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Editorial
W: p]".qizc for rhedetay in gefting rhis' ' newstetter to- Vou. We have been experiencingsome budget shortfals and had to *aliio,ais.

.d{Uo1a] support. It is ourt p. tdil;. issues willnot be delayed and t!{ we wif have n.rn on a regular
l*uT-y,July, schedrle. If you t*, *y'r"ggestionsforadditional support or, particularty tfr. ,i.iUng .*t,of this newsletter we wouid Ue very'mucnappreciative
gryog input. our next issue *li ri, p"uii.jr"c inOctober

MarkE. Whalonand
Robert Hollincwonh

Michigan Sate Universitv

News/Review
The International OrganizaU- fo.
Resistant pest Manag-ement

The International_Organi zattonfor Resistant pest
_ 

r Management (IOPRM) wilf convene the FirstInternational Conpress November f , n ougt November4,l992in the Waihington, O. C. area.-""
The purpose of this invitationar congress wiil be thepresentation and discussion of resistanipest

management prograTs 
.&veloped by tObnU workinggroups for: mites, insects, anC the Fire Blight pathogen

9n-app,le! in Mexico; diseases and mites oir apptes inPoland; Heliothis on cotton in India, Diamonclback
moth on crucifers in Central er.ri.a; anJwhite fly onroll crops in Mexico.

--_Invited participants in the Congress will includerepresentatives of government agricultural research,extension and regulatory agencies, United Nations
*:.lo.ptnrTtpr6gram, the World Bank and orhertnternational develoDment banl6, agrichemical industryand industry associations, non_governmental
organization, and internationU fo venpment agencies.

Dr. B. C. Smale, Director
_ IPRM Executive Comminee
IDternariooal Resistance pesr Managemen; Opli;

. A Congress fa Implernenafion
c/o Agricultural Research Institute

""*,0*?f |fffl'lil'f

Janr

WRCC-60 lgg2Annual frleeting in
Conjunction with the Annual M'eetin
the Weed Science Societyof America

.wf;,,8fi;:8*f##ffi fJ3.Tr,f.EHJo.
1ol9 in providing a iorum f- Cir."rri"* of resista
F B:ryfr gavJme adminisrati;;;;;; rhe renfor the WRCC-60 for tggt_g4*u, upiiourO rurtsummer, contingent pon .a<tding,,inteidisciptinaryinvolvement". The oblectives oim. VmbC_60 wediscussed.

_ ^N*o.n.l.Funding Initiative: J. parochetti, CSRSprovided a hardout on th9 proposed CSRb irJ"AgriI1993, which includes an inirease of tfre ml
lgomneUfive grants prygram) to $rSO,mO:. paroche
discussed the overali CSnS nuogei, ;ffi provides20vo of Expriment Station ild;. 

'-'"

- IRAC and pEG: C. Staetz provided a handout o:tlrcse tuo committees anddiscuiseO nJr ruSory.

_ Cost of Simulating Resistance by TobaccoBudworm in Cotton:-D. w",f;;g;r *;. a briefpsegch report on the above topic, ind irovided ahandout summarizing rus nndii!;: 
-* 

"^"

__ Insect Resistance to Baciilw thuringiensis: D.
*:^flg:y:.1trpo.rt on genetic linkage anatysis ofre$shnce in the tobacco budworm, aiO frovideO ahandout to attendees. Discussion i;Iil;;"" generirofresistance.

- Overview of Resistance in Weeds: H. LeBarondiscussed herbicide resisrance il;;;;id;d a handouon distribution of herbicide resistarir;*Jr. Discussi,followed on design on herbicide, io uuoiJringle targesite mechanisms of resistance. Disc;r;;; also dealtwith herbicide resistance in general unO"p.inrlples thrrelated to insect resistance. The criteria for whatconstitutes meaninpful resistance *rr. Oirrursed, andwhether such inforiration should b.;il; the EpA,sregistration data requirements for p.r,fi;;.
B.t. Management Workng 

^Group: M. Dimockgavra report on B.t. mechanisms of action, p.oOurfs underdevelqment, resistance to B.L, ..rir-tul.rlanagemer
tactics, and the B.t. Manager.nrWo*irilCroup. ehandout was provided. 

- ----'-F '

ALS/AHAS Inhibitm Resistance Working Group(AIRWG): C. Carson_dirrurr"d Ur; hirt"ry 
"f 

ALSresistance. and the AIRwn .^.t. ^-,n ̂ ^I".1^, _
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scientists from the different companies view or
perceive resistance of the target species.

WSSA Herbicide Resistant Weeds Committee
(HRWC): J. Dekker reported on goats and activities of
the HRWC, a standing committee of the Weed Science
Society of America.

Chair Wolfenbarger asked for comments about the
meeting from the administative advisor. Dr. Bernays
felt that WRCC-60 should focus on a single topic
instead of trying to cover all topics. Sne fett there was
not enough notice. A goal should be to cmrdinate one
topic by the three disciplines.

be effectively retained for six months when sealed in
aluminium foil and stored at 5oC. pre_treatecl filter
papers form the basis of a self-contained field test kit,
yhich can be easily distibuted. The kit also contains
plastic rings for confining insects on filter papers,
together with perforated covers and plFEbmutsion to
?le^v€nt insect escape by flying or crawling (Taylor
1990).

The number of discriminating doses for different
insecticide/insect combinations, and for which test
papem are provided, is at present Umited. It includes,
in addition to malathion ldata for which have been
lu1lub]: fm-many years), pirimiphos merhyl and
fenitothion for evaluating sampt-es of Tribolium
l^ b!, u! and S ito philus spp. Discriminating doses
for other insecticide/insect iombinations will be
introduced in the future, and NRI's present research
program includes the determination of appropriate
doses of pyrethroid insecticides for economiiatty
important bostrichid beetle pests of stored products.

The resistance test kit has been developed with
particular reference to developing counffus, where
local preparation of insecticiOe_neateO filter papers
often presents problems. In association with the
chemical manufacturers' organization GIFAp, NRI has
recently commenced an inftoductory resistance
screening program in four African iountries which
have- been supplied with test kits. The program aims to
validate the kit under fietd conditions, whiie at the
same time gattrering data on the resistance status of
::l:tul 

major grain-pests to insecticides currently used.
srnce pubtication of the FAO global survey in 1976
(Clunp and Dyte 1976),there have been iew studies of
resistance to commonly-used insecticides in field
.strai-ns (see Champ l9g5) and very little information
has been gathered from African countries.

References

Anonymous. 1974. Recommended metlods for the detectionand measurement of resistance of agricultural pests topesticides. Tentative method fm adutn of some ma;or
bee{" p"rB of stored cereals with malathion and lindane -FAO Method No. 15. FAO ptant prote"ti;; Bulletin 22:127-117

Jodie S. Holt
Departnpnt of Botany ad plant Sciences

University of Calilornia, Riverside
Riverside, CA 9Z5Zl

(7t4) 787-3v{_r
FAX (714) 787_4437

A Field Test Kit for Detecting Insecticide
Resistance in Stored-produc[ pests

onsiderable damage may be caused to grain and
similar commodities after harvest by iriect

pests, particularly in warm climates. Ttre number of
insecticides available for protecting grain has never
been great, due partly to the relativitly smatt market
seclo.r. Increasingly, however, a major factor is the cost
and timescale involved for manufacfurers in obtaining
the.data necessary for clearance and registration of
grain protectants. It must now be considered essential
to retain the relatively few registered insecticides at
maximum levels of effectiveness. The important
insecticide malathion has ceased being used as a grain
protectant in many countries because of the
development of resistance to it by one or more major
grain pests. It is vital to prevent a recurrence of this
situation with more recently infoduced insecticides for
as long as possible. Early detection of resistance bv
screening insects in the field, can help in the planning
of recommendations to avoid or delay the onset of
resistance to a particular ctremical comrrrrnd
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5. Food and Agriculnre Organizatiur of the United

Nations, Rome. 297 P'

Tavlor, R.W.D. 1990' Field detection of resistance in beetle
'"';Jt 

;;uct iosaticioes' ProceediFs of the 5th

il;;;;tl *o*int conference on sored-hoduct
Protectist, Bordeaux, France' (ln press)

RWDTaYIc
Grain TechnologY DeParmrnt

Natural Resqrces Instiule

Central Avenue, Chatham Maritirrc
C:tratharn Kent ME4 4TB

United Kingdom

IPRM Deciduous Fruit Team Visits

Mexico

TOPRM is dedicated to implementing resistance

hanagem.nt ptolo*s *utd*idt' Several IPRM

t .tt'tt"duOOtttbOitsistance problems thnoughout

;;;;tld in ig9r. Among these teams' a deciduous

ftuit team was fumed and'dispatched to Medco'

The team of nine scientists from the U'S' ' United

K;;a;, Argentina and Germany visited the Siena

a"lrfi;.h" 
"pplt 

production region in Cuorhtemoc'

Mexico. The local growers' giowe-r organizations and

trr".ttntt. hostedi four day o1-sit9 progam' The

."*Ui*O Mexican and international meeling was

*.Oa up of representatives from academic institutions'

policy makers, go"rrnrntnt researchers' agichemical

inJoitty, and iniernational donor agency' local growers'

il;;ft*ion workers and local industry'

The meetings objectives included an ox-site

urrrrrln.nt or-pesulioe resistance in apple production'

ilJio *it apreliminary resistance management

;t;p*.I dbeiubmitted to donor agerrcies' Trte team

lonitn t witlr local support' identified two severe

;ffiiA;;ft-i;i*d i; R"uignt and 2)white appre
i..frropp.r. Resistance is atso suspected in codling

motfr anO PhYtoPhagous mites'

January 1992

MarkE Whalon

Michigan State UniversitY

Department of Entomology

and Pisticide Research Center

East Lansing, MI 48824

Gr7)353-9425

Workshop on Integrated P-e-st-

Vf 
"rr"g"-ent 

and insecticide -Resistance
Asian Grain LegumeManaqement in

Crops-

lg-t|March 1991

crome 40 delegates representing the majorlegrrme
D *o*ing cou-nfies oi Asia' tlre agrochemical

todut6, *O [nternational research and policy

;;;il;dzmet in Chiang lvlai: Trail*g 
to discuss

ffiint got"d managementof grainlegume.pests in

Ad;atht related topic of insecticide resistance

,iln g..tnt. Ttre meeting was sponsoredby IDRC'

aib;e;igy itttun*o) Ltd. and ICRISAT' as an

#il;iilAsian doin r"gotes Network (AGLN)'

The workshop was divided into trilo M9O"y

."rtingr, the first meeting dealt with IPM-Oer se' the

.."""d"*itn insecticide relistattce manageme nt (IRM)'

tttogttir*g thatIRM is a facet of IPM'

The Objectives of the workshop were to:

o determine the need ard the srength of support for

network activity iunong legume entomologists in

Asia, and if trrirBed was demonsuated tro:

. nighiight prioity areas (research topics and key

insect Pests)'
. t*u*ii. the feasibility of increasing the

interaction Uetween pttUUc sector researchers and

the agrochemical industrY' 1
odeterminetlrcextentandintensityofinsecticide

i.tis^o inthe farming systems that include

grain legumes, and
. to discuss pofrci"t that would prevent insecticide

resistance 
-in 

legume crops reaching the grave

levels found in other commodities'
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Brief review of the Proceedings

Day 1. Country delegates presented anoverview of

ttre malor insect problems that beset grain legume crops

in tfreiicounriet. A CiU.-Geigy representative outlined

tfr** policy of his company towards.Py'*d
indicated the kind of information the private sector

would like to receive ftom pnblic sector scientists'

Day 2.The mmning was devded firstly.to

reviewing the policy milieu in Asia as it might

innuence-tftt imptehentaUon of IPM in farmer's fields'

Discussion was iree and wide and touched on such

matters as open and hidden subsidies and rational

behavior when discussing the economic importance of

i^.itt. Even though IPM researchers depend upon pest

damage to justify their continuing employment it was

ugreed tnaitney were doing their profession a

dlsservice by overstating the losses caused by insects

and other Pests.

Delegates then discussed the technology transfer

"loop" iln tnei. counties. The loop starts with the

tranimission of the message from the farmers about

what they really need and want to know, to the sources

or providers of ne* or existing information' which

should then be transferred to the farmer'

In the afternoon the major problem areas were

diJnguished and separated into topics that could be

nandIO by discrete working groups' A-b-allot was taken

to determine the relative importance of the potential

working groups across Asia. A set of recommendations

for acti6riUy itfens and the international research

sector was then drawn uP (below)'

Day 3. Country representatives outlined the

insecticide resistanceproblems in their counfties' The

discussion centered on legume crops, but was extended

to cover the problems of the relevant farming systemsl

especiaffy *it.te they contain clons- that.are susceptible

to potypnagous insects that are likely to become

resistant toinsecticides. Cotton and Helicoverpa was

the combination most frequently referred to'

The Ciba-Geigy representatives gave an account of

how the industry, via ttre Insecticide Resistance Action

Committee QRAC) and a US Government backed

internationai consortium of representatives of industry'

Day 4. The final day was devoted-to discussing

approaches to dealing with insecticide resistance

fionft*t. GuidelineJ drawn up in Australia following

!*p"titntt in managing p;yrethroid re{tltt3 formed a

U.in f* this discusiion.-'itre rped to detect insecticide

resistance before it manifested itself in the form of

pesticide failures was sftessed. A set of

iecommendations that indicate how the delegates

ficeived the need for, and direction of, future action

was drawn uP (below).

Recommendadons Leading to the Formation of

a Sub-Network Dedicated to the Integrated

Control of Insect Pests of Grain Legumes in

Asia

L It was recommended that a network should be

formed, under the aegis of VAR, FAY and

ICRISAT (AGLN) (Note l) to Promote:

o tlp exchange of information on grain legume, -
pests (Note 2). Specific mentionwas made of the

need to communicate information on the results

of pest surveys canied out by members of

national Programs;
o the exchange of natural confiol agents, including

pathogens,-and germplasm and-breeders material

with insect resistance in its profile;
o human resource development by the interchange

of trairrces and organization of specialist taining

courses;
o tIrc development and application of

biotechnol,ogical techniques specifi cally

orientated to the needs of IPM schemes'
o rational insecticide management; and taxonomic

support for the identification of insect pests and

tfriir naturat enemies, ideally through a Regional

Center.

Note l.l A coordinating body with this structure is

necessary to accommodate all the relevant grain

legume crops in Asia and the needs of the relevant

countries.

Note 1.2 Ttre term "pests" normally includes all biotic

constaints. The possibility of linking with other

legume constraint networks or of extending the

proposed network to include fungal pathogens'

vertebrate pests, and weeds in the future was acceptedacademia and the public sector International
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where accessible, ftom international institutes in

Giegion and from institutes on other continents'

The Working Groups higtrlightgd in discussion' in

prionty mder oltopic, are (notes 2'l-7)"

r Pesticide management (l)

o Agromyzid fliei QF)
. Sorage pests QF)
. Inseclcide aPPlication (4)
o HelicwerPa (5)

o Mamca (6)

o Mirus vectors Q)
o Soil insects (8=)

o Podborers (8=)

o Defoliators (10)

o Thrips (11)

o HeteroPtera 02)
o Insect Pattrogens (see note 2)

Note 2.1. The ranking was determined by ballot and

ii&-ttet ut importaice of the areas of potential.worfit 
groupsin terms of constraint intensity' It was

.tm"ff.Og.O tft.t the priority order would be different

A;*t revirsed) in terms of the need to gather and

collate information abut specific pests'

Note 2.2. The exploitation of insect pathogens was

iffi-lo-U. of highest priority by researchers but the

;"ki"g of this tdpc w:as depressed because it is

.otttn[y of lesei impdance to the private sector

although research is ongoing'

Note2.3. The anticipated rrceds o-fIryryat' Nepal

unO Sti tanka were indicated by ICRISAT

ttptetent"Uves because delegates from these counties

had been unable to afiend.

Note 2.4. kxlusty and the extension sector indicated

il.-rr.t*rs sirould provide them with information

about the life cycles, phenology, population dynamics'-

natural enemies anO.damage-yietrl loss relationships of-i;t 
pt*. This is irrcluded-in the infmmation requrred

aUout specinc pests or pest groups together with

indications of potential IPM strategies'

Note 2.5. Species included under "pod borers" =

ffipnrie qoth, blue butterfltes,^md Etrcosnwi

Riptortw, Clavigralln) ancl mir-ils (e'g' Campyloma);
;ioogt pests" refers specifically to bruchiG'

Note 2.6. A "thrips network" has already been initiated

ffi-o tlre needs of legume entomologists can be

accommodate therin.

Note 2.7. It was agreed that studies of the natural

ffi-t*rtpecifii insects c insect groups would be

it*fuOtO in tire activities of the relevant working groups'

3. The need to monitor the effectiveness of IPM in

economic arxl socioeconomic terms was stressed'

anC specific recommendations were made to:

o in the near future, hold a workshop to compile all

available base-line data on the relationships

t"ttnttn pest density and yield loss for grain

legume crops;
. to-initi.t" siuOes on the effectiveness and farmer

perceptions of IPM in grain legume.crops;
. 

'anatiz-e 
the impact of the policy environment in

the furtlrerance of IPM'

4. Technology exchange and information fransfer

should be facilitated bY:

o newsleter(s)
o meetings of Working Groury
. constnrction of an IPM data-base
o investigating the possibility of-organizing an

int"*":tio*I Grain I-egumes Workshop to be

staged in l993t94by ICRISAT in India
. pdtting support for inter-country study tours'

5. The widening of the membership of the network

shcnrld be soight to increase the pool of experience

available within the network and to atffact donor

support. Specific mention was made of:

o ADB
O AIDAB/ACIAR
I CGIAR - (CIAT,IITA,IRR[,ICARDA)
o CP-CRSP
o FAY (Rome, Bangkok' Manila)
O GIFAPflRAC
o CrTZ[BlvV'
o ICIPE
. I[)RC
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o PAN
o P-CRSP
o TARC
o UNDP
o WWF
a

6. Attemps should be made to link with other

networks with common interests

7. A Steering Committee based and administered by

eCiN at-ICRISAT Center should be formed to

pto.o,. ,f,. activities of his sub-network' It should

be chaired by an ICRISAT Irgumes Entomologist

;i;;p"t6o oreclll counry representatives or

tn iinoririn es if the representatives is not a plant

Drotection specialist' me private sector' AVRDC'

Feo *o N'cos should be represented on this

srcering committee'

Insecticide Resistance Management in Asian

Grain Legumes

Recommendations:
1. The group recognized the importance of Insecticide

Resistance Management flRM) as a component of

tni intrgrut.d ma-nagement of legume pests and

*irn.Oio link IRM-with the IPM Network

proposed above through tne nesU9lf e. management

working group' It alsdrecognized that many of the

i^."t iJtt oi rtgumes live on other crops and - -
stressed the im$rtance of the coordination of IRM

uaUuiU., by insect species and across farming

systems (as opposeO to the existing emphasis on

croPs and commodities)'

2. The group emphasized the need for accumulating

baselline data about key or high risk pests with

ittp".t to their resistance to different classes of

insfcUciOes, where possible before resistance was

detected or suspected' Initial research projects

should focus on:

o Maruca
c SpodoPtera
o HelicoverPa
^ a-L.izrc ioccirlc onrl white fligS

Monitoring techniques should be identified'

stanOarOiO, and &veloped or refined where

necessary.

5. IRM/IPM sfategies should be formulated on the

L.tit 
"f 

ste speiific, base-line susceptibility and

resistance data as well as on the results of

resistance.

6. There is a need for the continuous evaluation of

IRM sfiat€gies.

7. Every effort should be made to ensure the full

lartiiipation of policy makers' rese.archers'
'ulo"tny 

and farmersio guatant"e the success of

IPI\,I/IRM Programs.

8. The Asian Grain l-egumes IRM Network should

establish linkages witn tfre donor community'

iopinrt'r,ln{c, FAY and other international

bodies to sustain work on IRM'

Summary procee<lings were available in September

1991. Delegates will automatically receive a copy'

Communicated bY:
Dr. J A Wightman'

Internationalcrops*"'"'"n'ff'"f fi*trffi:ffifi i:3i:
(ICRISAT)'

Patancheru, Andhra hadesh ttTli;.
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Resistance Around the

Globe
Toxicokinetics of permethrin in single
insects: A Method

'e have known for along time that some
VY pyretlnins and DDTbecome more toxic as

tetpetuto.es decrease. loq Spalts pt"."i*d 
91?i.::

of a number of pyrethroids for tobacco budworm larvae

unO mff weevili. His data seemed to indicate that the

toxicity of u-cyano pyrethroids, such as cypermethrin

fenvalerate and Cettamethrin, did not vary greatly with

temperafure, whereas permethrin, with nocyano

,ututitoUon alpha to the chrysanthemic ryi$ moiety had

u ptonoun td negative temperature coefficient of

toxicity.

The symptoms of intoxication from 4 ng of

permettiin apptied topically to susceptible house fly
'.Outt" 

*ere tbvetsed immediately by moving the fly

from 24oC ta32"C. The symptoms of poisoning

reappeared if the adult were cooled again' This process

wasieversiUte, and symptoms could be obtained at will

for some hours after iopicat treatment' Gradually'

however, the temperature at which poisoning

symptoms appearbO grew lower^as the time afier

topiiaf teatment grew longer. At someloint' the

tytptott did no0reappear even when the adults were

cootiO to 12oC below which the adults entered cold

"sfupor," a condition in which potsoning symptoms

were very difficult to discern.

I have felt for some years that observing the point at

which poisoning symptoms could be seen in the

**nti OescriOediUove was, in essence' watching the

::
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minutes of topical application. The decline in

permefinin concenttation in the hemolymph duplicated

ilre dectine in temperature at which poisoning

symptoms were seen in parallel.experiment protocols'

I have been calling this decline "elimination rate

kinetics," but as pointed out by Bill Plapp' that is not

correct. Elimination already means something else and

it would be confusing to bmrow the term for what is

eoins on here. What I mean by elimination is the

tecri'ne in concentration of permethrin at the site of

action, but I don't have a fancy Soundingterm to

describe it Plapp came up with "removal"'

Last year I decided to examirie these removal rates

in tlre pir* Uottwofin, P ectinophora -go s sypiclla

Saunders with the assistance of Dr' Moustafa Ali from

the Pesticides Laboratuy, Ministry of Agriculture'

Alexandria, Egypt under the auspices of a National

Agricultural nes-earcn hogram exchange fellowship'

Figure I shows the dose-mor0ality curve for d-trans

pet^Jtttin applied topically to adult pink bollworm'
'ttote 

tfrat to*iiity covers two orders of magnitude

between l2oC and 32"C. Doses are shown in ng per

moth. The adults weigh on average about 8 mg, and

these data are from our laboratory susceptible strain'

Drlcaty of Fnafitl
al lriltrt fna.ifl

The protocol for determining removal rates of a

given dose was as followsr Five.adult pi*.b"ll1Tl:

iere treated topically on the underside of the abdomen'

anC ptaceO at one end of a thin narrow aluminum table'

The table was kept at 34oC at orrc end and the opposite

end was placed in an ice bath so that the upper surface
.^-o- cimnlrr
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thatsymptoms of poisoning were *.nt:3b-t"ined when

tn-.d"iit were treid at ttreivarm end of the aluminum

slab (34'C).

Immediately after treatment, the adults were placed

on tn ;* ttiO of U* table' As soon as practicable'

the insects were moved towards the cool end of the

table. The temperanre at which poisoning symploTs

started to appear was recorded for each insect and the

ffiA *.t. Ut"n immediately moved backto the warm

in the of table and kept art?y'" for about five to ten

minutes.

After the first time interval, another temperanre

*u, o.i..rined at which poisoning.syr.nptoms occurred

idr"ti;.i to the first measurement' Again' after the

OatattinaUon, the adults were rernoved to the warm

;il;ith; table. This process continued until symptoms

couldnotbeobtairred.abovecoldstupororforabout2
hours. Afterwards, the data were plotted as the highest

ir"t"ptt.t"i. poisoning symptoms were se€n at a given

timJiorrowing to'picai t-eatment' Figure 2 shows

typical results.

In Figure 2 the solid line shows the data from our

,ur..ptift. strain fieated with 2 ng of permethrin' A

;;;k'gl** at figwe one shows that 2 ng was the

iiiio Sutti"td if ihe adults were kept constantlv at

20oC for two days; whereas, if the adults were kept at

uUon. 32"C,thelethal dose was well above l0 ng

p.*ttti". Thus for the purposes of these

experiments, we were keeping the adults under

.ondition, which were sublethal'

PBt adults trom the field

diff erent doses of Permethrin

after which no symptoms were obtained' This meant

tlnt ttrc removal rates for permettrinin fleld animals

ilit **io.oury higherihan those for susceptible -
animals when all t rtt *ttt conducted under identical

conditions.

Removal rates in the field animals could be obtained

tuiil& ti*ito tothose obtainedby permethnin

t ."tt nt of the susceptible inseq merely by

irireasfu the dose. A gtance al qgure two shows that

itrno""f ltes of O ng ofp"ttoetlrin ol the field stain

were sUff faster thani ng applied !o tlrg susceptibl-e

r["", t-trtnt field staiiremoveO a 10 ng dose of

;;;u"ilti"wer than a2ngdose applied to the

:ffi;ilil;"tin. rnttt data suggesttg F"t the LDso
il;;tilttin topically tp-pti9.dto ry ry,td 

strain was
,roinO +-ford higner tnan-fu the susceptible insects'

and this is what we found from our ordinary topical

toxicity studies.

What does all of this mean? I interpret the data in

nigure ito mean that permetlrinillllt:l'in utt

itt"tofyrnpn of the insict five minutes after topical

ffiffiti;;; abolus of dose' ourtoxicokinetics
measurements or permethrin entry into adult house fly

;;;;fumingiimitar to Figure 2' with the same sort

of time course.

If nervous tissues are dissected out of an adult house

ny i"n.inutts ater topicat pnticatig,l of permethrin'

*O nutntO with saline, the tissues will exhibit

poisoning ,y*pt* tothe same extent they would if

[r*y *ttI ossecteO fresh from unueated adult house

iit", tn p.tntsed at a concentration of permethrin in

;tlfit equivalent to that found when hemolymph is

."fft.t"O and analyzed ten minutes after topicd

;ffi;d. rut oittris terds to suggest that the highest

Jo'ncenttation of permethrin in the hemolymph is

obtained within minutes of treatrnenL Thereafter' the

concentt"tion of internal permetlnin declines at a rate

tfr,at OepenOs directly on liorv.fasl the insect is able to

meadlize or otherwise eliminate it'

For these and other reasotls, we feel that the

"*foJ 
values given on the ordinate of figure wo

*r'oit*Uy related io permefirin c:nTnlation in the
u^-^r.,anlr ^t+rrp treited insect. For this reason these
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arnount of permethrin that were acnr$tV i!^re

il#il;pf, courcrue dtt"ttinto with great accuracy'

there is virtually no *iV t Ut zure what itleans in

terms of poisoning 'oili*tion atthe multitude of

;;i;;;i;'di"n in tte nervous tissues'

As good as radiolabelling i-s as a tTlligue' in our

studies of rhe conce"fi;;?f prrmetuin ! 
the adult

house fly, we suu rouJiiton*oitnt t9 p*l samples'

This was partly *t"ut'J'f" ttttnofytpn one can obtain

fromthe adulthouse;t ** uoun<f l-l0pliters and

il;t.ptcially reproducible' The er9rmous

advantagel"utt"oittiit-ptot"9yt^it*outlined
here is that the 

"t"' 
'JufiU" Oetermile! in individual

insects ununbiguoutii' in addidon' size was not a

factor. The same proilO*tt toufO $ .an$ed 
to the

smallest insects 'o"tffJiil ni t4 uttipt' All that is

required was for tne'sJmptoms or poisoning to Ue

visibte bY whatever means'

The beauty of the determin"tiol of elimination rate

kinetics uv . t'*p"*ii!tuuit it $r$jt rfnresents the

first time toxicity ttn Ut Ottttti"td.qgt single

insects, or tlre measiiement of a toxicity phenotype'

The fact that the 0"il*t Jt"ined non-destructively'

means that ttre tn"io?in"n" *":d-f::1,:*ding studies

or merely added uot i" t laboratory colony once the

ioiti.f t"ttt are finished'

This method also is able to check something that

has confounded itttitit"'a"trogy from'ttre beginning

orthe fierd. F #;;il;;; 'T:l:'k irremovar

rates in larvo of rifoil"t"Uof" "tt -dilftitnt 
from those

in the adtrlt' W r''int &termineO faLjor ninr

boflwsm at teast' iemoval rates of-permethrin are

ffiilJaldttrrc urvae and the afu| o-fjne same

animal. hrvae *itt tttt"O on the temperature table as

described above' tt"Ero U"*gh pupation and

eclosion. Ttt" #;q;tad-uls showed removal rates

that were inOsfinguiinablg fro1n rates that were

lutaineo when theY were larvae'

Removal rates shorld b" tTTPtiPt': to change if

animals tt o'"tJ'iJitrt metauorrc intriuitors such as

oiperonyl t-'to-i;;;ffitft* with-metabolism of

permethrin' W' il-tut-oUtuined rym9val 
rate results

rrom pink bou w#; ii**:* 3:tr'Sti"Hft
HJiJ"ff##fiil;;;*ent witlr permethrin' ro
eliminate int"'r""*JuJt*"tn the applications of

rlifferentmaterials,p'll*"t"ppritoi:'*:"t*:**Tf
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bollwcms that were prefieated with 4 ppg of p'b'

Comparing Figure I to He;t 2.tho::^*:1 in both

cases removal rates *ltt iro*to considerably by p'b'

prefeatment

.d;;;;titt tre ract $r-at toxicity measurements are

averages and are Ott*tti"t' ffre qgtn$described

above greatly '*t"no' tl" amount of information one

can obtain from a 
"ngrtl*ttt 

and a vg1f-1mple test

Drotocol. It allows prirnotyp"r for toxicity to be
'"it.tutto 

non- de structivel Y'

While the protocol described here appllls to

oermethrin because of its negatint Ttf:I*t
ioefficient of toxicity' ttt in?o*utioniearned ftom the

effects of synergists on removal rates might have

implications for aUiury iJ o*iOutintry metabolize other

insecticides. Artnougir ttt o-ty-o tT:g"idt 
do not

renerally exhibit t "{!":u"t "titperaiitte 
coefficient of

ioxicitv, a large nu*ii or-tt'ntipttttg"19 do' and

also are photostable ;;#lttfi-it'..T::t would be

valuable tools in *dtl"r try.:k'.:ti::.:la wide

variety of insects' wrtiifateriats that would be readily

"iuiiriur. 
anYwhere in the world'

T. A' Miller and M' Or

DeDartment of Entofiiol(

UniversitY of Califot

Riverside, CA 92r

PBt adults on TemPerature T.able
'liti-l 

ug PiPeronYI Butoride
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Baseline Levels and Factors Associated

loittt Insecticide Resistance of Colorado

Potato Beetle Populations in Maryland

PB populations exhibited a wide range of

intt.ti"iO. susceptibility both regionally 1nd

Cr ince the introduction of DDT, Colmado potato --
)5,g;,I;iCpgih"t rapidly evolved resistance to all

classes of chemical insecticides' Although resistant

6pfi popuf.dons exist in many areas 9f th3 Eastern

5tt*t, gro*tt* in other areas of Maryland-report

ruiitiu.Ioty control' As a first step in the development

of a resistance management program' this study

determined the geographic eitent and magnitude of the

Cpg iesistance-gobtem, and the cropping and

i*t.titiC. use practices associated with the resistanc€

episode in MarYland.

CPB populations were sampled in 1987 and 1988 at

SO iarmi tint"*iOe and assayed for insecticide

tut..pUUif ity to esfenvalerate, az i nphosmethyl'

oxamyl, endosulfan, and rotenone'

Con.6 ntt.Uon-mortality responses were determined by

t*p;"g first instar larvae fot 24 hours to filter paper

tt-'.i.0 iitn eactr insecticide (Heim et aI' l99O)' F,ach

p"p"j",i"" *as subjected to a full dilution series of

iona.nt utions plus an acetone control' Ten larvae

*.tl-.-p"*d in each dish, and each test was replicated

.i1.*t 6 tit r. To document factors associated with

CPB resi stance development, questionnaire i nformati on

on insecticide use and iropping practi-ces during the

;;fit;;t (1983-87) was obtained from 235 growers'

Insecticide SuscePtibilitY

focaffy irom farm to farm' LCso values indicated

maximum resistance ratios of 456-fold fs

.titnuui.tut", 116-fold for azinphoslgtYl: l4-fold for

o.utyf , l2-fold for rotenone, and l7-fold for

.nOotuff-. Resistance levels were the highest for

.ri.n*f.** . ln2l of the 40 populations tested for

esfenvalerate, concentration mbrtatity curves reached

il;;;a, 7o b 96vo, indicating thztt 4vi to 33vo or

the individual larvae showed highlevels of pyrethroid

i*iittnn... Populations exhibiting high esfenvalerate

resistance were associated with commercial growers

*no nuO extensively used this class of insecticides

since its introduction in the early 1980's'
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azinphosmethyl alone; most growers routinely mix

;i-fi;;.tnyt witn other irisecticides such as oxamyl'

.nO.i*ff- or parathion to achieve effective control'

il;i p"e"ttti*t ftom western, cenffal' and southern

M*yl;na were susceptible to azinphosle,ttll' as

;ft;by the RR uuiuet ranging from 0'4 to 8'6'

Interestingly, flilY growers in ttrese regions shifted

"*"i 
r.ti azinpnirsmethyUt,Ptg€cause of its lack

of effectiveness to confiol CPB, but instead' because

*o* a"onomical and less toxic insecticides became

available.

CPB populations were generally more susceptible to

oxamyt inin to the other insecticides' Variations in

resistance ratios among populations were much lower'

;il;g f.;0.2 to 13.8-. In tlre tomato production

*tit Jf tft Eastern Shore, moderate levels of CPB

i*tittu""t to oxamyl, along with an apparent decline in

.rr..tin.n rs .. u fotiar uJatment, may be attributed to

tne frofonged selection pressure impo.secl 
by the use of

oxamyl as-a systemic transplant drench'

Most populations tested were moderately to highly -
reslstantio endosulfan. orty 27Vo of the growers used

.nOisurrun alone during the past 5 years and ofthese

only 52 percent reported satisfactory conJrol' The

ianle in CPB susceptibility to rotenone.(RR varied

rioit O.+ to 12.3) was much narrower' Rotenone is not

used extensively in Maryland, thus little is known

aUout netC effeitiveness and potential resistance

;;;fi.*t. The fact that rotenone effectiveness is

entranceO by synergists and moderate levels of rotenone

insensitivity exist siuggests that resistance mechanisms

are alreadypresent in CPB populations'

Spatial Distribution of Resistance

Tlreouencies of questionnaire responses and
F median RRs for each insecticide were

summarized by susceptibility cat€gory and geographic

;;i"" The most resistant CPB populations were

r"""*"n.ltoon tne Eastern Shoie' where the majority

of commercial tomato and potato acrea-ge ls grown'

Overalt median RR values iveraged 9'8 an! 19'5 for

;;;pe"t ;d to*.t Eastern Shore, respectively (Table

it. dfuy one location west of the Chesapeake Bay was

cut"gotirtO resistant. All 30 resistant populations were

ass&iated with areas of continuous and relatively

intensive production of commercial host crops' where.

87 percent of growers have made significant changes in

,n*uer*.nt p=ractices during the pryt {v-e years to9:al



lnvary 1992
Resistant Pest Management Newslett€r

lower Eastern Shore because of the close proximity of

host crops among neighboring farms'

Populations rated moderately resistant were about

eventy distibuted between the eastern and western

portions of the state. Eighty-five ryrcent of these

iocations also were associated with commercial
g*to. However, the types of farming.operations
Iepesented here were much more diversified than

ttrose associated with resistant populations' Most

susceptible populations were located in counties west

oiftt g.V, as inOcateO by the overall RRs Clable 1)'

Two-tfririi of the 167 susceptible populations were

associated with non-commercial growers, pimarily

nome garOeners. Susceptible popllations were also

r..tt"tiO throrghout counties with high levels of

resistance development. In several areas of the Eastern

Shore, susceptible populations were found in close

proximity (ess than l0 km apart) to resistant ones'

tnttt OiUnct differences among local populations

suggests the presence of strong selection pressure

*iiiin populations and limited gene flow among

neighboring PoPul ations'

Factors Assoctated with Resistance

A catesorical data modeling procedure was used
Ato fiiquestionnaire data to a linear model of

susceptibilitlas a function of the insecticide use and

ooept"g ptictices. High levels of resistance on the
gastern-Snore were reiated to CPB population density'

Because of warmer summers and mild winters' Eastern

Shore populations exhibited more generation turnover

*O tti.fitO higher levels that populations in other

regions of ttre Jtate. Eighty percent of the growers-with

reiistant populations reported that greater tlvn5OTo

yield losi w:outO occur if insecticidal controls were not

applied, whereas responses wjf-Tol: evenly disuibuted

foi tfre susceptible locations Gable 2)'

CPB populations on the Eastern Shse were

apparenity more adapted to tomato as a host crop'

idmpareit to the rest of the state, a greater percentage

of Uotn commercial growers and home gardeners

reported yield reductions greater than 20% on tomatoes

if-populaiions were left uncontrolled' Many growers

wittr resistant populations were restricted in their use of

crop rotation UeCause of specialized prodrction

,yrt .t. The worst cases of resistance were found on

The number of insecticide applications was the

major factor that significanfly contrib-uted to the linear

.ol"t of insecticide susceptibility' Higttly resistant

populations were associated with growel who applied

in6te insecticide sprays during the past five years

Gable 2). Resistant iopulations were alsoexposed to

signint.nuy tnffs x1-planting ueatments of aldicarb on

ou:tuto"t or oxamyl apptieO as a tansplant drench on

iomutoes. Seventy Vo of ttre higttly resistant

;p,ri;d;^were iocated on farms with greater than l0
^acies 

of host crops, whereas the majority of susceptible

populations were associated with small plantings of

io'ri.topt, primarily home gardens' The timing of

insecticide ipplications during the growing season was

not significanily different among susceptibility
categories. About two-thirds of the ryrap were

uppfleO pric to July and primarily qgtgd against the

ovirwintered adults and first generation larvae'
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Table l. Questionnaire summary of management
practices, expected losses, and colorado potato beetle
resistance ratios on farms of 235 growers grouped by
region of the state.

aExpected yield loss in each host crop was rated as: I =

<lVo,2= l -5Vo,3 = 6- lOVo,4 = l l '2 j%o,5 =2I-5OVo,
and 6 = >50Vo.
bo ^^t -*^-^^ +nfinc rrraro nolnrr.l qforl oc ttrp rqtin of fhe

Region of State

WesternCentral Soutbem Upper
Shme

lower
Shore

Numbcr of Respondents

Cormercial l l 30 n 29 u

Non-Commer<
ial

t0 38 l3 22 3 l

Average host
Crop Average

22.5 3.8 1.0 r 1.3 40.0

Average loss radng wlthoug CPB controlsr

Totato 1.9 3.8 4.6 5 .1 3.8

Potato 4.9 5 .1 5.8 +.7 5.0

Average Number of insecticide sprays during past 5 years

13.5 19.5 20.5 27.0 26.5

Median resistance ratloeb for:

Esfenvalerate 0.8 7.7 6.0 4.8 38.0

Azinphos-
methyl

2.3 5.0 2.7 32.3 39.0

Oxarnyl 1.9 1.5 t .2 3.5 5.3

Rotenone 0.8 3.0 2 .1 4.5 4.6

Endosulfan 1.3 1.0 1.0 3.7 10.8

Overall
average

t .4 3.6 2.6 9.8 19.5
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Table 2. Questionnarie summary of frequencies of
management practices and expected yield losses on
farms of 235 growers grouped by the overall
insecticide zusceptibility of Colorado potato beetle
populations on each farm.

Insectlclde ,usceptiblltty CategorYr

SusceptibleModerately
Resistant

Highly
Resistant

No. of Respondents 167 38 30

Percentage of Respondents

Type of Grower

Non-Commercial 65.7 15.8 0.0

Commercial 34.5 &.2 100.0

Hmt Crop Average

< 1 68.8 26.3 3.3

l - 1 0 28.7 36.6 26.6

> 1 0 1..4 36.8 70.0

Extent ofcrop rotatlon and lsolation from previous
yearts crop

No rotatiolr 55.4 31 .5 16.6

Adjacent field 21.3 31 .5 20.0

One field between 18.2 26.3 46.6

Isolated on new land 4.9 r0.5 16.6

Percentage yleld loss expected wlthoug CPB conhols

< 1 r5.6 2.6 0.0

l - 5 tt.2 2.6 0.0

6 - l 0 5.0 0.0 0.0

rr -20 t6.2 5.3
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After July I 34.7 28.9 26,7

No. oflnscctlcldal sprays durlng past 5 years

0 - l 0 42.7 9.7 0.0

1 l -25 40.0 48.4 22.2

25 -50 14.7 25.8 33.3

> 5 0 t.7 16. l u.4

Management practlccs employed during past 5 years

Used soil
insecticides

3.6 26.3 6.6

Increased sprays 16.1 39.4 63.5

Inoeased rates 6.6 13.1 6.6

Changed
insecticides

19.7 55.2 76.6

Added synergist 1.2 26.3 90.0

Rotated insecticide 10.7 39.4 83.3

aSusceptibility categtry was arbitrarily assigned on the
basis of resistance ratios (available for only 56 farms)
and questionnaire data, including insecticide use
patteins, frequency of control failures, ard the
reqpondent's perceived effectiveness of the insecticides
used. A population was considered susceptible if any
of the registered insecticide (excluding carbaryl)
provided economically acceptable contol, without any
perceived loss ofrelative efficacy during the past five
years. If a loss of economic efficacy was reported for
indozulfan and organoptrosphates but not for oxamyl or
unsynergized pyrethnoids, then the poptlation was
categorized moderately resistant. For highly resistant
populations respondents reported a loss of economic-contol 

for all groups of insecticides, and only
synergized pyrethroids or combinatons of materials
provided acceptable field performance.

References
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Baseline Monitoring of Colorado Potatt
Beetle Sensitivity to Bacillus
thurin giensis and Associations with
Pyrethroid Resistance

he increased use of Bacillus thuringiensis (Bt)
based insecticide products and recent

development of transgenic plants containing Bt
insecticidal proteins has brought attention to the
possibility of widespread resistance Qelannay et aL
1989). Although there is no evidence of field resistan
to Bt for Colorado potato beetle (CPB)' recent reportl
of resistarrce in field populations of the diamondback
moth have documented the consequences of repeated
Bt applications in isolated insect populations
("Tbbashnik et at.1990). Baseline determination of
susceptibility to Bt is a necessary Sep in the
development of a resistance management program fot
CPB. Previous resistance monitoring work in
Maryland has revealed signifi cant geographical
variations in CPB resistance to chemical insecticides,
This study determined if CPB populations differ in B
susceptibility and whether this response is related to
existing resistance patterns with chemical insecticide

In 1990, bioassays of both Bt and chemical
insecticides were conducted on 12 Maryland
populations of CPB, selected fu their wide range of
susceptibility to chemical insecticides. A potato
leaf-dip bioassay using 3 aqueous concentrations of t
spray dried powder of B.t. vat. san diego was used tc
screen populations for relalive sensitivity. Second
instar larvae were exposed to tlrc treated leaves at 27
for T2hours at which time the tests were scored for
matality. Bioassays were repeated at least 3 times f
each p@ulation. Concurrently, mortality responses 1
discriminating concenfrations of esfenvalerate, oxam
azinphosmethyl, endosulfan" and rotenone were
determined for each population by exposing first insl
larvae to insecticide residue on filter paper in small
petri dishes (Heim et aL 1990). Each test consisted c
20larvae per dish, replicated 10 times for each
population and chemical.

ac fn nhpminol incentieirles vnrir
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use on any of the 12 populations, differences in
susceptibility were assumed to be due to natural
variations. Comparisons of Bt responses revealed no
significant correlations with azinphosmethyl, oxamyl,
endosulfan, and rdenone susceptibility. However,
LCso estimates of the Bt response and percent
mmtalities caused by esfenvalerate were positively
conelated (e 0.704, P 0.01). Populations that were
most resistant to esfenvalerate were the most sensitive
to Bt (Fis. 1).

Figure 1. LCso responses of 12 Colorado potato
beetle populations to B. thuringicnsis vu. san diego
ranked in ascending order according to their mortality
response to a discriminating corrcentration (100pg/ml)
of esfenvalerate. 1990.

To test this hypothesis more rigorously, two
^ groups of CPB populations were selected in

1991, six of which had very high levels of pyrethroid
resistance and six with no resistance. The following
CPB populations from outside Maryland also were
included: a pyrethroid resistant field population from
Long Island, NY; a University of Massachusetts CPB
colony characterized pyrethroid resistant; ard a
susceptible field population from St. Johns, ME.
Leaf-dip bioassays involving a full dilution series were
performed on each population using a similar but less
potent Bt preparation as in 1990. Only esfenvalerate
was used as an indicator of chemical resistance.

Discriminating exposure tests with esfenvalerate
segregated populations into tlp resistant and
susceptible groups, which averaged 17.lVo and 88.97o
mortality, respectively (Table l). Tests based on the
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pyrethroid susceptible populations with an overall LC
value of 481 g/rnl (Table l). LCso values among
individual populations varied significantly but differe
by no more than 4-fold. Correlations between
esfenvalerate resistance and Bt response were again
significant (e 0.618, P 0.05 for LCso values; r= 0.65
P 0.05 for slopes).

Table l. Corrcentration-mortality reqponses of
pyrethnoids susceptible and resistant groups of
Colorado potato beetle populations to B. thuringiensit
var. san d.iego andesfenvalerate. 1991.

Group vo mortality
(tSE) to 100
pglnt
esfenvalerate

LC50
response
to B.t.

9SVo
high-lov
LC5O
values

Slopes
(rsE)

Resistant r7.r (2.25) 216 246-t88 1.79
(0.061)

Susceptible 88.9 (2.39) 481 s&-3942.50
(0.1 l3)

Jn summary, CPB populations varied significantll
rin response to Bt but did not differ by more than

4-fold Populations that exhibited high levels of
pyrethroid resistance were the most sensitive to Bt.
There is no precedent for a negative correlation
between chemical insecticide resistance and Bt
sensitivity. Since there is no evidence of a related
biochemical mechanism involved, it was presumed th
some fitness cost associated with pyrethroid resistancr
may be responsible for the increase in Bt sensitivity.
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