate during the
prwious frve yean or from cross resistance due to intense
selection with synthetic p€sticid€s in other class€s over three
decades, or ftom both. During the five years that pyrethroid
resistance was monitored in the Wenatchee area the LCso
for fenvalerate increas€d ftom about 4-fold in 1984 to
136fold in 1989 over that of the susceptible Corrallis
population (Figure 1). During the spring of 19&7 when
pyrethroid lssi5teng6 at Wenatche€ was about 75-fold,
growen in that area began to erp€rience control hilures. In
1988, slide{ip tests with five pyretfuoids and
pyrethioid-piperonyl butqide combinations indicated that
pear pqflla adults were also resistant to permethrin and
flucythrinate but not to fenpropathrin or cyfluthrin (Table 1).

Piperonyl butoxidc (pbo) is a qmergist for natural
pyrethrins and pyrethroids (Bailtie and Wright 1Rt). Pbo
can bc us€d to makc pesticides more effective againsl
resistant pqra or to los€r ratel needcd to prwide adequate
control In this study pbo signif,cantly (p=0.05) syneryjzeA
fenralerate, pcrmethrln and flucythrinat€ but not
fenpropathrin or cytluthrin ffable 1). The latter two
Pyrethroids contain cyam groups which rbduce the ease with
which they can bc metabolized oxidativety. Mortality of
pbo-pyrethroid combinations increased with increased
concentration of pbo up to 75 mg AIIL for fenvalerate to 150.
mg }JIL for pcrmethrin Al0ough laboratory data showed
pbo to be an efiective synergist against gyrethroid resistant
psyllids, grower applications of fenralerat€-pb
mmbinations did not prwide satishctory control in spring
of 198&
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TaUc t. EII€B o{ pipamyl buorirtc corrcnrrrion on mortality of C, pyicola from Wcrarhcc I

fivc ovrcduoids in sli&din tcsts (Buru ct al. 1989)

I

pbo 90 90 lt.l25 2.5 22.5

mq AI/L pDo onty . wirh fcnvalmrc Jrmdhrin fcnpmpilhrin cvflUthrin flrrcythrinatc

'lzm 37.8 98.0 95.0 -

600 20.0 93.8 90.0

37.5

18.8

0.0

50.0

5 1.0

39.0

20.o

m.0

t23

12.3

12.3

7 ? 1

67.5

68.3

50.0

50.0

55.0

a a 1

63.6
( 1  ?

45.6

Lt.)

29.r

88.2873I  1 .1

150 5.5 88.2 80.1 44.6

75 1.4 8r.7 33.! 45.4

0.8

0.0

cont ol 2.a 2.f 2.O 2.3 3.0 t'5

-  t .

fn the Wenatchee area cyfluthrinwas labeled for
lemergency use against pear psylla in spring on 1988 and
1989 orchards. In 1988 this comfnund provided good
mntrol but in 1S9 contrclwas variable and in most
orchards not acceptable. Resistqnce to fenralerate did not
change significantly betwe€n 1918 and 1989. At this tfuns in

t :  Cuh! laUvr numbcr
of rppl lcrUoN

t 9 8 4  l 9 8 s  1 9 8 6  t 9 8 7  I 9 8 8
Yerr

Figure 1. Levcls ofrcsistanccin C. pyricola from a pcarorchard ncar

Orondo, Washingon, in rcladon to thc cumulativc numbcr of



Population.

Table 7. Area mean levels of fenvalerate resistance in

C. Pyricola from thc major pcar growing arcas of wcstcrn

Foltl rcsismnce

OkanaganB. C. Okanagan 4.r'f,

Clnada
Wash. N. Wash. 3l'9

Wash. . Wcnatchee 136.2

wash. Yakima 152'2

Oregon Hood River 3l'2

Orcgon Willamette 20'0

Orcgon Mcdford 5'0

Calif. Lake Co. 9 '6

t t ; t  2r .6

23.9 76.9

2r.0 55.9

4.8 12.8

1.0 8.4

< 1 . 8  3 . 0

8.4 9.2

C a l i f .  P l a c e r v i l l e  I  ' 8  <  I  ' 8  < 1 ' 8

1 Based on suscept ible populat ion from Oregon State

Univcrsity, Entomology Farm'

pyrethroids were used 
" H;l*SflKtIT,:ff#L,

entral British columbia,
nmpounds were restricted to
of iwethroid resistance in
for{ Oregon, indicates that
omotes resistance faster than

orebloom use since the aveiage level of resistance in the

i;;;-t-;* is sisnificantly greater than that.of the latter

"""o 
no"eh less-total coifrund was used'. Resistance in

gtitith Coiombia has likehj been influenced by summer use

oi o"t",ntoids but in contrrast to other areas of production

iiriGJn"re, the most commonty used pFethroid in
grititn columbia has been permethrin, with recent

suUstitution of deltamethrin and cypermethrin in some

oi.n"tOst but fenvalerate has not b€en used It apPears

in"it f"ttion with permethrin has conferred a moderate

tevel of resisurnce to fenvalerate'
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control. This means that we need soft or selective programs
that allow survival of biocontrol agents and reduce
dependence on chemical control. With pear psylla there
does not seem to be much rwenion of populations back to a
susceptible state after discontinuing the use of a compound;
the only exception may be with Thiodan, which has not been
used on pear for several yean in Washington due to its loss
of effectiveness. In the spring of 1989 it was quite effective
against winter adults.
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Behavioral Response of P/ztella ryl.ostella
(I*pidoptera: Plutellidae) Populations to

Permethrin DePosits

f, n assay was desigted to qrnntitatively measure
lA,behavioral response of diamondback moth populations,
collected as part of a nationwide survey, to ins€cticide
deposits. Cabbage leaf disls were treated with droplea of
permethrin and arranged to form a graded series of droplet
densities. l.annae were orposed to the gradient for 24 hr
periods, after which their positions along the gradient and
amount of feeding on each disk were recorded. Populations
showed varied behavioral resPonse to the gradient as
measured by average position. Feeding data supPorted the
results of the larval position dat - When our measure of

ft om differen t p hys io lo gi ca l mecha nisH; 
*og,j; 

fi lf tr,i : ff
DcPadmcnt of Entomolory
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Evaluating resistance to permethrin in
Plutella ryIostella (LeP idoP tera:

Plutellidae) populations using uniformly
sized droplets.
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Fungal Resistance to Sterol Demethylat-ion
hininitors Molecular Mechanism and

baseline Sensitivities

Ustilago avenae -strains with differential levels of
res istanc€-to sterol demethylation inhibiton (DMIs)
comprise the model q6temfor studies on the molecular
mecianisms of resistance. A sensitive wild-type and
DMl-resistant strain with the highest resistance level were

investigated with regard to thek initial and lolg-term
resoonies to the treatment with the DMI triadimenol. At a
disiriminatory dose of 2 mgll- reproduction of the sensitive
strain was intriUiteC subsequent to a log-phase of 6 h. The
few cells still emerging weie morphologically altered and
remained in cell aggegates. The initial resPonse Pattern was
not different for tfie DMl-resistant mutant. Reproduction
was severely blocked, and new cells also remained in
aggregatis. However, the inhibitory effect on both sporidia
rdfroduction and segregation of daug4ter cells was only
trinsient, and full growth resumed 72haftet inhibitor
treatment. Concommitant to the different patterns of
reproductive resPons€s, substantial differences were also
apbarent wittr reipect to the sterol contents and metabolism.
Oriring the initial'inhibitory phase, sterol precursors strongly
arcum-ulated in both strains,indicating that the target site of
the resistant mutant was saturated to a degree not different
from the sensitive strain. In contrast to the lasting
accumulation of sterol Precursors observed for the sensitive
strain, this effect was only transient for the resistant mutant.
The precursor content declined, and desmethyl sterols,
comirising the pool of authentic membrane sterols,
i ncreased p roportionally.

The'slop-xnd-go' mechahism observed for the
DlMl-resistant mutant of.U. avenae comprises the first report
of an indiced expression of resistance of fungi to an
agricultural fungicide. So far, mechanisms of resistance have
been described as constitutive qntems, such a-s the
mutational change of the target site leading to the decreased
binding of the inhibitor. The nature of the induced system
accounting for the expression of resistance could be
explained-by the desaaivation of the inhibitor, the synthesis
of excess taiget enzyme comPensating for higber quantities
of inhibitor,br the oxidative degradation of accumulating
sterol precursors. These possibilities are current$ un{e1
investigation. The induced expression of resistance night
also explain, why the sensitivity distribution of pathogen
populations to DMI fungicides is continuous in character,
and why separate sub-populations with higb levels of

resistence have not yet been observed An extremely high
level of resistance might be counteracted by the induced
metabolic effort necessary to exPress resistance while

monitoring of populations towards resistance to DMI
fungicides-arnenity introOuced for the conuol of apple
scai, and for the dervelopment of simplified monitoring
methods' 
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Bioassay for Resistance in pear psylla i

Oregon. The fcrothills growing area of northern C:lifornia
is onl of low intensity pear culture with a well-managed
IPM program so one can understand the low level of
resistance there but in Oe Medford" Oregon, area Pears are
intensively grown and about the same amount of
pyrethoids have been applied ther as in central
Washin4on. This relationship is worthy of further study'

Avermectin Bl bioassay lschniques for adults and

leaf disls are punched from treated foilage and floated on
moist fiIter paper in 14 cm Petri dishes. Ten 1st - 3rd
instars ftom tne test population are transferred to each
disk Mortality is determined after 3 days by examining
nymphs under masnification Five to 10 disks of 10 nymphs
each scem to produce reliable data I prefer running serial
dilutions to Ging single diagpostic dosages becarse serial
dilutions give an indication of changes in slope.
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Adult pylla are bioassayed ftom the same treated shoot
sample as used for nymphs by confining them on leaves in
modified Munger cells (H. Tashiro. 1067. J. Econ. Entomol.
&:3544). Cells made from 3/16 in plastic sheet are 1 in. in
diameter. Ten adults are placed in each cage and mortality is
determined after 4 days. Cells are placed about 12 in above
water in shallow pans and pap€r towel wicls are used to keep
leaves turgid 

Evcrcrt Burrs
WSU-Trcc Pruit Rcrcerch ald Ertcosion Ccntcr

l1ffi N. Wcstcra Avcnuc
Wcnatcbcc, Washin gton !n801

Geographical and Seasonal Yariation in
Pesticide Resistance in the Cotton Aphid,

Aphis gossypii, in California Cotton

rphe cotton-melon aphtd,Aphis gosslpii Glover, is an
I occasional pest of cotton in San Joaquin Valley cotton.

However, it is a serious p€st if the sticky honeydew it
produces is deposited on op€n cotton bolls. Sticky cotton
breals during the cotton spinning process leading to
rejection of California cotton by spinnen. Growers depend
on pesticides to obtain rapid mntrol of aphids, especially in
the latter half of the groe/ing season. During the 198688
freld seasons,A gossypii,appeared in higher than nonnal
densities and the broad spectrum pesticides us€d to control
it gave highly variable results. It was the purpose of my
project to determine if pesticide resistance played a
significant role in the observed pesticide efficacy problems
and, if so, to begin to develop a resistance management
program for A gossypii.

Alate nymphs, Alate adults and apterou adults were
screened for their respons€ to three organophosphates
(oxydemeton-me0yl chlorpyrifos and dicrotophos), a
chlorinated hydrocarbon (endosulfan) and a pJrrethroid
(biphenate). While tle t[ree OPs and endosulfan had been
used in cotton for aphid control, the pyrethroid had noL A
24 hour leaf dip bioassay was us€d to assess tle response of
the various stages of aphids Apterou adults were the least
tolerant stage for all pestkides tested- Therefore,lower
discriminating concentrations were chosen to detect
resistance in this stage for use in the geographical survey.

Thirteen populations of.,4- gos.sypiiwere collected ftom
throughout the San Joaquin Valey and assayed for thek
respons€ to the five pestftides. Resisttnc8 to
oxydemeton-methyl chlorgyrifos, dicrotophos, and
endosulfanwere found in 4 to 5 populations The majority
of the resistant popul,rtbnr were found on the east side of
the Valleywhere aphid populations dcvelop fint andwhere
early season aphid pestftide applications arc more common.
At the end of the se8sotr, iphid ftom thesc sites were
recollected and bioassap indicated tbat only 2 to 3 sites had
higttly resistant aphtds. Thc wHe geographical and seasonal
variability ln pesticide resistance in.4- gossypii coupled with
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the relatively low selection pressure for aphids in the San
Joaquin Valley (G2 apptications/season) suggests that
resistance should be manageable. I am continuing efforts
to survey for resistance and develop rapid resistance
detection methods' 

T!:fJffir#.J
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Parasitode Resistance in California

nll. pnllidus was selected for resistance to azinphosmethyi
I in the laboratorv. The resistant strai:r was mass reared

and approximately i5,000 parasites were released into five
commercial watnut orchards in California during 1988. The
resistant strain established in four of the five sites, suMved
field rates 6f azinphosmethyl or methidathion, persisted
throughout the growing s€ason, had measurable impacts on
walnut aphid populations, and dispersed to nearby
nonrelease sites. These sites were monitored during the
spring 1989 to determine whether the resistant strain had
sucessfully ovenrintered- ln all four sites, the resistant
strain was found to have overwiltered, although the
resistance levels were variable. We also found, using clip
cages and foLiage colletted ftom treated orchards, that the
azinphosmethyl-resisunt strain of.T. pallidus is cross
resistant to chlorpyrifos, endosulfan, methidathion, or
phosalone. A mode of inheritance test was conducted and
the data are currently being analyzed.

During the 1989 growing s€ason, aphid and mummy
@unts in each orchard are being monitored to determine
how well the overc/intered parasites are able to control
aphids. ln addition, additional parasites were mass reared
aid released into a commercial watnut orchard. We hope
to establish the resistant strain in the San Joaquin Valley of
California; since the wild population' of T. pallidus 

's

abundant and disperses readily, we are interested in
learning how to optimize methods for enhancing
establishment of the resistant suain.

The carbaryl-resistant strain ofr4. melitus was released
into tcro commercial cirtus orchards in the San Joaquin
VaUey during the summer of 1989. We are monitoring
establishment and cross resistances to pesticides used in
citrus IPlv{. ln addition, we are attemPting to develoP a
m.ass selection method so that commercial producers could
maintain this strain for augmentative releases.
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Tobacco Budworm Resistance Update

A genetic analpis of pyrethroid resistance in tobacco
Ab'udworm (Iieliothis virescens, Lepidoptera: Noctuidae)
was initiated. Populations from both the Mississippi delta
and the Rio Grande Yalley are being comPared to a
susc€ptible laboratory strain. These results will b€
interpreted in light of genetic analpis for the PEG-87 strain
of.H. virescens. PEGST is completely resiSt4nt to

different populations within the valley.
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GENETICS OF INSECTICIDE
RESISTANCE IN HELIOTIII S

WRESCENS FROM COTTON AND
TOBACCO

Pmgress:

o Genetic segregation of acetylcholinesterase insens i tity
was observed-

o SS,RS, RR genotypes were discriminated using several
inhibitors, some inhibiting RR.

. With David Heckel, this genewas found to be linked to
one of his marker enzyme loci.

o Arapid microtiter plate assaywas adapted for applica-
tion in the field-

o Possible organophosphorus resistance-breaking com-
pounds have been discovered.

o Sbgegation of one factor for permethrin resistan@ was
observed in another strain.
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CLOMNG OF TIIE B-TIJBIJLIN GENE
FROM BENOMYL SENSITTVE AND

BENOMYLRESI STANT FIELD
STRAINS OF WNTARA INAEQAALIS,

\ f, /idely differing let/els of b€nomyl-resista nw_, rn Venruria
Y Y inaequalu has been attributed to allelic mutations in

the B-tublin gene. To study this phenomenon at the
molecular level, genomic DNA was isolated from Gweek old
broth cultures of a benomyl-sensitive (WGS) and a
benomyl-resistant (KV3C) field isolate of V. inaequalu and
partially digested ftactionated DNA (1620 kb) and
BamHIlEcoRI digested lambda EMBI3 DNAwith ligated
DNA ligase and packaged to prepare a library. The library
was scre€ned for clones with a heterologors Erwhe
graminis B-tubulin probe. DNA sequenc€ analysis of the
clones showed extensive sequence similarities with the probe
therebyconfi rmingthattheo-,,*L*d#,:.8ff::fi 

f;,.
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TIIE EXPRESSION OF RESISTANCE
OF ASTIT-IIGO AWNAETO

TRIADIMENOL IS AN INDUCED
RESPONSE.

f, strain of.U. avcnu s€nsitive to triadimenol (sen) and a
laresistant laboratory mutant (rl) were teated with
triadimenol (zmglL) after 15 hr of growth in liquid culture.
Initially, reproduction of both strains pas almost completely
blocke4 how€ver, the inhibitory phase was transient for rl,
and full growth resumed after 10hr. This patrcrn of iniritl
grovrth inhibition and su@uent recoverywas correlated
with a decline of sterol precursors, as aaalyzed by GCMS.
Although precurson (predoninan0y
24-methylenedihydrolanmterol) accumulated during the
phase of growth inhibition, and also were still Prominent at
the onset of renewed growth, theywere absent after 24 hr of
treatment with tdadimenol Pulse-labeling of sterols at
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various time intervals after treatment with the inhibitor
revealed that the continuous disappearance of precursor
sterols is not explained by dilution of the inhibitor ftom the
tarset site' 
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BASELINE.SENSITTVTTY OF THREE
POPUI,ATIONS OF WNTARA

INAE QaALIS TO FLUSII"AZOLE.

Ane hundred monoconidial isolates of.V. inaequalr.r were
\.tcollected ftom each of two abandoned orchards
(orchards L andZ),where no sterol demethylation
inhibitors (DMD had been usqd, and from a research
orchard where DMI fungicides had been used for T?years
(orchard 3). The mean EDso values based on colony
diameter were 0.0083 pg flusilazole/ml ,0.0U12 pglml, and,
0.0105 pglml for orchards l,2,and 3, respectively. EDso
values for individual isolates ranged from 0.002 to 0.0&t
Fgml,0.0001 to0.M69 pilml, and 0.m11 to 0.1108,r2glntl,
in orchards 1,2. and 3, respectively. There was no
significant difference between the mean of the log 10
transformed EDso values of any orchard. Our results
indicate that the thre€ populations examined had similar
mean EDso values observed in our study also indicates that
small sample sizes are unlikely to represent accurately the
s€nsitivity of populatio ns of.V. inaequalis to DMI fu{tgicides.

Franzinc D. smith, *"$1:nffif:,111
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HOMOLOGY BETWEEN TIIE COPPER
RESISTANCE OPERON OF

P SEAD OM ONAS SYRINGAE PY
TOMATO AND PI,ASMIDS IN

COPPER.RESISTANT STRAINS OF
]ANT:H OMO NAS CAMP E STftlS PV

YESICATORAAND ERWINA
HERBICOI,A.

/f-loop€r-r€sistant strains of Xantlnmonas campestris pv
Itveiicatoria and,Eruinia hsbicolawere isolated ftom a
tomato leaf sanplewith bacte'rial sPot dis€ase. The X c.
vesicatoria strain grew on media supplemented with uP to
15 nM anpiic sulhte, and the E herbicola isolate grew on



VARIATIONS IN TOLERANCE TO
BENOIWYLAMONG
COLLETOTRICHAM

CLOE O SP ON O IDE S ISOI"ATES FROM
MANGO.

Tn 1987 and 1988 a mango grove lo€ted in Dade County
lnoriAa USA lost over 50Vo of the croP to mango

summer of 1988, 100 infeoed fruits were harvested randomly
from the grove ftom which 84 single spo,re colonies were
isolated. The isolates were screened at 0, 1, 10, and 100 ppm
of benomyl. Out of 84 single spore colonies, near-ly,4OVo
were toleiant to lG1m ppm of benomyf while ffiVoweft
sensitive, showing tiute oi no radial gowth. These results
may explain the lick of anthracnose control by benomyl in
thesrove' 
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SMALL, CONJUGATABLE PI,ASNdID IN
COPPER.RESISTANT STRAINS OF
XANTH OM ONAS CAMPESZRIS PY

W S I CAT O RA. Y. DITTAP O N GP NCH.

mhirty-two strains of. Xanthomonas carnpesnis pv.
L vesbatorin isolated from pepper and tomato were tested

for sensitMty b 2m g/ml copper suffate in sucrose P€Ptone
agar. Sixry perc€nt wEre copper resistant Plasmid profiles
inoicated ine presence of af l-east two plasmids in all srains.

ntained an aPProximatelY 3
s transferred via conjugation
ansconjugates mntained the
r resistanL Preliminary
was digested bY restriction
d Taq[, but not bY EcoRI,

D. R Ritchic and R G. Upchruch
Departmcnt of Platrt Pathology.*,li,i,:Hau'g

FIJNGICIDE RESISTANCE IN
B OTRWIS CINEREA, ISOI"ATES FROM

PENN SYLYANIA GREENHO U S E S

to only benomyl and 14 were resistant to both benomyl and
vinclo-zolin. Isotates with fungicide resistance infected and
sporulated on excised geranium (Pelargonium) leaf dislr;
that had been treated with the label rate of the fungicide to
which they were resistanl I .inear growth rates and
sclerotrium formation invito and sporulation u vivo, used
as saprophytic and parasitic fitness Parameters' were
compared among isolates' 
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DIAGNOSTIC MEDIA FOR TIIE
DETECTION OF FTJNGI (BOTRWIS

CINERM) RESISTANT TO
YTNCLOZOLIN AND BENOIVTYL.

vinclozolin or 10 ppm benomyl and 50 ppm streptomycin
sulfate are added- Germination and growth of resistant
spores causes a color change ftom red to yellow in 18-48
hburs after inoculation l-aboratory and field tests
demonstrated selectivity against fungal contaminants,
making Oe medium uscful for field monitoring of
resistance. Comparisons between this 6g1[od and other
techniques such as agar diffrrsion tests and spore
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germination on fungicide ammended media (PDd MAor
WA) showed excellent conelations. This medium has also
been used for the detection of resistant strains of. Monilinia
ftuctbola to benomyl.

T. R Bardinclli, E. J. Buttcrfrcldsd
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WRCC.6O RESEARCH PROGRESS
REPORT--HAWAII

Insecticide Resistance in Diamondback Moth
Plutella xvlostzlla

IXfe are monitoring levels of susceptibility to Pyrethroids
Y V in field populations. We are also quantirying variation

among field populations in susceptibifity to Bacilltts
thuringiznsis (Bt). We are initiating a project to determine
the genetic basis of variation in susceptibility to Bt.

In s ectici d e Resi stance in Liriomuza Leafminers
and Their Parasitoids 

'

IXfe are determining suscePtibiIties of t sativae and L
Y f trifolii to p€rmethdn and fenvalerate at 10 sites

througbout Flawaii using diagnostic assap.
We are determining susceptibility to insecticides in

Digtpluts begini, the most abundant parasitoid of.Liriomyza
leafminers in Hawaii. D. begini were more tolerant to
oxamyl and fenvalerate than P€rmethrin and methomyl. The
fenvalerate LDso was 14-fold greater for females from a
heavily treated bean field compared with females ftom an
untreated population. The fenrralerate LD5g of the heavily
treated population was 20 times more than the
recommended field rate. Susceptibility in the parasitoids
Ganaspidium ury'& and Chrysoch^uis oscinidis is also being
measured.

Resistsnce Management Thmry & Practict

IXIe are analyzing an extensive database and conducting
V Y simulatioffi to clariry the influences of generation

turnover, introduced vs. native status' taxonomic order, and
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dwelopment. More thorough evaluation of tactics that
seek to oPtimize benefis of more than one insecticide will
require rigorous experimens with specific pesticide-pest
combinations. Because of the difficulty in generalizing
results across systems and the Potential negative impacts of
multiple insecticide use, emphasis on minimizing
insecticide use is recommended.

Bnrcc Tabashnit, Marshall Johnson
Jay Roecnhcim, Robin Rathman and Aubrey Moore

Dcpartmcnt of Entomology
Univcrsity of Haw-aii
Honolulu, Hl 96822

Resistance to Soil Insecticides
Widespread in New York Populations of

the Colorado Potato Beetle

Summary

Desistance is widespread throughout New York State tQ
l\inseaicides commonly applied in granular formulations

occun to Thimet, which is no longer labeled for Colorado

insecticides.

Current Status of Resistance

r1re ssmine the effectiveness of soil insecticides against
I tle curent background of inseaicide resistance, we

eftrined collections of overc/intered adult beetles from six
munties. These adulu were held in the labortory for



insecticides.
Richffd. T' Roush rnd Ward. M. TtngeY
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Farmer Practicable Procedure for
Detection of Soil InSecticide resistance in

Colorado Potato Beetle

Equipment Needed:

Furadan 4F)

Procedures:

TDetlc CoUectlon. Co[ect 2040 adult Colorado potato
-fDueettes for each soil insecticide to b€ tested. Collea the

dfuect sunlight

Prrparation of fnsecticide Solutions.

1 ;'ark all containers and pipettes (or teaspoons) with the
IYIname of the insecticide tb be tested and a skull and
crossbones (Poison symbol), and siqnal word "Poison!"
Handle aU iisecticides with caution; wear rubber gloves
when handling either insecticide or insecticide-treated
beetles. Labefat least two cups for each of the insecticides
ro be tested, one fgr dipping and the gthersto hold the
insects after they f,ave been dipped" Similarly label another

solution into one of the disposable cups.
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. ln another clean disposable cup, add only water.

Dipping.

follow this sequence. Place up to 10 adult beetles in the
I' tea strainer and dip into the cup containing only water,
swirling gently for 5 seconds. Remove the strainer, blot the
exc€ss fluid on newspap€r or a pap€r towel,.transfer the
beetles into a labelled clean disposable cup, add
insecticide-fed potato foliage, and place a lid on the cup.
Repeat rhis proc€ss with each of the insecticide solutions.
Place the treated beetles and their cup,s out of direct sunlight
but where temp€ratures are close to those in the field (e.g.,
shade of a barn). bnl foryet to dip beetks h a watr checlg;
this is absohttely nccessary to ensure tllat tlu beetlcs didn,t die
for some reason otlur tlun pesticidc qasurel After use, triple
rinse all containers (<lisposable cup and lids, tea strainer,
gallon jug, plastic teaspoons) with water and then soak in a
107o solution of chlorine laundry bleach overnight. Save
used Furadan solutions and rinses in a labeled container and
store in your p€sticide storage facility for later field
application. Bury the Thimet solution in the crop field.
Destroy (break, sut, or crush) all contaminated teaspoons,
gallon jugp, disposable cups and fids and discard in the trash.

Score mortalityz4 hours later by transfering the beetles
onto a paper towel or nenispap€r. Score as dead any adult
that cannot right itself or crawl away after 5 minutes.
Caution: some adul8 will 'play possum'before crawling
away so don't score them immediately after removing ftom
the cupl Alternatively, place an incandescent light bulb of at
Ieast 150 watts several inches above the adults. The light and
heat will rapidly stimulate activity in healthy adulrs. Record
your results. Note: I-ess thnn SOVo mortality probabty
indicates the soil insecticides will not kill a significant
number of lanrae under field conditions.

Finally, triple riruc the disposable cups and lids wirh
water and then soak them and the nennpaper or pap€r
towels used for blotting inalWo solution of chlorine
laundry bleach overnighu Save rinses ftom the anps
soataining Furadan-treated beetles aDd store in your
p€sticide storage hcility for later field application. Bury the
rinses from the cup soataining Thimet-Ueated beetles in
the crop field- Destroy (break, cut, or cnsh) disposable cups
and lids and discard in the trash along with the blotting
nenisPaP€r' 

*r.*;1[*ll;f$ffi
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Susceptibility of ̂ EIeAothis spp. to
PSnethroids in Missouri during 1988 and

1989.

fn response to the development of resistance in tobacco
Ibudworm (IBW), Heliothis virescens (F.), to pyrettuoids,
a resistence monitoring program was initiated in Missouri.
A pheromone trap system was s€t up thoughout the state,
with the majority of the traps located in the cotton
producing region of southeast Missouri. Adult male
Heliothis were collected from phermone traps and tested for
susceptibility to pyretfuoids using the adult vial bioassay.

Populations of corn earwonn (CEW),H. zea @oddie) ,
were tested using 10,5, 1,0.5 and 0. 1 g of cypermethrin in
per vial. T*enty moths were used for each dose. Based on
the low LDso's of CEW populations in southeast Missouri
in 1988, pyrethoid resistance was not present. However,
statisticauy higber respons€s were documented in migratory
populations in central Missouri, an area with little to no
insecticidal selection pressure. This may indicate the
possibility of inllues of tolerant moths into the area. Too
few TBWwere collected to perform any bioassap.
Although, analpis of 1989 CEW bioassays has not been
completed, preliminary results app€ar similar to those in
i988.

Based on two s€asons of monitoring, we conclude that
CEW is by far the matnHeliothis sp. in southeast Missouri
and that populations of this insect are susceptible to
Pyrethroids' A-.4. schrcib*,1?.fg5;ili

Dcpartmcnt of Entomologr,

""*^'&ijy;iliib

Insecticide Resistance in Western Flower
: fhrips in Missouri

ldontrol failures of organophosphate, pyretfuoid and
\-,carbamate ins€cticides used against the western flower
thrips (WFT), Frar*Iiniclla xcidentalis (Pergande), have
been reported in several locations througbout the state of
Missouri by greenhouse op€rators. Control failures were
occurring despite the usc offrequent and heavy
applications of insecticides. The glass vial bioassay used to
docnment resistance in Heliothis spp. uas stightly modified
for these studi€s. Vials were coated with doses of diazinon
(1m,50, 10,5, 1,0. 5 and O 1 g/Vial) or grpermethrin (10,5,
1,0. 5 and 0. 1 gfuial). Food consisting of one square cm of
flocrer leaves was added six houn after placing the thrips in
the vials. Thrip were checked for mortality at 24 houn.

Adult female WFTwere collected ftom a colony that
was oUtaineU ftom a producer in Iknsas City MO. This
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NBCBNTT DEYELOPMENTS IN
NESTSTANCE DETECTION IN

ANOPHELINE VECTORS OF MALARTA

ln Guatemala, changes in cross-resisunce relationships

rnO tft*"f"ti* signnca-nce of resistance mechanjsms have

ilftil;enteaising a microplate resistance monitorin g

scheme. The frequency and level of elevated esterase

;;;ili" i"oittotn'ion has hcreased'in AnoPheles'olaiin^ 
thoughout the Pacific Coast' Cross-resistance to

Oeftametnrin has-been shbwn to b€ due to the elevated'

;;;;;ihigher lwels. The highestlwels of esterase are

now producing cross-resistance io malathion. The ftequency

;;ih!-i"*;i,"iteacetylcholinesterasemechanismhas
o*riinilpt*ipitately, reflecting a country-wide shift in '
;;;l*i; ;A p"bt# health ft6m fenitrothion' which

;3i;i;;i"*ilitive acetvlcholinesterase as well as the

.i.".iJot.rase, to deltainethrin, which selecs for the

esterase onlY.
We have concenuated on integrating kinetic- (

time-mortality) bioassap (conduaed using. simpler' less

expensive mai6rials; wiin microplate-based assa]6 to

oroduce a comprenensive qnteri for detecting resistance and

irechanism. fmeans has been devised to exPress resulls.ol

iloiit typo of assap i1 x similar fashion on the same cnarl

Resisuhces to organophosphates, carbamates'
;;;;;-diti"o, Zoa iyretiroios.have now been detected

ani rnectranismsideniihed in the field (in Ecuador) using

Itri. tooio""l- Resistance mechanism frequencies and

;;;uili;ls ioitn. known resisrance mechanisms in all

cunently-used insecticide classes may now be conveniently

derived iiom the same mosquitoes'--" 
a -iooplate-based meinoA tot detgcting glutathione

,+o*f"oGDD'T resista ne' tn'4nopheles ahimanw an.d
";;"rh"-;;AL* n's been develop€d' This technique

frItoiil.lt"u r."aioo of a mosquito homogenate' but

requires tIV detectioo^-r-il; 
icr resistance mechanism has been selected ftom

tttus- T\e mechanism gives
but lower levels for the
tltaincthdn- The resistance is
ss€s to methoxychlor' An
:n develoPed and tested which
ferase and kdr mechanisms to
in the field-
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Recent Publicatio4q!! Resistance

A new book, -Pesticide Resisrance in ArthrgPo'$: edited by
' ' - 

R R;;h and B. 13f35hnik will belubl'ished by-duo^"o 
and Hall early in 190' Contributors include

#l';qGi g. Croft, r' Daln R'-fraench-constant' G'

a;;ght;i, N't. Hoy, F. Plapp, ir', D' Prec' J' Scott' and

D. Soderlund.
M;;;6. t;g' E" r"u.thoik, and M' w' Johnson' 1989'- -Bfl"s 

of 
'Uiotogcat 

and operational factors on

evolution of insecticide resistance in Lmom)'za
(Diptera: egromyzida e)' J' E c on Entomo l' 822 %9 -37 3'

d;;:;,;noE e-t*ashn* 1e8e' lrg-autotomv of''";a;i; 
oiamonauack moth (-epidoptera:Plutellidae) in

;;;"* to tarsal contaa*itir insectici0e residues' J'

Ec on Entomol. 82: 3{31 -3&4

R;;;im, J. A. and l"L d Hoy' 1939' C-onfidence- - 
ioi".u"ft for the Abott's formula correction of bioassay-

Gt" fot control topo*t''r' Econ Entomol' 82: 331-335'

f"ua.nnig i. e. 
"no 

t'i.l-. C*ni"g' 1939' Quantitative'-"**til"nalpis 
of insecticide resistance: variation in

Fenvalerate iolerancc in a diamondback moth-n-"pioopt"ra: 
Plutellidae) populatio n' J' Econ

bftomot.gz:S-t}.
TJ;ilil., B.E" 1939. Modeling and evaluation of

resistance management tactics' In: R' T' Roush and B'

E-i"urtn"n ("At), Pesticide Resistance in Arthropods'
Chapman and Hall (inPrs2: - ^.

Mooie,'A, B. E Tabasinii andJ' D' Stark 7989'l*g' --;;;;6;y: 
a novel mechanism of pro-tection against

insecti"iOe poisoning in the diamondback moth
fl.roidoptena: Pluteilidae). I' Econ Entomol' ( in-p.rp)'

f"Utsnirik,'8. E. 1%9. Maniging resistance with multiPle
D€sticide tactics: theory, widence, and
iJmmenOations. -L F'coru Entomol' (in press)'
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