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News and Review

Pesticide Resistance regulate pesticides to reduce seletance management was based pri-

.o tion for resistance. marily on rotating pesticides with
Management Activities In 1995, Lewis and Matten re-different modes of action.
by the U.S. viewed these activities ftesistant ~ The EPA provided comments to
Environmental Pest ManagementThe EPA does the PMRA on this voluntary initia-

not have an official policy on pesti-tive. The EPA believes that

cide resistance management or @anada’s proposed guidelines on
standard of data requirements folabeling pesticides for pest resis-
Sharlene R. Matten, Ph.D. pesticide resistance managemeniance management offer the U.S. an
Biologist U.S. EPA, Office of Pesticide ~ although some regulatory decisionspportunity for a cooperative, inter-

Programs & Leader of the Pesticide have included the effects of pestinational approach to pest resistance
Resistance Management Workgroup  cide resistance. The EPA has adnanagement. In principle, the EPA

gg‘g;oé‘;“e“ta' Fate and Effects Division ragsed pesticide resistance issusspports such an approach. Like

Protection Agency

401 M. St. S.W. under the following sections of theCanada’s PMRA, the EPA supports
Washington D.C. 20460 Federal Insecticide, Fungicide, andhe development of sustainable pest
United States Rodenticide Act (FIFRA), Section management systems based on the
E-malil: 18 (emergency exemption deciincorporation of sound environmen-

matten.sharlene@epamail.epa.gov sions), Section 6 (special reviewal strategies. Pest resistance man-

The views expressed in this article are decisions based on unrgasonabhggment in conjunction with alter_-
those of the author and do not necessar- human health and/or environmennative pest management strategies
ily represent those of the United States tal risks), and Section 3 (registraand integrated pest management
Government. tion decisions). programs can make significant con-
This article updates the EPA’stributions to reducing pesticide risks
Historically, the U.S. Environ- activities in pesticide resistanceo humans and the environment.
mental Protection Agency (EPA) management. Three topics are disFhe EPA will continue to work with
has considered resistance and resigyssed: (1) cooperation withthe PMRA on this initiative to label
tance management in its decisionganada on a voluntary initiative orpesticides for pest resistance man-
to register and regulate pesticidespesticide labeling for pest resistancagement in Canada and the U.S.
With a greater public focus on pol- management, (2) Section 18 policy
lution prevention and pesticide re-revisions and resistance manage- SECTION 18 POLICY
duction, the EPA believes that it isment, and (3) public hearings on REVISIONS AND

important to implement effective resjstance management consider- RESISTANCE

resistance management strategiestions for plant-pesticides. MANAGEMENT

The Pesticide Resistance Manage-

ment Workgroup of the Office of  COOPERATION WITH A second area where pest resis-
Pesticide Programs (PRMWWvas CANADA ON A tance management has become a

created, in part, to examine EPA'S O UNTARY INITIATIVE key issue is emergency exemptions
role in resistance pest managemenN PESTICIDE LABELING  as described in Section 18 of
and to provide policy options 0 FOR PEST RESISTANCE  FIFRA. These exemptions are is-

MANAGEMENT sued on a state or regional basis.
1 Members of the PRMW are: They allow a pesticide to be applied
Sharlene Matten (leader), Neil In December 1996, Canada’do a crop or in a situation not stated

Anderson, Leonard Cole, Tobi

n the pesticide label, or to apply a
Colvin-Snyder, Frank Ellis, Mary Pest Management Regulatony P PPl

Beth Gleaves. Paul Lewis. Eric Agency (PMRA) proposed guide-pesticide not yet registered by the
Maurer, Robert Rose, Do,uglas w.s. lines on pesticide labeling for pesEPA. More th_an 30% of a_II emer-

Sutherland, Dennis Szuhay, Steve ~ f€sistance management. This wagency exemption requests in the last
Tomasino and Sandy Zavolta. a voluntary initiative. Pest resis-five years were associated with con-
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trol failures due to pest resistanceides with different modes of actionous consideration to EPA. Resis-
to the alternative registered pestibecome available. The EPA willtance management plans were de-
cides. Frequently, the EPA is urgedontinue to develop criteria forveloped by the registrants and evalu-
to issue emergency exemptions fogranting emergency exemptionated by the EPA. Long-term resis-
two or more pesticides with differ-based on pest resistance consideiance management plans based on

ent modes of action in response tations. target pest biology and behavior,
existing resistant pest problems or refugia, dose deployment adequacy,
when a pest has a long history of PUBLIC HEARINGS ON monitoring and reporting were con-
resistance development. These ex- RESISTANCE ditional for Bt-corn and Bt-cotton
emptions seek to prevent pest resis- MANAGEMENT registration.

tance to pesticides before they are CONSIDERATIONS FOR A subpanel from the OPP Sci-
even registered. However under PLANT-PESTICIDES ence Advisory Panel (SAP) re-
Section 18 guidelines, EPA can only viewed the pesticide resistance

grant an emergency exemption Recent attention has focused oflanagement plan for Bt-potato in
based on resistance when 1) peg{e potential development of resisMarch 1995. No additional require-
resistance to the registereqynce to thé-endotoxins oBacil- MEeNts concerning resistance man-
alternative(s) has already develys thuringiensis(Bt) genetically- @gement were necessary for the Bt-
oped, 2) a pest control emergenc¥ngineered into plants (BtPOtato registration. SAP recom-
exists, 3) the currently registereqransgenic plants). The EPA callgnénded that monitoring for resis-
pesticides are ineffective, and 4) gese pesticides “plant-pesticidestance and dialogue with EPA con-
significant economic loss is eX-There are other plant-pesticides thdthue and that the registrant update
pected. do not involve the insertion of Bt  the resistance management plan as
In November of 1996, a stakegndotoxins. However, pesticidafdditional information became
holder meeting was held in Washpoteins in Bt plant-pesticides (like@vailable. The SAP subpanel rec-
ington D.C. to consider revisions tqne Cry| 8-endotoxins) are also@mmended that seven elements,
the Section 18 regulations, includyigely used in a variety of Bt foliar identified by the EPA, be consid-
ing these emergency exemptiongprays applied to many crops. Thu€red while updating the resistance
based on pest resistance managgest resistance to Bt plant-pesticide®@nagement plan. These elements
ment. At this meeting, the EPAcqy|d also affect the efficacy of thevere: (1) knowledge of pest biol-

decided to revise its Section 18 foliar sprays. Therefore, indus-29Y and ecology, (2) appropriate

policy to allow emergency exemp+yy academia, government, use@ene deployment strategy, (3) ap-
tions for two or more requested pesgroups and environmental group®ropriate refugia (primarily for in-

ticides (with different modes of ac-pgjieve that the protection of BtSecticides), (4) monitoring and re-
tion) for resistance managemenfansgenic plants is important andorting incidents of pesticide resis-
based on strict criteria. These crighat resistance management is criti@nce development, (5) employment
teria must demonstrate a potentigly|. of IPM, (6) communication and
for pesticide failure and subsequent gjnce May 1995, EPA has con£ducational strategies on product
significant economic loss as a digjtionally registered several Btuse and (7) development of alterna-
rect result of pest resistance. Thgjant-pesticides including: (1) Bt-tive modes of action.
EPA seeks to eliminate unfoundeghotato (Bt Cry IlIAS-endotoxin)to ~ Today, questions continue to
claims of resistance problems andontrol Colorado potato beetle, (2prise about the adequacy of these re-
limit emergency exemptions 1o thegt-corn (Bt CrylA(b) and CrylA(c) Sistance management plans for Bt-
most serious situations associateg endotoxins) to control EuropearPotato, Bt-corn, and Bt-cotton. This
with resistance. corn borer, and (3) Bt-cotton (BtPast summer, Bt-cotton failures
Clarity in EPA’s guidance and cyy |A(c) &-endotoxin) to control (Bollgard cotton) associated with
regulations for issuing emergencyink pollworm, cotton bollworm cotton bollworm resistance were
exemptions should reduce the numynd tobacco budworm. There aréeported. Evidence collected by in-
ber and frequency of Section 18&egyera| different Bt-corn registra-dustry, academia, and government
emergency exemptions consideregons held by different companies@dencies (EPA and USDA) show
and issued. Further reductions argor || of these Bt plant-pesticidesthat these reports were unsubstanti-
anticipated as the number of pestiesistance management was a sedfed. High bollworm infestations,
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rather than resistance, led somments and decide on appropriatage pest populations. The EPA sup-
growers to spray insecticides oractions. If necessary, SAP membergorts the efforts of registrants,

their fields planted in Bollgard cot-will meet in Fall of 1997 to evalu- academia, crop consultants, USDA
ton. Nevertheless, EPA did holdate specific data needs for updatingesearchers and extension agents,
two public hearings (Washingtonthe long-term resistance manageand pesticide users to promote pes-
D.C., March 1997 and College Stament strategies for Bt-corn and Btticide resistance management

tion, TX, May 1997) to reevaluatecotton. through development of pesticide
the registration requirements for re- resistance management plans, ap-
sistance management, particularly GOALS propriate pesticide labeling and edu-
for Bt plant-pesticides. Four issues cation programs. The EPA will not

were discussed: (1) the requirement |t js good public policy to man- allow this focus on pesticide resis-
for resistance management plangge pesticide use to minimize théance management to overly burden
(2) scientific needs for resistancejevelopment of pesticide resistancéf the regulated community, jeop-
management plans, (3) the use dffective pesticide resistance manardize the registration of reduced
“public good” criteria for the re- agement can reduce the total bufisk pesticides, or exclude conven-
guirement of resistance manageden on the environment and reductonal pesticides that contribute to
ment plans, and (4) the performancghe overall human and ecologicathe overall concept of integrated
of Bt-cotton. Full transcripts of bothexposure to pesticides. Effectivddest management. The EPA con-
public hearings including commentsesticide resistance managemetifiues to evaluate and refine the role
from industry, academia, USDAll prolong the availability and ef- that pest resistance management has
researchers, users, and environmefectiveness of pesticides and proln pesticide regulatory decisions.

tal groups are available to the pubyide growers access to a wider se-
lic. EPA will evaluate these com-|ection of pest control tools to man- REFERENCES

Lewis, P.l. & S.R. Matten. 1995. Consider-
ation and Management of Pesticide Re-

sistance by the U.S. Environmental Pro-
Tecion ﬂgency. oSN pest Manage-

. ment. 7: 10-13.
Resistance Around the Globe

Barnyardgrass G_rass species i_n the gen_uef action for latter herbicides are
Echinochloa crus- a”) Echinochloaare serious pests inunknown. Plants treated with
( g agriculture throughout the worldthiobencarb display symptoms dis-

Resistance to Both and two species are considered thénguishable from plants treated
Butachlor and third and fourth most serious weedsvith butachlor, and thus different
Thiobencarb in China in the world (Holmet al. 1977, sites of action are proposed for these

Holm et al. 1979). They are espe-herbicides.
cially competitive in rice where her-  Despite the long history of her-

Bing-qui Huang bicide applications are economicabicide use in riceEchinochloare-
Department of Plant Protection even for growers among the develsistance to herbicides is a recent
South China Agricultural University oping countries (Ampong-Nyarkophenomenon (Gressel & Baltazar
gﬁ?‘”gzmuv 510642 & De Datta 1991, Labradat al. 1997). All three groups of herbi-
na 1994). The following herbicides arecides used to contrdtchinochloa
Jonathan Gressel frequently applied for the selectivehave been extensively applied to
Department of Plant Genetics control of Echinochloaspecies in rice for over 20 years. These herbi-
Weizmann Institute of Science rice: 1) the photosystem ll-inhibit-cides are not prone to rapid resis-

Rehovot, 76100

Israsl ing amide herbicide — propanil, 2tance evolution. However,

the chloroacetamide herbicide -Echinochloahas evolved resistance
butachlor, and 3) the thiocarbamatéo atrazine at the target site, as well
herbicide - thiobencarb. The sitess resistance that is clearly not at the
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70 ) pathway in rice, so selectivity be-
2.5 mg/1 butachler on Echinacioa tween rice and the weed remains

so k- (Valverde 1996).
n In the mid 1970’s, China began
to rely on widespread applications
50 | of herbicides in rice. Each year, the

area treated with herbicides in-
creases by about 20%. About ten
herbicides are marketed in China
and two are commonly applied for
weed control in rice. Butachlor and
- thiobencarb have been applied to
rice grown in northeast China for
over ten years, while butachlor has
been applied in the central and
southern China for over 15 years.
C We documentedechinochloa
crus-galliresistance to butachlor in
1993 (Figure 1). The magnitude of
Sincle Jouth weed resistance in each population
m,;'gmg was a functl_on pf exposure to her-
bicide applications (Figure 2A).
Figure 1. Appearance oEchinochloa crus-gallresistant to butachlor. The magnitudeg,ch “creeping resistance” (Gressel

of resistance is a function of both the total number of treatments as well as the numR@rgS is indicative of. but not proof
of treatments per year (Huang & Lin 1993). ) ! p

L]

R YWY YRR
N R e
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e

percent growih inhibition
&

PR )

c

no previous use
3- 5 y butachlor

e
(=]
|

3 - 5 y banachlor

B- 10y butachlor -

MNorth

for, a polygenic or other incremen-
direct target (Gressdt al. 1982). 1994) and Costa Rica (Lea&h al. tal genetic control mechanism
Presumably propanil affects thel994). This resistance is associate@ressekt al. 1996). Furthermore,
same target site but selection presvith elevated levels of herbicide-these butachlor-resistant popula-
sure is not as strong as atrazineegrading acyl amidase in resistartions of Echinochloawere also re-
Nevertheless, propanil resistanceveed biotypes and can be overcomsistant to thiobencarb (Figure 2B).
has evolved ifEchinochloaspp. in by amidase inhibitors (Valverde Itis unclear whether thiobencarb
Greece (Giannopolitis & Vassiliou1996). Interestingly, these inhibi-resistance in Figire 2 is cross resis-
1989), Columbia (Fischeet al. tors do not prevent the herbicideance due to a single mechanism, or
1993), U.S. (Baltazar & Smithdegradation by the same enzymatimultiple resistance due to sequen-

12

L Butachlor LC90 LC 90 ; ]10
= 10 R2=00931 Thiobencarb 0
—_ 2 = 8 <
cc% 8_ R 0.452 - §
+—= 16 0
cﬁ 6_ [ E ; E
Q 4 o ] 4 =
o L 1 (72)
2 E . B 812 &

0 1 1 1 f 1 1 1 0

0 1 2 0 1 2 3
Year

Figure 2. The effect of selection with butachlor on resistandéabfinochloapopulations to (A) butachlor and (B) thiobencarb.

Each symbol represents the same population over each year in both treatments. The populations were treated with thiobencarb or
butachlor prior to the period monitored. The resistance factors (R/S) are based o), thent.Grobit analysis of dose-response

curves. Inyear 0, the populations were not exposed to either herbicide. In years 1 to 3, the populations were expobéat to but

only (Huanget al. 1995a, Huangt al. 1995b).
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tial selections for different mecha- Table 1. Suppression of toxicity (butachlor and thiobencarb) by amide
nisms. These farmers treated their hydrolase and monooxygenase inhibitors. (Huahgl. 1994)
fields with either thiobencarb or

butachlor between 1980 and 1990, Herbicide Amide hydrolase Monooxygenase
but only with butachlor in the three ~ Herbicide inhibitor HCeo (MO LCeo (Mo
years illustrated in Figure 2. Still, ratio S R S R
most of the populations under recur- Butachi : 2 32 2.59 NA NA
rent butachlor selection were co-re- —oachor alone ' '

sistant to thiobencarb. Different 101 1.86 2.85 NA NA
biochemical mechanisms were as-

sociated with these resistances as in- 11 131 178 NA NA
dicated by the inhibitor studies. The

resistance due to butachlor was Thjobencarb  alone 322 544 162 214
overcome by a proprietary amide

hydrolase inhibitor, whereas the re- 101 334 531 NA NA
sistance to thiobencarb was inhib- 13 NA NA 205 1.60

ited by diethylthiophosphophenol
(SV-1) (Table 1). This suggests that 15 NA NA 1.39 1.71
selective synergists will suppress re-
sistance in the weed without affect-
ing rice (Gressel 1990). These syn-
ergists may allow farmers to con-
tinue controlling resistant
Echinochloawith these two herbi- Rev. Weed Sci. 5: 49-82. nese, English abstract). J. South China
id Gressel, J. 1995. Creeping resistances: The Agric. Univ. 14: 103-108.
cldes. . . outcome of using marginally effective orHuang, B.-Q., S.-X. Lin, Z. Xiao & Y.-P.
These herbicide-resistant reduced rates of herbicides. Brighton Luo. 1994. Studies on the resistance
Echinochloa crus-gallibiotypes  Crop Protection Conf.—Weeds. Pp. 587- mechanism of barnyardgrass to butachlor
cover an estimated 2 m”“on hect_ 590. & benthiocarb (|n Chinese, Engllsh ab-
: : . Gressel, J. & A. Baltazar. 1997. Herbicide stract). J. Weed Science 8(2):1-5.
are,s of th_e rice growing al‘eoa In resistance in rice: Status, causes, and preluang, B.-Q., S.-X. Lin & Z. Xiao. 1995a.
China. This represgnts only 6% _Of vention.In Weed Management in Rice  The present situation of resistance of
the total area of rice planted in (B. A. Auld & K.-U. Kim eds.). FAO, barnyardgrass to butachlor in the rice
China, but the area affected is bound Rome (in press). planting areas in China (in Chinese, En-
to increase as these herbicides Coﬁ-}_ressel, J., H.U. Ammon, H. Fogelfors, J. glish abstract). Acta Phytophylacica

i tob lied fit Gasquez, Q.O.N. Kay & H. Kees. 1982.  Sinica 22: 281-286.
Inue to be applied year arter year. Discovery and distribution of herbicide- Huang, B.-Q., Z. Xiao & S.-X. Lin. 1995b.

resistant weeds outside North Amelica The present situation of resistance of

The amide hydrolase inhibitor is proprietary and the monooxygenase inhibitor
was diethytthiophosphophenol.
NA = Not available.
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susceptible (S) clones (R2 > R1 > S). MATERIALS & METHODS

Biological Significance, . Muchattentionhasbeengivento oo o induction, crosses,
insecticide resistance in the green-

Genetic Mechanism, and bug, biotype formation and, moreand handling of eggs and hatched

. ) ; . .._nymphs were performed as de-
Potential of Esterase recently, inheritance of specific . - by Puterka & Peters (1995).

Mediated |n3ec;i0ide ggzrzg:;;]su:‘:)r \\;\I/ri?rllet?éek;go\;vaqg;ndividual crosses were made with
Resistance in the '

; a single male and five oviparae
breeding protocol developed bye Jaying females). Esterase de-
Greenbug Puterka & Slosser (1983, 1986), i{ gg-laying :

is possible to screen for and iOIen_ermlnat|on of field-collected green-

. : bug clones, the sexual morphs de-
tify virulent genotypes not yet .
Department of Entomology known to exist in the field (Ullah rived from those clones, and any
Kansas State University i i
Manhattan, KS 66502 1993). This protocol also a”OWSsubsequent progeny resulting from

. crosses with those clones was con-
United States researchers to create and test neéiv , . .
ucted with native polyacrylamide

genotypes for insecticide resistance . .

The greenbug, Schizaphis before these genotypes appear int el electrophoresis as descnbe(_j by
graminum (Rondani)(Homoptera: field. ufranet al. (1996). Genomic
Aphididae), has long been a pest of Drawing on the resistanceDNA was isolated from greenbugs
small grains. The greenbug popumechanisms observed in bahlex as described by Jowett (1986), then
lation in the United States is a compipiens (Diptera) andMyzus used for Southern blots (Southern
posite of many genotypes. Someersicae(Sulzer) (Homoptera), we 1975) anql dot blots. Blots were
individuals are capable of thrivingsuspected that gene ampliﬁcatim?robed with an E4 esterase gene
on many crop cultivars, includingmay underlie esterase-mediated inyagment from the aph!d/lyzus
those once resistant to this pest, argkcticide resistance (Fiekt al. persicae (Sulzer) (F'e.ld. &
some individuals are resistant to in1988, Mouchest al. 1990) in Devonshire 1992). Insecticide re-
secticides once applied to controgreenbug. Typically, the ampliconS'Stance assays were conducted on
them. Management practices utilizés inherited as a single dominangreenbt:gbc_:lones with adsurfa%e-(rjeks)l-
natural enemies of the greenbug, agene (Takada 1978, Blackmetral. Sl;efwa |ciassay as descrnibed by
well as greenbug-resistant crop cul1996, Ferrari & Georghiou 1991).> ™ ranet al. (1996).
tivars, and chemical insecticidesin the peach-potato aphitM.
Thus, a basic understanding opersicag, the expression of these RESULTS & DISCUSSION
greenbug biology will improve esterase genes is due to DNA me- Fecundity and sexual morph
management strategies for this peshylation (Field & Devonshire production
species. 1992). The reproductive potential for the

Recent studies have elucidated To further our understanding oftwo phenotypes (R1, R2) of insec-
the mechanism of organophosphati@secticide resistance in the greerficide-resistant greenbugs was com-
(OP) resistance in greenbugs. Thisug, several studies were undefared to susceptible (S) greenbugs.
involves both detoxification of thetaken to determine the biologicalSeveral clones (collected from
insecticide by esterases and targefgnificance, the potential developColorado, Kansas, and Texas) were
site insensitivity (Seigfried & Ono ment of new resistant genotypeg',nduced into the sexual phase (when
1993). Two elevated esterase patnd the underlying genetic mechapPossible) and inbred or outcrossed
terns (R1 and R2) from individualnism of insecticide resistance in thid0 S clones. Most R2 clones could
OP-resistant greenbugs have beeapecies. Insecticide resistant an8ot be induced into the sexual cycle.
identified on electrophoretic gelssusceptible greenbugs were exanfnly oviparae produced from these
and each resistant insect had one ¢hed for their ability to enter theclones entered the sexual phase.
evated esterase, but not both (Wildeexual phase, their fecunditySeven of ten S clones, five of ten
et al. 1994). These esterase polythrough the sexual phase, the inheR1 clones, and six of thirty R2
morphisms have been characterizeithnce of insecticide resistance, anflones entered the sexual cycle.
by Shufraret al.(1996) and associ- the genetic mechanism of insectiGreenbug clones from the S, R1,
ated with certain levels of insecti-cide resistance at the moleculagnd R2, were induced into the
cide resistance when compared tevel. sexual cycle and inbred or crossbred

S. Dean Rider, Jr.
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to determine their reproductive cament length polymorphism (RFLP) f;;ﬁ;?g;;'_“ﬂ'yezésdfsg??%iﬂ%p?téra:
pacity. Crosses with susceptiblend contained a two-fold amplifi- rerrari, 3.A. & G.P. Georghiou. 1991. Quan-
females averaged the highest nuntation in an esterase that was asso- titative genetic variation of esterase ac-
ber of eggs per cross, followed byiated with resistance irV. tivity associated with a gene amplifica-
R1 females, and then by R2 femalepersicae Meanwhile, the R2 aphids gg‘ é%g‘;'?’z‘ quinquefasciatusieredity
This study substantiates that fecurshowed no RFLP or evidence thagieiq | . AL Devonshire & B.G. Forde.
dity in the greenbug is variable anchn amplified esterase gene similar 1988. Molecular evidence that insecti-
suggests that insecticide resistande that inM. persicaewas present.  cide resistance in peach-potato aphids
may have an effect on the holocycl@hus, it appears that the R1 and R2 (Myzus persicadulz.) resuits from am-
that results in reduced capacity foelevated esterases are the result of g?'gﬁz'ogogf_gffgerase gene. Biochem.
sexual reproduction. unrelated genes, and/or mechasigly. .M. & A.L. Devonshire. 1992. Es-
nisms. The R1 related gene se- terase genes conferring insecticide resis-
Inheritance and molecular quences are methylated differently tance in aphidén Molecular Mechanisms

enetic mechanism in the resistant and susceptible ©f Insecticide Resistance Diversity
9 P Among Insects., C. A. Mullin & J. G.

The genetics of organophosphatelones. The exact role of DNA  gqq4 (editors). American Chemical So-

resistance including the underlyingnethylation in the greenbug is cur- ciety. washington, D. C.
genetic mechanism and the mode dgntly unknown, but it is Iikely that Jowett, T. 1986. Preparation of nucleic ac-

; . . . . NA methvlation promotes gene ids.In Drosophila: A practical approach.
inheritance was investigated in thé y P 9 D. B. Roberts, Ed. IRL Press, Oxford..

greenbug. Resistant greenbugs witBxpression. Pp. 275-286.
the R1 and R2 esterase pattern and Mouches, C., Y. Pauplin, M. Agarwal, L.
S greenbugs were induced into the Resistance in the R3 genotype Lemieux, M. Herzog, M. Abadon, V.
sexual cycle, sib-mated and recip- The R3 greenbug clone, created Beyssat-Amaouty, O. Hyrien, B.R. de
I d to det . theh hlab t b di . Saint Vincent, G.P. Georghiou & N. Pas-
rocally crossed to determine rough laboratory breeding experi- - 1990, Characterization of amplifi-
pattern of inheritance of esterasements between R1 and R2 insecti- cation core and esterase B1 gene respon-
mediated insecticide resistancecide-resistant clones, has not been sible for insecticide resistance Gulex.
Examination of the esterase profilesiscovered in the field. The re- ;;‘;CS Natnl. Acad. Sci. USA 87: 2574-
of the sexugl morphs producedponse of the R3 clone to parathloButerka, G.1. &D.C. Peters. 1995. Genetics
showed no differences between thand carbofuran was compared_ t0'S, of greenbug (Homoptera: Aphididae)
sexual morphs and the parthendR1, and R2 greenbug clones with an virulence to resistance in sorghum. J.
genic clones from which they origi-insecticide residue vial bioassay. Econ. Entomol. 88: 421-429. _
nated. R1 males, in particular, didAll three resistant clones (R1, R2Puterka, G.J. & J.E. Slosser. 1983. Inducing
t segregate into susceptible andnd R3) were significantly more oviparae and males of biotype C green-
no_ greg p . g . y bug, Schizaphis graminunfRondani).
resistant esterase types as would besistant to parathion than the S southwest. Entomol. 8: 268-272.
expected for a sex-linked trait, thulone. The R2 and R3 clones wereuterka, G.J. & J.E. Slosser. 1986. Influence
the R1 resistance gene lies on asignificantly more resistant to par- ©f L‘_OSt ﬁfﬁd temperature C(’j“ greenbug,
autosome. Both resistances associthion than the R1 clone, but no sig- >chizaphis graminurgRondani), egg
. L. . hatch. Southwest. Entomol. 11: 75-81.
gted esterases in the greenbug angficant differences occurred be-ggigfried, B.D. & M. Ono. 1993. Mecha-
inherited in a simple Mendeliantween the R2 and R3 clones. NO nisms of parathion resistance in the green-
fashion as single dominant genesignificant differences were found bug Schizaphis graminurRondani).
Double heterozygotes, produced immong the clones when exposed to Pesticide Biochem. and Physiol. 45: 24-
the F1 generation in crosses beearbofure_m, indicating little or no Shufran, RA., G.E. Wilde & P.E. Sloderbeck.
tween R2 and R1 insects were degross resistance. Therefore, control 1996. Description of three isozyme poly-
ignated pattern 3 (R3). DNA frommeasures effective against R2 in- morphisms associated with insecticide
S, R1, R2, and R3 clones of theects should be effective against R3 resistance in greenbug (Homoptera:

. : : : Aphididae) populations. J. Econ.
greenbug was used for Southern aridsects, if they are discovered in the Entomol. 89: 46.50.

dot b_lo_t hybri_dizations- Blots \_’V?reﬁeld- Southern, E.M. 1975. Detection of specific
hybridized with a probe containing sequences among DNA fragments sepa-
a portion of an esterase gene from REFERENCES rated by gel electrophoresis. J. Mol. Biol.

the peach-potato aphicMyzus Blackman, R.L., J.M. Spence, L.M. Field, N. ~ 98: 503-517.

. Javed, G.J. Devine & A.L. Devonshire.Takada, H. 1978. Esterase variation in Japa-
pers_lcae_ DNA from Rl_ ajnd R3 1996. Inheritance of the amplified es- nese populations dflyzus persicae
aphids displayed a restriction frag- terase genes responsible for insecticide (Sulzer) (Homoptera: Aphididae), with
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special reference to resistance to
organophosphorous insecticides. Appl.
Ent. Zool. 14: 245-255.

Ullah, F. 1993. Genetic diversity of green-
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bugs,Schizaphis graminuifiRondani) in - Wilde, G., R. Shufran & R. Bowling. 1994.
sexual reproduction and virulence to host Insecticide resistance among biotype |

plants. Ph.D. Dissertation. Oklahoma greenbugs (Homoptera: Aphididae). J.
State Univ. 106 pp. Kans. Entomol. Soc. 66: 453-454.

the largest cotton production area iwish to avoid a repeat of the
China. A number of pests specieShandong situation by learning
are associated with cotton in thifrom the experience and properly
area including the cotton aphidnanaging the use of pesticides to
(Aphid gossipii, cotton spider mite control pests and avoid resistance
(Tetranychus cinnabarinjiscotton development in Xinjiang. This
bollworm (Helicoverpa armigerp could prove important to the future
and another specie&gyrthosiphon of cotton production in China.
gossippii The cotton aphid is the From 1995 to 1996, we moni-
most serious pest. In recent year$pred aphid resistance and field ef-
many pesticide companies and fadicacy of twenty pesticides. The
tories in China and abroad havéesults were compared between
gathered in Xinjiang, an importantXinjiang and Shandong. Prelimi-
pesticide market. nary studies found cotton aphids
During the 1980's, acreage wadrom Xinjiang to be resistant to
first planted in Shandong, an aresome pesticides.
now dominated by cotton aphid and In this report, we will examine
bollworm populations with ex- the response of cotton aphid from

In 1997, over 2 million hectarestremely high levels of pesticide re-Xinjiang and Shandong to eight

of cotton were planted in Xinjiang,

sistance — the highest in China. Weajor insecticides.

Table 1. Comparison the cotton aphid resistance level between Xinjiang and Shandong strains.

LD50 (ug/head) +/- Ratios*
. - Shandong -
Pesticide Chlng Xinjiang Base line Sh_andong Shandong  Xinjiang Shand(_)ng Sh_andong Shandong
Treatment Base line  (1996) (1980) Highest (1996) 1996 Base ine Highest (1996)
. 0.41230
Deltamethrin 0.000025 0.01917  0.000011 (1988) 0.045889 766.8 0.4 16,492.0 1,835.6
Fenvalerate 0.000383 2.510013 o.ooozsf'(ggg'g 0.057890 6553.5 0.7 1,901.2 151.1
3.5158
Monocrotophos 0.0017 0.2428 0.0017 (1988) 0.3216 142.8 1.0 2,068.1 189.2
. 6.2791
Parathion 0.0211 0.8261 0.0211 (1986) 0.6073 39.1 14.0 297.6 28.8
5.5020
Omethoate 0.0042 0.0426 0.0042 (1988) 0.3189 10.1 1.0 1,310.0 75.9
0.1375
Methomyl 0.00469 0.017926  0.00469 (1991) 0.0178 3.8 1.0 29.3 34
Aldicarb 0.0100 0.0573 0.0105 0.0394 0.0220 5.7 1.0 3.9 2.2
(1984)
Imidacloprid NA 0.077929 NA NA 0.056421 NA NA NA 14

*Ratio = LD, sample populatior/ LD China Base line

NA = Not available
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MATERIALS & METHODS were carried out at the same farmfenvalerate and parathion were not

The resistance level (L) in as effective.
each aphid population was mea-RESULTS & DISCUSSION The results indicated that the

sured with the topica| app”cation ngh levels of deltamethrin rESiS-Shandong aphld pOPUIationS_were
method assay recommended bsanCe was detected in cotton aph|d§0t Only reSIIStant to most peStIC!deS
FAO (1980). The field efficacy of from Xinjiang (766-fold) and but that resistance I(_e\{gls sometimes
these eight insecticides were obShandong (1,835-fold), the highesexceeded that of Xinjiang, an area
served over one week at a field sitevel was detected in Shandong iRf extremely high resistance levels.
in Shihenzhi, Xinjiang, 1096. 1988 (16,492-fold) (Table 1). Cot-We face a serious problem in pre-

The response of cotton aphid téon aphids from Xinjiang showedVventing further reS|stan§:e develop-
eight pesticides was bioassayednore resistance to fenvalerate thament. We mu_st qul_< with the_g(_)v-
These pesticides were deltamethri@ny other pesticide tested (6,554ernment, universities, pesticide
fenva|erate, monocrotophOS, partOld). AphIdS from Shandong alsocompanies and prOdU.Cel’S to prevent
athion, omethoate, methomylshowed resistance levels at 151-folan outbreak of resistant cotton
aldicarb and imidacloprid. Mostin 1996 and 1,901-fold in 1988.aphids in the Shandong area. In
products were technical grade maPeStiCide resistance t0198.2 and 1985, sever_al__reS|stant
terial. In the field, all products weremonocrotophos, parathion aphid outbreaks in the Xinjiang area
commercial formulations. We for-omethoate, and methomyl was dereduced output by 30%. Pyrethroids
mulated two pesticide mixturestected in aphids from Shandong. Were once effective pesticides for
(Fupei | and Fupei Il) and applied Table 2 shows thatimidadoprid,COtton pes.ts but now resistance in
them in the field efficacy trials.  0methoate, monocrotophos and theotton aphid and bollworm has ren-

All bioassays were performed orfwo Fupei formulations provided dered pyrethroids nearly worthless.
an aphid population collected at th&ood control of a cotton aphid popu- The causes of resistance have
Shihezhi Plant Protection Stationlation in the resistant-plaguedbeen explored for many years. The
Xinjiang. The field efficacy trials Xinjiang area. Deltamethrin, results are as follows:

Table 2. Field effect observations of cotton aphid to 8 pesticides in Shihenzhi, Xinjiang, 1996.

1st day 3rd day 7th day

. s . Average

Concentration Application  Initial Effect
Pesticide (ppm) Rate (g/ha) Density . Effect . Effect . Effect
Treatment Denstty %) Denstty %) Denstity %) (%)
Fupei | EC
25%) 166.7 1250 504 2 99.7 0 100.0 21 991  99.6
Fupei Il EC
25%) 166.7 1250 510 4 99.4 6 99.6 66 971 987
Imdacloprid 66.7 50.0 483 74 88.3 7 99.5 18 992 957
WP (10%) : : : : : :
Omethoate EC 66 6 2000 464 16 97.4 17 98.7 66 968  97.6
(40%)
Monocrotophos
EC (40%) 266.6 2000 482 33 94.8 55 95.9 252 884 930
Deltamethrin
EC (2.5%) 16.7 125 508 12 98.2 176 875 828 639 832
Parathion EC 333.3 250.0 499 262  59.9 193 861 913 594 685
(50%)
Fenvalerate EC 445 4 1000 514 486 277 1008 295 2432 49 174

(20%)

Check Water 0 516 675 0 1435 0 2328 0 0
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-If we continuously apply one monocrotophos or omethoateNearly 3 million tons of technical
type of pesticide at high concentraCross resistance was indicated benmethomyl was used in Shandong to
tions, high frequency and over aween monocrotophos and aldicarleontrol cotton pests with serious re-
large area for many years, widebut monocrotophos did not showsistance problem. Due to the aphid
spread pest resistance will developross resistance to pyrethroid. Weross resistance between aldicarb
quickly. observed that aphids with cross reand monocrotophos, the efficacy of

-At present, cotton-aphid crosssistance to monocrotophos analdicarb was quickly reduced in
resistance has occurred to all pyreggayrethroids were most susceptiblXinjiang. In Shandong, aldicarb
throid pesticides. However, bothto omethoate. Due to this negativevas applied to control the cotton
cotton aphid and bollworm are mostross resistance relationship, resigphid for only three years, from
resistant to fenvalerate, a leadingance to omethoate is less than othd982 to 1984.
cotton pesticide in China. pesticides in Xinjiang now. How- Imidacloprid was first used to

-Our results indicate that cottorever, the increase in omethoate agontrol cotton pests after 1990.
aphid and bollworm resistant toplied in cotton is bound to be fol-Base line susceptibility of the cot-
fenvalerate are cross resistant tmwed by the decreasing efficacy oton aphid has not been established
parathion. Parathion, an organoemethoate, but perhaps increase thyet. The field efficacy is better than
phosphate, has been used to contrelisceptibility of the cotton aphid toother pesticides, but use of
cotton pests for 41 years. Thespyrethroids. Exploitation of nega-imidacloprid is limited by product
fenvalerate-resistant populationgive cross resistance may be a wagosts. Nevertheless, we plan to ex-
were initially exposed to parathionto manage aphid resistance, but @amine the cross resistance of
It is likely that resistance to par-must be done on a wide-spread areaidacloprid with other pesticides.
athion quickly led to cross resistancéor many years We are convinced from our re-
to fenvalerate and other pyrethroids. -We also examined the cross-research that the best approach to con-

-We examined the cross resissistance of cotton aphid to two cartrol resistant cotton aphids is to al-
tance in the cotton aphid to thredamate pesticides (methomyl antkernate pesticide mixtures. Based
major organophosphorus pesticidesldicarb) and imidacloprid. on cross resistant cotton aphids, we
- parathion, monocrotophos and The methomyl resistant aphiddesigned two pesticide mixtures
omethoate. showed negative cross resistance {gupei | and Il) to control cotton

Bioassays indicated thatmonocrotophos and pyrethroids, buaphids in the field. In 1996, they
parathion resistant aphids showeils efficacy has been closely relatedaired better than imidacloprid
cross resistance to fenvalerate, bwd resistant degrees of other pest{Table 2), the most effective pesti-
did not show resistance tocides over the past eleven yeargide in Xinjiang.

Fitness of an Insecticide- phosphorodithioate insecticide haé\s a result, augmentative releases

Resistant Parasitic Wasp lead to significant levels of of parasitic wasps in the stored-grain
malathion resistance in beneficiaecosystem is necessary. When para-

J.E. Baker, R.W. Beeman & J.E. Throne insects as well as insect pests igitoids carrying a desirable gene for

GMPRC, USDA-ARS stored grains. Insecticide resistancéasecticide resistance are used in
1515 College Avenue in a pest species is the direct causgigmentative release programs, we
vanhatian, KS 66502 of many control failures. In con-want to know the stability of that
trast, insecticide resistance in berresistance gene when the released
J. Perez-Mendoza eficial species is a desirable trait thaand resident parasitoids interbreed.
Department of Entomology can allow beneficials to be inte-Resistance stability in the wasp
I\K/Izr;;zstt:;atﬁ: ”é\ézrg‘gy grated with chemical control tech-population is critical if resistance
United States nologies in pest management prosonfers fitness disadvantages in the
grams. absence of pesticide selection pres-

Malathion has been used exten- The amount of natural controlsure.
sively as a chemical protectant otthat beneficial species exert on in- We measured several fitness pa-
stored grain since the late 1950’ssect pests in stored grain is difficulrameters in two strains of
Widespread use of thisto measure and likely to be sporadidAnisopteromalus  calandrae
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(Howard), a pteromalid wasp thadf = 9,210; p <0.01). However, the Changes in the frequency of the
parasitize rice weevilsSitophilus GLM analysis revealed a significantR allele were followed with Hardy-
oryzae(L.), in wheat. The resis- strain effect (F = 2.03; df = 1,210; pWeinberg equations for six genera-
tant (R) strain ofA. calandraeis = 0.16) and strain x parent femalgions in the absence of selection.
more than 2,500-fold resistant taage interaction (F = 1.01; df =9,210Based on the initial ratio of female
malathion compared with the susp = 0.43). GLM analysis of arcsin-and male genotypes, and assuming
ceptible (S) strain. transformed proportion femalesrandom mating among genotypes as
weighted by number of progenywell as a stable allele frequency, the
Development time, Fecundity, produced showed that sex ratio oéxpected mortality of Females and
and Progeny sex ratio progeny did not change as a funamales was 25% and 50%, respec-
The fitness parameters for S antion of parent female age (F = 0.48tively. In experiment 1, the initial
R strains ofA. calandraewere df =9, 164; p = 0.89) or strain (F =mortality for both female and male
compared in five separate studies3.82; df =1,21; p = 0.06) or strain xprogeny significantly exceeded
In the first study, male progenyparent female age interaction (F these values, but stabilized after 2
from both strains had a signifi-0.45; df = 9,164; p = 0.91). to 3 generations. In this experiment,
cantly shorter development time We also examined the effect oimortality of female progeny in-
(ca. one day) compared to femal80st density on parasitoid successreased from 50% to 65% and re-
progeny. GLM analysis showed nolhe mean number of progeny promained stable at about 65%. Mor-
significant difference in mean de-duced by individual parent femaledality of male progeny was approxi-
velopment time (data weighted byin both strains oA. calandraewas mately 75% to 80% throughout the
number of progeny produced) ag function of host density (F = 87.0sstudy. In experiment 2, mortality
25°C and 75% RH between the twélf = 2,53; p <0.01). However, thereof F, female progeny (28.7%) was
strains (F = 0.56; df = 1,57; p =was no significant difference be-not significantly different from ex-
0.46) for either sex (F = 68.9; df =tween progeny production of the $ected. However, mortality of fe-
1,57; p < 0.01) or strain x sex inAnd R strains at any density (F @male progeny increased to approxi-
teraction (F = 0.93; df = 1,57; p =1.45; df = 1,53; p = 0.23) or hostmately 50% in the f-then remained
0.34). Also, there were no signifi-density x strain interaction (F =stable for the duration of the study.
cant differences in number of prog.o.82; df = 2,53; p = 0.45). GLM Mortality of male progeny fluctu-
eny produced between straing@nalysis of arcsin-transformed perated throughout the'2experiment,
(Box-Cox transformed data) (F =centage parasitization weighted byut generally was similar to that of
0.41; df = 1,56; p = 0.53), sex (F =number of weevils + number ofmale progeny in the’lexperiment.
204.4; df = 1,56; p < 0.01) or strainparasitoids emerged showed that In a final study on the stability
x sex interaction (F = 3.26; df =percentage parasitization did noof the R allele, virgin hybrid SR fe-
1,56; p = 0.08), progeny sex ratig’/ary with either host density (F =males were mated to S males to ini-
(proportion females arcsin trans0.10; df = 2,53; p = 0.90) or straintiate a parasitoid population. Mor-
formed and weighted by number ofF = 0.99; df = 1,53; p = 0.33) ortality among female and male prog-
progeny produced) (F = 4.03; df =host density x strain interaction (Feny was not significantly different
1,27; p = 0.055), or percentage 0.40; df = 2,53; p = 0.67). GLM from expected over two generations
parasitization (arcsin transformedpnalysis of arcsin-transformed probased on Chi-square analysis.
of host larvae (F = 0.14; df = 1,28;portion females weighted by num- In summary, there were no sig-
p = 0.71) between the two strainsber of progeny produced showeaificant differences between strains
In the second study, 4- to 5-daythat sex ratio did vary with densityin development time, progeny pro-
old females from both strainsaf (F=9.9;df=2,53; p <0.01). Thereduction, progeny sex ratio (except
calandraeproduced the most prog-was not a significant strain effect orin the density study), or parasitiza-
eny. Average daily numbers of fesex ratio (F = 1.20; df = 1,53; p =tion effectiveness. In R/S allele
male progeny produced were 10.6-28) but there was a significantompetition tests, we detected no
+2.2 atday 4 and 8.1 + 3.7 at day 5train x density interaction (F =significant fitness advantage of one
inthe S and R strains, respectivelyp-15; df = 2,53; p < 0.01). The Sallele over another. Shifts in allele
There was a significant effect bestrain produced a higher proportiofrequencies confined to a single
tween parent female age and nun®f female progeny at the highesgeneration were attributed to genetic

bers of progeny produced (F = 8.54density. drift, not fitness selection.



14 ResISTANT PEsT MANAGEMENT Vol. 9, no. 1

It is apparent that even in the abecosystem with parasitoids lackingable to overcome any minor fitness
sence of a selecting insecticide, ththe R allele. Even if this were notdisadvantage that the released para-
R strain ofA. calandraecan com- the case, multiple releases of parasitoid might have relative to the resi-
pete successfully in the stored graisitoids with a desirable trait may bedent parasitoid population.

E Monitori ¢ ent countries of the world, exceptand strains recently collected from
rom Moni O_”ng 0 Spain. This paper reports orPakistan (PAK), the Netherlands
Implementation: A baseline and cross resistance stuNED-3), USA (CAL-1) and from
Stepwise Approach to ies for B. tabacj field monitoring the Almerian region of southern
; for B. tabacisusceptibility to Spain (ALM-2 and LMPA-2)
Resistance Management imidacloprid in Almeria, Spain, and(Table 1). Polyacrylamide gel elec-

with Imidacloprid proposes general directives for retrophoresis (PAGE) identified the
Alfred Elbert. Matthew Cahill. Ralf sistance management. CAL-1 and NED-3 strains as B-
Nauen & Robert Steffens types. Howgver, thg PAGE patf[ern
Bayer AG METHODS of the Spanish strains were unique
Geschaftsbereich Pflanzenschutz Insects to that area, as were the PAGE pat-
et v ATerinvesigatingseveral estable1 Of e Palistant stvans. Sot
Alfred-NobelStrasse 50 lished and new bioassays, a Sy§_tra|ns may represent distinct bio-
40789 Monheim temic bioassay wher8emisia tYPes (Elberet al. 1996).
GERMANY tabaciis continuously exposed to
imidacloprid was selected for resis- RESULTS
INTRODUCTION tance monitoring. Fully expanded  Baseline/Cross resistance

Imidacloprid’s distinguishing cotton leaves were cut from the Bioassays with imidacloprid
feature is a distinct mode of actiorplant and the petiole immediatelycompared the response of a suscep-
compared to most conventional inimmersed into solutions of formu-tible strain ofB. tabaci(SUD-S) to
secticides. Therefore, it providedated imidacloprid over a range ofPAK and NED populations that
excellent control of contemporaryconcentrations. The leaves wergere multi-resistant to organophos-
multi-resistant pests such as whitekept immersed for 15 to 18 h. Thenphates, carbamates, pyrethroids and
flies, aphids, leafhoppers andliscs were cut from treated leavegndosulfan. Results from single
planthoppers, and Colorado potatplaced onto agar in petri dishes andioassays were consistent and
beetles. Cabhilet al (1996b) re- 20-30B. tabacifemales added. pooled on the basis of strain or geo-
cently published a survey of resisMortality was scored at 24 and 48 tgraphical origin to yield composite
tance inBemisia tabaci The sur- (Elbertet al. 1996). LC,s of 1.4 ppm imidacloprid for
vey did not detect any signs of re- A number of populations wereSUD-S and 1.8 ppm for PAK (Table
duced susceptibility to imidaclopridtested including a susceptible labo2). To compare resistance factors
in B. tabacicollected from differ- ratory strain from Sudan (SUD-S)for each field population, a compos-
ite log-dose-response curve was es-
timated from the appropriate

Table 1. Origin and pesticide resistance history oBsmisia tabacstrains. . .
baseline data. This response curve

Strain Country of ~ Original .. OP PYR  Endosufan has a LG, of 1.7 ppm with a slope
Origin Host Resistance Resistance Resistance gf 1 4.
SUD-S Sudan cotton 1978 no no no These bioassay; show that the
_ _ _ resistance mechanisms among the
PAK Pakistan cotton 1992 high high moderate field strains did not confer cross re-

NED-3 Netherlands  gerbera 1992 high high moderateSistance to imidacloprid. Thus,
imidacloprid can serve as an excel-

ALM-2 Spai tomat 1994 high high high .
pan omao 9 9 9 lent tool for management of resis-

LMPA-2  Spain melon 1995 high moderate  not tested tant pest populations.

CAL-1 USA cotton 1995 high moderate high

Resistance Monitoring
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Special focus was given to south-  Table 2. Relative efficacy of imidacloprid agairBemisia tabacitsains
ern Spain, where imidacloprid has ~ SUD-S, PAK and NED-3.
been used commercially since 1992.

Intensive vegetable cropping areas  Strain LG, (ppm)  95% conf. imits ~ Slope  s.e.  no. of tests
were selected for resistance moni-

toring (in Almeria and Murcia). In SUD-S 1.4 (1.0-1.9) 1.2 0.07 4
Almeria, 19,000 ha of vegetables

are grown under plastic in two crop PAK 1.8 (1.4-2.3) 1.5 0.07 6
cycles per yeaB. tabaciresistance

to numerous |n§ect|C|des has Qevel- NED-3 30 (0.87-4.8) 1.7 0.37 1
oped and is widespread in this re-

glon. Alstrains 1.7 (1.5-2.1) 14 005 11

Figure 1 shows efficacy results
with imidacloprid, expressed as
LC,,values. The bioassay revealed _ _
ALM-2 as the least susceptible8 tq 17_days after_the second appli- Based on f[he described re_sults
strain to imidacloprid. However,cat'on in each trial perfomed be-and considering the IRAC guide-
the resulting resistance ratios werbveen 1988 and 1996. Efficacylines, priniciples for resistance man-
low and less than 5.0. This included@nged between 90 and 100 %agement of chloronicotinyls can be
a typical B-strain population from Even after consecutive applicationproposed. These guidelines are de-
California, CAL-1, and serves as thdn commercial field since 1992, asigned for insects with a high po-
susceptible strain with a respons@igh level of efficacy (93 to 99 %) tential for resistance development,
similar to SUD-S (Elbert & Nauen &S observed between 1994 anide. aphids, whiteflies, hoppers and
1996). The results for the SpanisIJrggG' No loss in efficacy of Colorado potato beetles.
strains contrasted with those pubi_midacloprid against the whitefB. 1. Long-term rotation acts
lished by Cahillet al. (1996a), tabaqi_was detected under typicalagainst.rapid selection of resistant
where high LCs ranged betweencond't'o_ns' _Nevertheless, a twopopulations. _

20 and 25. This discrepancy is atyear projectis underway with IACR 2. Use effective doses (full
tributed to different responses in th&Rothamsted to design a resistanaecommended rates) of each pesti-
reference strain, SUD-S, betweefl@nagement  strategy  forcide when applying tank mixtures.
the two laboratories. Both Bayerimidacloprid againsB. tabaciin 3. Season-long control should
and IACR Rothamsted are collaboSeuthern Spain. not be based on products represent-
ing one pesticide class with the same

rating closely to explain these ob- o ) :
served differences. Guidelines for resistance mode of action.

management with 4. Pesticide mixtures and ro-
Field performance in southern chloronicotinyls tations should include imidacloprid.
Spain
To investigate the reported

imidacloprid resistance situation in o —

Spain, efficacy trials of
imidacloprid onB. tabaciwas con-

ducted between 1988 and 1996 in 10 — |
the field. The results are summa- :

rized in Figure 2. Imidacloprid

(Confidor 200 SL) was applied to . '

field plots at a rate of 0.01 % a.i. SUD-8 ALM-2 LMPA-2 CAL1

Whitefly infestation pressure was 5 2 1 _E*
high at the first application and re-
mained high in untreated plots

throughout the trial. Excellent con-
trol of B. tabaciwas demonstrated Figure 1. Imidacloprid efficacy again®emisia tabacstrains SUD-S, ALM-2,
LMPA-2 and CAL-1.

L= ppm

* resistamce faclor
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A list of effective combinations is
in preparation.

5. Use non-specific products

to prevent resistance development.
6. All possible cultivation

techniques should be used, as well

as physical and biological pest con-
trol methods.

Martality % Abbott

7. Crop protection products

should be used to reduce the risk to
beneficial organisms. 0
8.  All applications should be

1+

1388

1963 1891 1994

T
15id

1085 1906

at the doses and spray intervals regigure 2. Field perfomance of imidacloprid agaiBgmisia tabacin southern Spain

ommended by the label. 1988-1996.

9. Ensure uniform spray cov-

erage. Imidacloprid offers a new and

10'_ When resistance reduce§aluab|e tool to manage resistant
effectiveness, do not carry out a fol-

low-up treatment with a pesticidefag - myiti-resistance insect pests

with the same mode of action. 45 1ot show cross resistance to

11. Monitor the Ioest“:"Spons’e?midacloprid. Nevertheless, suit-

to imidacloprid whenever possibleyy, o monitoring methods for white-

tucky, USA) on December 10, 1996.
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lism of permethrin was studied with
The objective of this study was'“C labeled compound and with syn-

Permethrin to identify the resistance mechaergist tests. We also compared the
nisms in houseflies to pyrethrioddocus of the recessive resistance
Yoji Takada collected at Akagi, Gunma prefec-gene on the third chromosome with
Agricultural Chemicals Research ture (Akagi County, Japan). Electhat of thekdr gene. We found that
Laboratory trophysiological studies were conteduced nerve sensitivity and in-

Sumitomo Chemical Co., Ltd.
4-2-1 Takatsukasa
Takarazuka, 665

Japan

ducted to investigate the effect otreased metabolism by microsomal
permethrin on the nervous systemaytochrome P-450 dependent
of the housefly. Thi vivometabo- monooxygenase system were the
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major mechanisms of housefly re- — Ten houseflies homogenated in 1ml of deionized water
sistance to pyrethroids in the Akag
strain. Extraction with 2 mi chloroform
MATERIALS & METHODS Centrituged with 10000g for 10 min. {two times)
Houseflies + '* }
The initial colony was started ————Solid residue  Water fraction Chloroform fraction

from individuals collected in Akagi,
Gunma prefecture in 1984. Akagi

selected with permethrin for 5 anc

15 generations, respectively. Tht Centrifuged with 10000g for 10 min. {three times)
228e2b strain was established by D I

J. Keidling in 1976 from Danish
flies. CSMA and Osaka-S are wild Chleroform fraction (1% acetic acid)  Water fraction

suscept_lble strains. Th_e SusceptlblI%gure 1. Extraction procedure for permethrin (parent compound) and metabolites.
Bx? strain has one dominant marker

on the third chromosome. The sus-

ceptiblebgp strain has three reces- Metabolic study Analysis of recessive resistant

sive markers on the third chromo-  afier the 24C labeled compound factor on the third chromosome

some. was topically applied, permethrin  This analysis was done by cross-

o o and metabolites were extracted fronng and backcrossing the resistant

Toxicity/ Synergist bioassays  reated houseflies with the proceF, adults with a Bstrain possess-
The relative toxicity of insecti- qure depicted in Figure 1. ing a dominant marker on the third

cides towards these housefly strains chromosome (Figure 3).

was determined with a topical ap- Electrophysiological study

plication method. The role of  pg glectrical activity induced by Mapping of the third

detoxification in resistance was iNyermethrin topically applied to chromosomal recessive resistance

vestigated with two Synergists, pipy,qseflied was monitored as shown gene

eronyl butoxide (PB) and S,S,Sy, Figyre 2. Resistant houseflies were crossed
tributyl phosphorotrithioate (DEF).

In the synergist bioassay, insecticide
and synergist were applied simul-
taneously to the individuals.

Penetration study /_?W

14C labeled permethrin was ap-
plied topically to the thorax of the
Akagi PP15 and the CSMA indi-
viduals at the rate equivalent to the
LD,, of the CSMA strain. At set
intervals after application, the sur-
face of each housefly was rinsec
with hexane into a liquid scintilla- \ (OI®]
tion vial. The hexane was allowed —-
to evaporate and scintillation cock- bE TAPERECORDER
tail added to the vials. Then, the P
radioactivities on the flies and in the INFUT BOx PREAMPLIFIER
vials were determined by liquid
scintillation.

OSCILLOSCOPE

Figure 2. Schematic drawing of the method used to record nervous system activity.
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ate db

bgp strain
Resistantstrain @ X  Bx?strain &

(+14) * (+/Bx3)
F1 progeny (+/+) or (+/Bx’)

Resistantstrain ¢ X  Fi1 progeny '
(+14) * (+/Bx?)

Backcrossed progeny (+/+) or (+/sz)

?

~iffran *nux

Vol. 9, no. 1

Resistant strain

4 generations as phenotype

8 generations by topical application
Osaka-S strain & X Resistant bgp strain

Fi1 & X Resistantbgp strain A

Figure 3. Housefly crosses to isolate

Backcrossed progeny

recessive resistance factor on the third {8 phenotypes)

chromosome.

Figure 4. Housefly crosses to determine recombination values among visible marker
genes and the recessive resistance gene on the third chromosome.

100

501

Radioactivity recovered (%)

Akagi PP15

c i 1 a
060120 2:10 480

4
Figure 5. Percent‘C recovered from hexane rinses at various time after treatment wg

1C permethrin (= LD, for CSMA strain).

Table 1. Susceptibility of Akagi, Akagi PP15, 228e2b and CSMA
housefly strains to permethrin, cypermethrin and fenitrothion.

LD,, (ug/ female fty)

Insecticides

CSMA Akagi Akagi PP15 228e2b
permethrin 0.021 7.1 (340) 73(3500) 4.4 (210)
cypermethrin ~ 0.010 5.8 (580) 51 (5100) 2.7 (270)
fenitrothion ~ 0.064 2.3 (36) 2.2 (34) 1.1 (17)

Resistance Ratio = LDvalue resistant fiy/ LD value of CSMA strain.

1440

with the bgp strain to establish re-
sistant strains with markers (Figure
4). Resistant strains were segre-
gated by eight morphological phe-
notypes. A dose of 0.1 mg
permethrin was applied to each
backcrossed progeny segregated by
eight morphological phenotypes.
Another dose of 1.0 mg was applied
to each backcrossed progeny from
the crossing experiment with the
resistant Akagbgp strain (Figure

. The recombination values were
Iculated by the formula proposed
by Tsukamoto (1965).

RESULTS & DISCUSSION

LD,, values for the three resis-
tant housefly strains, as well as the
susceptible CSMA strain, to insec-
ticides are given in Table 1. The
Akagi colony shows high resistance
to both pyrethroids and moderate
resistance to fenitrothion. The
Akagi PP15 strain was almost ten
times more resistant to permethrin
and cypermethrin than the original
Akagi colony. A synergistic effect
was recognized with PB on the
Akagi colony and the Akagi PP15,



Summer 1997 REsISTANT PEST MANAGEMENT

Table 2. Synergistic effects of piperonyl butoxide (PB) and S,S,S-tributyl
phosphorotrithioate (DEF) with permethrin for the Akagi, Akagi PP15,
228e2b and CSMA housefly strains.

LD,, (ug/female fly)
Insecticides
CSMA Akagi Akagi PP15 228e2b
permethrin alone  0.021 7.1 73 4.4
with PB 0.0012 (18) 0.19 (37) 0.45(160) 0.20 (22)
with DEF 0.0063 (3.3) 4.7 (1.5) 19(3.8) 2.6 (1.7)

*Synergist Ratio = L[} value without synergist/ LD value with synergist.

Rf value
0.83 ’ e

(permethrin) m v “ v

A0.48 s e Wl -

B 0.42

C0.38 w W ‘ f

D 0.25 )

E 020 - 2

Fo.01 - - - &

o o am & O
Figure 6. Radioautograph 6fC permethrin (1), chloroform and chloroform (1% acetic

acid) soluble metabolites &C permethrin in the CSMA (ll, IV) and Akagi PP15 (llI,
V) housefly strains after 30 and 120 minutes of treatment, respectively.

CSMA strain

Insecticide treatment

|

Before 0

Akagi PP15 strain

Insecticide treatment

-L{..LL—M———JLL———LJ—._L Il_
60

Before € 10 18 30 90 120 min. 1mlin.

60 88 120 min.

Figure 7. Changes in firing frequency in the femur nerve after topically applying 1 mg

permethrin to individuals from the CSMA strain and the Akagi PP15 strain.

19
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Table 3. Percent’C permethrin in the
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CSMA houseflies and Akagi PP15 housefiies

after 30 and 120 minutes after treatment.

Vol. 9, no. 1

Table 4. Susceptiblty of backcrossed progeny (females of
resistant strain x males of F1 progeny #y/Ba insecticides.

LD, (ug/female fly)

.. Chromosome
p  of ied d Insecticide Il genotype Ak
ercent of applied dose . agi
Time (min) Akag PP15 228e2b
CSMA Akagi PP15

ermethrin +/+ 7.3 37 2.5
30 5.6 5.2 P +Bx 011 019 014
. . +/+ 3.0 1.3 0.51
120 19 17 fenirothion g 30 081 059

Figure 8. Linkage maps for the third chromosome in Akagi PP5 and 228e2b house

Akagi PP5__ 12T/ '\

strain

bwb ge PW
228e2b /— \/— Y_ \
strain bWb g p
25.8
Standard /_ Y
map  pyp \13\ /

strains compared to the standard map reported by Hiroyoshi (1977).

but not with DEF (Table 2). This
indicates that the cytochrome-P450-
dependent monooxygenase system
plays a role in housefly resistance
to permethrin. LD values of Akagi
colony and Akagi PP15 strain to
permethrin and PB were still larger
than that of CSMA strain to
permethrin alone, so we suspect
another mechanism must exist.
Reduced penetration was not ob-
served in Akagi PP15 strain in the
study withC labeled permethrin
gene. Furthermore, when we com-
,pared the contribution ¢ddr factor

to the resistance of some pyrethroids
in Akagi PP15 strain by crossing it
with Bx? strain (Table 5) a remark-
able difference in the LD values
to the pyrethroids with 3-

Table 5. Susceptibility of backcrossed housefly progeny (females of Akagi phenoxybenzyl alcohol moiety was
PP15 strain x males of F1 progeny #JBx pyrethroids.

LD, (ug/female fly)

Compound Structure Ckdr
+/+ +/BX
deltmethrin f:r -.r=¢=.|>‘°“‘ ? _g“' >40 0.032 >1300
A-cyhalothrin U ,ﬁ:f TV —{m 0.068 >590
i en 0 '='

cypermethrin :j C/‘ >40 0.096 >420
pralethrin a0y

BYE 18 0.80 23

o

®Ckdr = LD, backcrossed progeny (+/+)/ Lfof backcrossed progeny

(+/BX)

recognized between backcrossed
progeny from the two genotypes (+/
+ and +/BX). The alcohol moiety
appeared associated witir factor
(Table 5). On the other hand, the
contribution of kdr factor to
prallethrin with cyclopentenolone
alcohol was less than that of the
pyrethroids described above.
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paring the LD s and slopes of the nostic dose of CrylA(c) protein, was
probit regression lines (Robertsonested against a CrylA(c)-resistant
& Preisler 1992). However, L3 strain ofH. virescens
and slope estimates are not ad-
equately sensitive for detecting reMATERIALS & METHODS
sistance when the incidence is low, CrylA(c) protein dose-mortality
e.g. < 16 (Roush & Miller 1986). response and larval growth inhibi-
Diagnostic doses that unambigution bioassays were previously de-
ously discriminate between resistanécribed (Simt al 1996). Bt pro-
and susceptible phenotypes are tain was mixed into a standard Lepi-
more efficient means of finding re-doptera diet and poured into indi-
sistant phenotypes because each igidual wells of multiple well assay
dividual tested provides useful datatrays_ OnestinstarH. virescensor
Heliothis virescengF.) and H. zealarva was added to each well
Helicoverpa zegBoddie) are ma- and confined by ventilated Mylar
jor pests targeted for control byplastic. Assays (startingn=24-48
commercial transgenic cotton linegarvae) were incubated at 28°C and
that produce the CrylA(c) insecti-evaluated at 7 days by scoring the
cidal protein. In this study, we comumber of survivors per concentra-
pared the relative suitability of lar-tion or by We|gh|ng larvae in groups
val mortality and larval growth in- of 10 - 48 and calculating the mean
hibition assays for monitoring thejarval weight. The dose-response
sensitivity ofH. virescensandH.  function of treatments was fit with
zeato the CrylA(c) protein. Diag- either probit analysis (mortality
nostic doses of CrylA(c) protein fordata) or non-linear regression analy-
both mortality and growth inhibition sjs for larval weight data (Siret
assays were calculated. The effeg]. 1996).

tiveness of the growth inhibition e re-evaluated the combined

The insect control effectivenes@SSay, in combination with a diagdose mortality responses of 12

of transgenic plants expressiBg-
cillus thuringiensigBt) proteins is
seriously threatened by the poten
tial development of resistance
(Tabashnik 1994). An important
component of preemptive Bt resis
tance management strategies is ¢
efficient resistance monitoring pro-
gram. Monitoring data helps evalu:
ate the effectiveness of resistanc
management strategies and permi
early detection of resistant pheno
types. Under favorable circum-
stances, this could allow remedia
resistance management measures
be implemented prior to control fail-
ure (ffrench-Constant & Roush
1990).

Insecticide resistance is usually

] H. \r'iI‘ESI:El]_EJ"”“””“:.m .

1 EERRTERERS

H
b=
£

|

ercent mortality (x0.000

ol | X ERRREE

. (e L .01 0.1 1 10
Dose (pg/mL) of CrylA(c) protein

monitored by determining the log-Figure 1. Mortality response oHelicoverpa virescenkrvae to purified 63-kD
dose probit mortality responses ofrYIA(c) protein.
insect strains and statistically com-
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Figure 2. Mortality response oHelicoverpa zedarvae to purified 63-kD CrylA(c)
protein.

strains oH. virescensnd 15 strains estimate LG, values and 95% con-

of H. zeato purified 63 kDa fidence limits. The LG values

(trypsin-activated) CrylA(c) protein were selected as diagnostic dos

(Stone & Sims 1993). The straingor each species. The total nu

of each species’ distribution. Allanalyses foH. virescensindH. zea
data, within each species, were conwere234 and 456respectively.
bined and probit analysis used to Larval growth inhibition, in re-

[5)
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[=]

T—t——d—lem Dy o oS-

H. virescens
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BN
=

8
:

P
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Larval weight (mg)
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=
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Figure 3. Growth inhibition of Heliothis virescengarvae in response to purified 130-
kD CrylA(c) protein.

Vol. 9, no. 1

sponse to purified full-length
CrylA(c) protein, was studied fot.
virescensand H. zealaboratory
colonies from the USDA,
Stoneville, MS and twbl. zeacolo-
nies initiated from individuals col-
lected in Brooksville, MS. The data
set for each species was fit by non-
linear regression to estimate EC
values,i.e. the concentrations re-
quired to reduce larval weight to 1%
of the mean control weight, and 95%
confidence intervals. The total num-
ber of assays contributing to the
analyses foH. virescengndH. zea
were 178 and 173, respectively.
We evaluated potential diagnos-
tic doses for the growth inhibition
assay on larvae from a North Caro-
lina strain ofH. virescen{YHD2)
selected for over 1000-fold resis-
tance to CrylA(c) protein (Goulet
al. 1995) and on Fhybrids derived
from crosses to a non-selected sus-

m%SéptibleH. virescenstrain (YDK).

represented a significant proportiomers of assays contributing to th

The CrylA(c) protein, within a lyo-

%hilized transgenic cotton leaf tis-
sue matrix, was incorporated into
insect diet at 4, 20, 60, and 80 mg/
mL diet resulting in 0.24, 1.20, 3.6
and 4.8 ug/mL concentrations of
active CrylA(c) protein, respec-

tively. Diets containing appropri-

ate concentrations of leaf tissue from
non-transgenic C312 cotton served
as controls for weight comparisons.

RESULTS & DISCUSSION

The dose-mortality reponse re-
sults are presented in Figures 1 and
2. LG, estimates for the 63-kDa
protein were 3.3 mg/mL (95% CI =
2.3-5.3) foH. virescensgnd 6,661
mg/mL (95% CI = 1,003 - 2.12 X
1) for H. zea. Because transgenic
cotton produces the non-activated,
full-length CrylA(c) protein (~ 130-
kD) approximately twice the mo-
lecular weight of the trypsin-resis-
tant core, the L{; estimates for the
full-length CrylA(c) protein was 6.6
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mg/mL forH. virescensand 13,322 o I : : o

mg/mL for H. zea. @ :
Larval growth inhibition results m:né : R T

are shown in Figures 3 and 4. EC - i

values were 0.058 mg/mL (0.030 to EH

0.086) forH. virescensind 28.8 mg/ Z wh .

mL (-7.4 to 65.1) foH. zea These s H Yo

estimates were considerably lower = 01 B

(114-fold less foH. virescens463- E ol

fold less forH. zeg than the corre-

sponding LG, estimates for the full- 20

length CrylA(c) protein. -
Resistant YHD2 larvae devel- 0= T - DG

oped significantly faster on all (0000001 0er 0l : o 100 500

CrylA(c) concentrations compared Concentration of CryTAic) protein (pgimL) in diet

to larvae from the susceptible strain
(YDK) (Fig. 5). The mean weight Figure 4. Groyvth inhibition of Helicoverpa zedarvae in response to purified 130-kD
of presumptive Fheterozygotes for ©Y'A(©) protein.
the resistance traiti.¢. YHD2 x
YDK and YDK x YHD2) can be discrimination (stunting) of suscep- The larval growth assay, com-
distinguished from the mean weightible larvae at a much lower concenbined with a diagnostic dose, unam-
of YDK larvae reared on diet treatedration. These diagnostic doses ebiguously separated resistant ho-
with 4 mg/mL of transgenic leafther kill susceptible larvae or pre-mozygotes of the CrylA(c) resistant
powder (Fig. 6). vent them from reaching 3rd instarstrain ofH. virescengrom suscep-
A larval growth inhibition assay Size differences betweeftand 2¢ tible insects. However, the diagnos-
based on sublethal doses oihstar versus 8instar are obvious tic dose was only partially success-
CrylA(c) protein was considerablybut errors (false positives) can béul at detecting resistant Reterozy-
more sensitive than dose-responderther minimized by concurrently gotes. A detailed analysis of indi-
mortality assays and is likely to beesting larvae on control diet to providual growth rates indicated that a
superior for detecting incipient susvide a direct size comparison. Essignificant proportion of presump-
ceptibility changes im. virescens sentially all healthy larvae of bothtive F heterozygotes grew at the
andH. zeato the Bt CrylA(c) pro- species tested on control diet wersame rate as susceptible YDK lar-
tein. Since both growth and mor= 3¢ instar (usually= 100 mg) at 7 vae (Goulcet al. 1995). Neverthe-
tality assays require ingestion of thelays.
insecticidal protein mixed into a diet
matrix, little additional effort is re-
quired to set-up and visually score
growth inhibition tests compared tc

the mortality assays. —=— YDK
SmceH.wrescenand_H.zeaare -8~ YHD?
not equally susceptible to the
-2 YDE-BT

CrylA(c) protein, different diagnos-
tic doses and accurate identificatiol
were necessary prior to the assay
The CrylA(c) EG,doses calculated
for H. viresceng0.058 mg/mL) and
H. zea(28.8 mg/mL) were reason-

able diagnostic dose estimates 0 a5 s 75 100
However, the Ege; (6.6 mg/mL, 0.1 Concentration of leaf material (mg/ml. diet)
to 13.0) was more practical fét.

zeg because it provided adequatgigure 5. Effect of CrylA(c) protein, in transgenic cotton leaf tissue, on weight gain (+
1 SEM) of susceptible (YDK) and resistant (YHD2)virescendarvae.

- YHDZ-BT

Larval weight after 7 days (Log ymg)

=]

i
1
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220 33 based on larval survival.
"
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of detecting resistance while it isprogeny would be tested against an 2§§S§;hmArsn;?§§n Chemical Society
still rare (Roush & Miller 1986). appropriate diagnostic dose for th&tone, T.B. & S.R. Sims. 1993. Geographic
A future application of growth presence of genetic factors having susceptibility ofHeliothis virescensnd
assays could be the analysis of atajor effects on susceptibility. This Helicoverpazed epidoptera: Noctuidae)
lelic frequencies of resistance prioapproach, based on larval growth, té’m%;%:"g%,tg;g_ggfns's J. Econ.
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This could be done by screenindor obtaining resistant insect strains tance ta®acillus thuringiensisAnn. Rev.
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*= SOME ESCAPES

Figure 6. Weight of 11-day-old larvae from the CrylA(c) resistant, susceptible and
reciprocal E hybrids to a diet-incorporated, discriminating dose of CrylA(c) protein in
transgenic cotton leaf tissue.

Organophosphate g- Y. Zhu, S. Kambhampati & B. A. field-collected population of lesser
. . over . .
Resisance and S Boimwericmona, AN D01t shoved esstae o
i i i Kansas State University o ,
_BIOChemlcaI Mechanisms Manhattan, KS 66502 pirimiphos-methy and chlorpyrifos-
in Brazilian and U.S. United States methyl (Guedeset al. 1996).
Populations of the Lesser Malathion resistance ranged from

Grain Borer, Rhyzopertha _Ordanophosphateresistance wap.1- to 12.2-fold at LG,
domini detected in lesser grain borerpirimiphos-methyl resistance ratios
ominica Rhyzopertha dominicgF.) (Co- ranged from 2.4- to 9.2-fold; and
leoptera: Bostrichidae), collectedchlorpyrifos-methyl resistance ra-

R.N. C. Guedes from eight sites in the states ofj df 6- to 167.9-fold
Departamento de Biologia Animal . 9 . ~ . los ranged from 5. -tp:!. 7. -Q i
Universidade Federal de Vicosa Minas Gerais and S&o Paulo in Brato our knowledge, this is the first
Vigosa, MG 36571.000 zil and from seven sites in northeasteport of pirimiphos-methyl resis-

Brazil Kansas in the United States. Eactance inR. dominicapopulations
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from the United States, and resiswere 5.2 x 10 M and 80.2 nmol/h/ fold more sensitive to carbofuran
tance development is probably irmg protein, respectively, for thethan the acetylcholinesterase from
the initial stage. Furthermore, modsusceptible population and 5.8 x 1&he susceptible population. These
erate resistance to chlorpyrifos-meiM and 189.5 nmol/h/mg protein,results support our contention that
thyl was detected in Brazilian andrespectively, for the resistant popuan altered acetylcholinesterase con-
U.S. populations of lesser graidation from Uberlandia, Brazil. En-tributes to target site insensitivity
borer for the first time. Sincehanced phosphotriesterase activitieading to malathion resistance in
chlorpyrifos-methyl is not usedmay be another major organophodesser grain borer. Nonetheless, this
against stored grain insects in Braphate resistance mechanismRn mechanism does not contribute to
zil, this resistance must havelominica The substrate, paraoxonput actually counteracts
evolved through selection by otheis an organophosphate insecticideshlorpyrifos-methyl resistance in
organophosphates. thus we suspect that the higher erthis species.

Possible biochemical mechazymatic activity in resistant popu- In summary, resistance to
nisms for organophosphate residations will allow those populations chlorpyrifos-methyl is probably due
tance were examined in the populao hydrolyze other organophos+to increased phosphotriesterase ac-
tions of lesser grain borer. Low synphates, especially those with simitivity in this population, whereas
ergism, non-synergism and even arlar chemical structure to paraoxonresistance to malathion was due to
tagonism of pesticide toxicity by Further studies with purified ace-increased phosphotriesterase activ-
triphenyl phosphate, diethyl maletylcholinesterase isolated from reity and reduced sensitivity of ace-
ate, and piperonyl butoxide in all 15sistant lesser grain borer indicat¢ylcholinesterase. Phospho-
resistant populations suggested thé#that this enzyme is a true acetylchadriesterases might be more efficient
carboxylesterases, glutathiose linesterase (unpublished data). Kiin hydrolyzing phenyl and hetero-
transferases, and cytochrome P45€@etic studies show that the affinitycyclic organophosphates, such as
monooxygenases do not play a masf the acetylcholinesterase to th@arathion and chlorpyrifos-methyl
jor role in organophosphate resissubstrates acetylthiocholine, acetylthan aliphatic organophosphates
tance in lesser grain borer (Guede-methyl) thiocholine, and like malathion. This would explain
et al. 1997a). This hypothesis wagpropionylthiocholine was similar the higher resistance levels to
strongly supported byn vitro between the susceptible and resishlorpyrifos-methyl than to
colorimetrical studies. In contrasttant (Uberlandia, Brazil) popula-malathion in the resistant population
all resistant populations oR. tions. However, the affinity t& of lesser grain borer.
dominicashowed higher acetylcho-butyrylthiocholine was significantly
linesterase activity than the suscegewer in the resistant population REFERENCES
tible population and were less serthan in the susceptible populatioffuédes. R.N.C., B.A. Dover & S.

.. e e . Kambhampati. 1996. Resistance to
sitive .to '|nh|b|t|on b_y malaoxon. (unpupllsheq data). For each ;ub- chlorpyrifos-methyl, pirimiphos-methyl,
Quantitative and qualitative changestrate investigated, the hydrolyzing  and malathion in Brazilian and U.S. popu-
in acetylcholinesterase activity mayefficiency of purified acetylcho- lations ofRhyzopertha dominicéCo-
contribute to organophosphate resiginesterase from the resistant popu- leoptera: Bostrichidae). J. Econ. Entomol.

: . . . 89: 27-32.
tanpe in these populations of lessdation was qbout 2-fold _hlgher thanGuedes, RN.C.. S. Kambhampati, B.A. Do-
grain borer. the susceptible population. Acetyl- o ¢ K.v. Zhu. 1997a. Biochemical

Phosphotriesterase activity tocholinesterase from the resistant mechanisms of organophosphate resis-
wards paraoxon among 15 organgopulation was 13- and 32-fold less tance inRhyzopertha dominic&Co-
phosphate-resistant populations afensitive to inhibition by paraoxon |eoptera: Bostrichidae) populations from
lesser grain borer from Brazil ancand malaoxon, respectively, than ¢ United States and Brazil. - Bull

- . ! ! Entomol. Res. (In press).
the United States was surveyedacetylcholinesterase from the susgyedes, R.N.C., K.Y. Zhu, B.A. Dover & S.
These resistant populations had sigseptible population. However, ace- Kambhampati. 1997b. Partial character-
nificantly higher phosphotriesteraseylcholinesterase from the resistant ization of phosphotriesterases from orga-
activity than the susceptible popupopulation was about 3-fold more ”gpEgﬁ%hnastec;gfczeg’tg;:r;dor:qeif]'i(s:;a”t
lation (Guedest al. 1997b). The sensitive to carbaryl and ?C&eoptera: Bogtrifhidae). Pestic.

Kinetic parametersK andV__, chlorpyrifos-methyl oxon and 205-  Biochem. Physiol. (In press).
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INTRODUCTION

New strategies are needed t
manage insecticide resistance i
transgenic crops with pesticidal ac
tivity. In the case of transgenic cot

ton expressing theBacillus
thuringiensistoxin (Bt-cotton), an

important factor is the relative tol-
erance of several cotton pests to the

toxin. Among the two major lepi-
havas started from larvae collected

dopterous pests of cotton in t

southeastern USA, tobacco bud

worm, Heliothis virseces (F.), is
very susceptible toBacillus
thuringiensigtoxin, while corn ear-
worm, Helicoverpa zegBoddie),

Table 1. Adult susceptibilty to cyhalothrin for three
strains oHelicoverpa zeaa laboratory colonyH.
zea$S); F and F, adutts of a collection from Estil,

SC (Estil96); and the hybrid progeny of those strains

RESISTANT PEST MANAGEMENT Vol. 9, no. 1
exhibits a wide range of responsewias compared to a susceptible labo-
to the toxin (Sim®t al.1996). The ratory strain ofH. zea. This sus-
practical consequence is that Bt-coteptible strainKl. zeaS) was pro-
ton must be sprayed once or twicgided by Mr. F. Stell, Clemson Uni-
to control large populations ¢f. versity, and thought to have origi-
zea. The most effective and eco-nated at the USDA research labora-
nomical insecticides for this appli-tory in Stoneville, MS.
cation has been the synthetic pyre- Susceptibility tests of virgin
throids. adults fed for one day were per-
In 1996, conventional cottonformed in insecticide-coated glass
growers in Estill, SC experiencedscintillation vials (Campanhola &
failure controllingH. zealarvae Plapp 1989, Pimpralet al. 1996).
with pyrethroid applications. Inves-One moth of either sex was held in
tigation and modification of variouseach vial at 21-23°C and mortality

Pactors related to application techwas assessed at 24 h. Individuals

Hiques did not correct the problemwere considered dead when they

Cyhalothrin was applied 5 or 6 timesvere unable to cling to the side of

with additional applications of the vial when disturbed. Suscepti-
deltamethrin and cypermethrin.  bility tests of larvae were performed

by topical application of technical
MATERIALS & METHODS grade insecticides in acetone

The Estill96 laboratory colony (Brownet al. 1996).

from the problem fields on Septem- RESULTS & DISCUSSION
ber 13 and 17, 1996. ,Fand F Field generation adults were re-
adults were bioassayed in the labasistant to cypermethrin. When ex-
ratory. The response of P,,FF, posed to 2.5ug per vial of
adults and Flarvae to pyrethroids cypermethrin, the mortality for
Estill96 adults was 17.6% (n = 34)
compared to 92% mortality fa.
zeasS (n = 25). There was no con-
trol mortality forH. zea$S (n = 22).
There was also resistance to
cyhalothrin in Estill96 adults (Table

(Hybrid). 1). Preliminary probit analysis in-
- dicated approximately 28-fold resis-
% Mortality at 24 h (n

Dose ° il ® tance to cyhalothrin. A

MoVR) zeas  Hybrid Estilo6 descriminatory dose of 2.5ug
cyhalothrin per vial killed alH. zea-

0 0(22) ) 0(12) S adults while most Estill96 adults

0.125 50 (10) - - survived. Analysis of hybrid prog-
eny produced by mating Estill96 to

0.625 53.3 (1%) 0 (20) ) H. zea$S indicated that this resis-

1.25 94.4 (36) 45 (20) 12.5 (8) tance is expressed as an incom-
pletely dominant trait.

2.5 100 (15) 50 (20) 6.6 (106) We also observed 5-fold resis-

50 ) 89.5 (19) ) tance to permethrin in Estill96, F
larvae when compared to our

10 - 100 (20) 80 (10) baseline data (unpublished results)
obtained in 1982 from a collection

30 - - 100 (4) made in Elliott, SC. The median
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lethal dose of permethrin forLouisiana (J. B. Graves, personallRAC). This report was presented
Estill96 larvae was 3.06 pg/g (C.L.communication). Monitoring in to the 1997 annual meeting of the
=2.48 - 3.85, slope = 2.1) while thel997 will include both Estill and aWestern Regional Coordinating
median lethal dose for Elliott82 wascontrol area around Florence. Committee on Pesticide Resistance
0.62 pg/g (C.L. =0.42-0.79, slope A management plan has been eddanagement (WRCC-60) in Fort
= 2.5). Resistance to permethrin itablished with Bt-cotton introducedCollins, Colorado.

larvae was similar to that reportedo help control the pyrethroid-resis-

previously for corn earworm larvaetant population. If monitoring in- REFERENCES

collected in 1991 from sweet corndicates continued resistance, thefied-Elghafar, S.F., C.O. Knowles & M.L.
in IIIi_nois and from cotton in Mis- alternative insecticides will be_rec- x\éﬂl' slt?;ié Zﬁe‘;pég'\?eﬁiszcheg_mo
souri (Abd-Elghafaet al. 1993).  ommended to reduce pyrethroid se- goptera: Noctuidae). J. Econ. Entomol.

Resistance to cypermethrin andection pressure. Unfortunately, this 86: 1651-5.
to cyhalothrin in adults appears tawill greatly increase costs to theBagwell, R.D., J.B. Graves, J.W. Holloway,
be high compared to previougyrowers who have already invested B-R: Leonard, E. Buris, S. Micinski &

. ; V. Mascarenhas. 1997. Status of insecti-
records. The average mortality foin Bt-cotton. cide resistance in tobacco budworm and
H. zeacollected from cotton in Sep-  The establishment and spread of boliworm in Louisiana during 1996. 1997
tember in Louisiana from 1988 -pyrethroid-resistanH. zeawould Proc. Beltwide Cotton Confer.

1993 to cypermethrin (2 pg/vial)have serious implications for theBroi"g’g;-g"-h;-fén?gyso:‘o& r?ITa Pl?t’r:‘eer-s
was 74% and '_[he lowest value waeconomlcally sut_:ces§ful use of Bt- . peémeﬁhring_’resistgﬁtto%égco Q;dworm
52% mortality in 1993 (Bagwed#lt cotton. This situation must be |arvae,Heliothis virescens Pestic. Sci.
al. 1997). We observed only 17.6%closely monitored and economically 43: 323-331.

mortality at 2.5 pg/vial of feasible alternative strategies musgampanhola, C. & F.W. Plapp. 1989. Tox-
cypermethrin and only 6.6% mor-be developed quickly. Of course, Cl¥andsynergism ofinsecticides against

) . . . . . susceptible and pyrethroid-resistant neo-
tality at 2.5 pg/vial cyhalothrin, athere is also the question of resis- | ic |arvae and adult of the tobacco bud-
dose that killed all of our susceptance developing to Bt-cotton, So in- worm (Lepidoptera: Noctuidae). J. Econ.
tible laboratory strain. troducing this plant/pesticide to con- Entomol. 82: 1527-33.

This resistance case seems to ll pyrethroid-resistant insects als& '”‘Tp'rvla'eé r?)v?n %36‘39;‘;%:3-';6 ZLYSSCOE“ tf‘
unusual in that thgre have been fewomes with a risk to the overall bi'”ty'ofpyret'hroid_r'esistanttobacco bu%_
problems controlling corn earwormmanagement plan. worm (Lepidoptera: Noctuidae) to
with pyrethroids in South Carolina We gratefully acknowledge the chlorfenapyr. J. Econ. Entomol. 90: 36-
in the past and there were no simisupport of the South Carolina Agri- 41
lar reports of failures in other areasultural Experiment Station, theS™S:S: B J.T. Greenplate, T.B. Stone, M.A.

.. . . . Caprio & F.L. Gould. 1996. Monitoring
of South Carolinain 1996. Itis pos-South Carolina Agricultural Exten- gy ateqgies for early detection of lepidoptera
sible that this is an isolated cassion Service, a grant from the resistance tBacillus thuringiensisnsec-
where resistance developed due t8lemson University IPM Program, ticidal proteinsin T. M. Brown (Ed.),
intensive use of pyrethroids. Simi-and a grant from the Insecticide Molecular Genetics and Evolution of Pes-

. . . ticide Resistance. Washington, D.C.:
lar hot spots have been observed iResistance Action Committee 5. o Somical Society. Pp. 229-242.

Reduced

Acetylcholinesterase INTRODUCTION yet sensitive methods to detect and
Sensitivity in a The diamondback moth (DBM), monitor the resistance levels of
Diamondback Moth Plutella xylostellgL.), is an impor- DBM to conventional insecticides.

. tant pest of cruciferous vegetableReduced acetylcholinesterase
Populatlon from South in South China. In different regions,(AchE) sensitivity to inhibition is an
China field populations of this moth haveimportant mechanism of resistance

different levels of resistance to into organophosphate (OP) and car-
Yungin Sun, Jiagui Yuan & Jing Wang  secticides. In recent years, farmergamate insecticides in many insect

K‘s;i;fﬁqc’fsizgg;ogy have expanded the cultivated arespecies (Hama 1983, Dasgt al.
Beijing, {00080 of vegetables; consequently, ther@990) including the DBM (Suet

China is a great need for simple and rapicgl. 1986, Tunget al. 1992). Some
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Table 1. Insecticide toxicity among three strains of diamonback

moth, Table 2. Percent inhibition of AchE activity in
Strain Insecticide LDy, Y=a+bx R/S DBM by propoxur and paraxon.
pofinsect
Dichlorovos 0.27 7.86+2.39x 1.0 Stai Percent inhibition
rain
JS Malathion 0.78 6.71+1.17x 1.0 propoxur paraxon
Methomyl 0.25 6.31+1.17x 1.0 _
S-strain 52.94 84.66
Dichlorovos 3.67 5.10+2.06x  13.8 R-strain 50.97 43.76
GBR  Malathion 7.86 4.76+0.86x 10.1 ]
DG population 43.96 35.87
Methomyl 1.35 5.42+0.86x 54

biochemical methods for characterziges were used to bioassay DBMyere treated with appropriate con-
izing reduced AchE sensitivity 105 dot-blot assay on nitrocellulosecentrations of propoxur and
insecticides among resistant inseCiembrane was done as described biaraoxon, as well as ethanol, for
(Moores 1998, Ferrari 1993) areyqryet al.(1991) with some modi- inhibiting the susceptible AchE.
widely recognized and utilized infications. To obtain measurable reThe blots were rinsed and then im-
practice. A dot-blot method on ni-gjgya| AchE activity without insec- mersed in the developing solution
trocellulose membrane for identifi-jicige exposure, we performed alkg color-tag AchE activity. After 3.5
cation of insensitive AChE in resis-assays on homogenate from DBMy incubation at room temperature,
tant DBM individuals has created atheads. One hundred heads fromiots were rinsed in distilled water
opportunity for early detection andipree-day-old adult female DBMand dried. The staining intensity of
subsequent monitoring of resistancgere homogenized in 5 ml of ice-each dot-blot was determined with
among field populations. cold 100 mM sodium phosphaterRCP densitometer (Tobias Associ-
buffer (pH 7.5) in wells of porce- gted INC.).
METHODS lain plates. After homogenization, )
The resistant strain (GBR) wasan additional 45 ml buffer was RESULTS
started from individuals collected onadded to each well. A piece of tis-
avegetable farm in Guanzhou provsue paper (1 by 1 cm) was placeg,
ince in 1986 and reared in the labosn top of the homogenate in each
ratory under the selection pressurgell to exclude the head fragmentsyan Js strain (Table 1). Atthe LD
with OPs. The susceptible strairFive ml homogenate was aspirateg}, o resistance ratio of the GBR
(JS) was obtained from Japanesgrough the piece of tissue paper anghrain relative to JS was 13.8 and 10
Sumitomo Chemical Co. Ltd. spotted onto nitrocellulose meMyq; gichiorovos and malathion, re-
Topical applications of insecti- brane (5 by 3 cm). The membrane§pectively, and 5.4 for methon’1yl.

The percentage of inhibition of
o5 AchE activity in GBR strain and
field population (DG) was 50.97%

The GBR strain was significantly
ss susceptible to both dichlorovos
nd malathion as well as methomyl

=l 0Js and 43.96%, respectively, in the
=15 | [ 3ER presence of propoxur, 43.76 and
B0 | W population 35.87%, respectively, in the pres-
5 D:I ence of paraoxon (Table 2). The
o I:I:L il |II e B o = = = = resultsshowedthatGBR strainand
= = = = = o = 3 DG field popula’qon he_l\_/e_ higher
=8 g3 w8 383 gf - oI oe degrees of AchE insensitivity to OP

[} L= o ) o =] =] =]

and carbamate than the susceptible
strain. The frequency distribution

of AchE activity in the presence of
Figure 1. Distribution frequency of residual AChE activities of (Propoxur inhibitor) i”propoxur (Figure 1) and paraoxon
the susceptible JS strain, the resistant GBR strain and a field population.
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(Figure 2) revealed that there wa. 37
also a wide range of inhibition and 25 L

. . . DJS
that some individuals \_/vere h(_at- - 0 GER
erozygous for the AchE insensitiv- = .
H population

ity gene. s
Our main goal was to determine  4g
whether AchE insensitivity was g
present in the field populations ol
resistant DBM. If AchE insensitiv- o

L [T D

nm-002 ==

!

0.07~0.08 ==
0.0e-0.10 =

™ - =} o =] i

ity is involved in resistance then this % g % 5 5 ? g ;
biochemical technique can be valu @ n - ®m @ = @ =
able for defecting and monitoring e e o ¢ © &4 o o.o0o
changes in the frequency of resis oL
tant individuals within resistantFigure 2. Distribution frequency of residual AChE activities of (Paraoxon inhibitor) in
DBM populations. the susceptible JS strain, the resistant GBR strain and a field population.
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Pasteur. 1991. Dot-blot test for identifi-  ©f California. J. Econ. Entomol. 86(6):  ment: Proc. <LIntern. Workshop Asian

cation of insecticide-resistant acetylcho- 1645-1650. Vegetable Research and Development
linesterase in single insects. J. Ecoriama, H. 1983. Resistance to insecticides Center, Shanhua, Taiwan. Talekar, N.S.
Entomol. 84: 28-33. due to reduced sensitivity of acetylcho- & T.D. Griggo (eds.) pp. 359-371.

Ferrari, J.A., J.G. Morse, G.P. Georghiou & linesteraseln Pest Resistance to Pesti-Zhenhua, T. & Z. Chengli. 1992. Insensitiv-
Y. Sun. 1993. Elevated esterase activity cides, Georgiou, G.P. & T. Saito (eds.). ity of acetylcholinesterase in resistant dia-
and acetylcholinesterase insensitivity in Plenum, New York, pp. 299-331. mondback moth. Entomol. Sinica. 35(4):

Sun, C.N., T.K. Wu, J.S. Chou & W.T. Lee.  385-391.

Selection for Resistance eas with extremely high levels ofprovince in China. This area has a
in the Cotton Bollworm CBM resistance, we support andBM population with extremely
implement integrated pest managedigh levels of pesticide resistance.

to Insecticide Mixtures ment (IPM) as the best approach to

Cheng Guilin control CBM today. MATERIALS & METHODS

Qingdae Biotic Resistance Institute Presently, cotton growers ac- The highly resistant CBM were
Qingdae 266003 counting for 70% of total cotton collected from the Liaocheng cot-
Liu Zhaogin acreage rely on a single insecticideon area of Shandong Province in
China to control CBM. In China, we rec-China and continuously reared on

ommend that growers routinely mixartificial diet for two years (1993-

Liu Runxi . ..

Chiping Agriculture Technical Station ~ INSecticides for CBM control, but1995) during this study. All CBM
Chiping 252100 we are concerned that we may seadults bioassayed emerged from
China lect for multiresistant CBM. Nev- pupa that weighed more than 380

ertheless, we must recommend mixng.

We have controlled the cottonyres as emergency measures to con-We selected CBM with two se-
bollworm (Heliothis armigera trol CBM. This report comparesries of three insecticides singularly
Hubner) (CBM) with nearly sixty CBM resistance developmentin reand in all possible combinations.
insecticides for over forty years insponse to Sing|e, 2-Component andne series included cyhalothrin
cotton areas of northern China. Thig-component insecticide mixtureQCYH), phoxim (pHO) and par-
intense pesticide reliance has leagfter 20 generations of selectionathion-methyl (PAM). Insecticides
us to classify CBM in these areaghis study was carried out in thewere selected to avoid cross resis-
as low, moderate, high or extremelyaporatory on CBM collected in thetance and represented two pesticide
resistant to pesticides. In these agotton area of Liaocheng, Shandongroups, three chemical types and
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Table 1. Change in resistance of CBM to pesticide mixtures after 20 generations of continuous selection (1993-1995).

LD, (ug/g) (Resistance Ratio)

Component

Pesticide Proportion Base-line E Fio Fis Fy

CYH + PHO + PAM  0.5:9.5:220 0.1539 (1.0) 0.1846 (1.2) 0.2462 (1.5) 0.7233 (4.7) 0.8618 (5.6)
CYH + PHO 0.525.5 0.0458 (1.0) 0.0687 (1.5) 0.1053 (2.3) 0.3664 (8.0) 0.4625 (10.1)
PHO + PAM 2525 0.2049 (1.0) 0.3688 (1.8) 0.635 (3.1) 1.8031 (8.8) 3.0120 (14.7)
CYH + PAM 0.5225.5 0.2570 (1.0) 0.4112 (1.6) 0.6939 (2.7) 2.1588 (8.4) 2.9041 (11.3)
CYH - 0.0387 (1.0) 0.2360 (6.1) 0.4721 (12.2) 0.7778 (20.1) 1.0255 (26.5)
PHO - 0.1504 (1.0) 1.2633 (8.4) 2.2259 (14.8) 3.3998 (24.6) 4.6473 (30.9)
PAM - 0.9217 (1.0) 7.0971 (7.7) 12.816 (13.9) 20.441 (22.2) 26.452 (28.1)

two modes of actions. Howeverfesistance has already been exal application assay recommended
they have been used to control CBNpressed for each insecticide. In eadhy FAO (1980). In each treatment,
in large areas for many years. Thuseries, the effect of 3-componentD_ was used to select fourteen
high resistance and multiple resisinsecticide mixtures is compared t€CBM populations for resistance.
tance are already present in thig-component mixtures and singleThese values were assessed every
CBM population. The other seriesnsecticide treatments. This gave Ufive generations and updated L®
included cyfluthrin (CYF), endosul- a total of 14 pesticide treatmentswere used to select the next five
fan (END) and quinalphos (QUI).All insecticides used were technigenerations. The change in re-
Again, to avoid cross resistance¢al products. sponse for each population to their
these insecticides represented three Fourteen populations of laborarespective insecticide treatment was
pesticide groups, three chemicalory-reared CBM were selected fomioassayed by immersing 4o 5"
types and three modes of actiorR0 generations with one of the pesinstar CBM in insecticide mixtures.
Most growers have not applied thesticide treatments. Baseline suscefMortality was assessed 24 hours
insecticides to control CBM in thetibility of each CBM population was after exposure.

field. However, bioassays and labodetermined prior to selection. Third

ratory efficacy trials indicate CBM instars were selected with the topi-

Table 2. Reduction in efficacy of pesticide mixtures towards CBM after
20 years of continuous selection (1993-1995).

Percent Mortality (24 h)

Number

Pesticides tested F, F F, Fs Fy
30% CYH + PHO + PAM 100 96 96 96 92 89
26% CYH + PHO 100 82 80 77 72 65
50% PHO + PAM 100 56 56 54 50 41
26% CYH + PAM 100 74 71 62 53 47
2.5% CYH 100 21 20 18 10 6
50% PHO 100 34 29 25 19 16

50% PAM 100 37 32 26 20 15
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Table 3. Change in resistance of CBM to pesticide mixtures after 20 generations of continuous selection (1993-1995).

LD, (ug/g) (Resitance Ratio)

Component

Pesticide Proportion base-line E Fio Fis Fy

CYF+END+ QUI  1:14:10 0.0632 (1.0) 0.0695 (1.1) 0.0821 (1.3) 0.1137 (1.8) 0.1390 (2.2)
CYF + END 128 0.0460 (1.0) 0.0390 (1.5) 0.0966 (2.1) 0.2484 (5.4) 0.3359 (7.3)
END + QUI 17:13 0.0079 (1.0) 0.1186 (1.6) 0.3165(2.6) 0.6838 (5.8) 0.8960 (7.6)
CYF + QUI 120 0.0384 (1.0) 0.0652 (1.7) 0.0921 (2.4) 0.1920 (5.0) 0.2726 (7.1)
CYF - 0.0401 (1.0) 0.2646 (6.6) 0.4211 (10.5) 0.6416 (16.0) 0.9022 (22.5)
END - 0.2160 (1.0) 1.1232 (5.2) 1.7938 (8.3) 2.3976 (11.1) 3.1536 (14.6)
QuI - 0.1569 (1.0) 0.8624 (5.5) 1.1446 (7.3) 1.6150 (10.3) 2.5715 (16.4)

RESULTS & DISCUSSION tions ranged from 7.1 to 14.7-foldtures was reduced by 7.3% and 3.1%
Tables 1 and 3 show a gradudlesistance. Meanwhile, the resisfor CYH + PHO + PAM and CYF
increase in the L) of CBM popu- tance levels for single component END + QUI, respectively (Table
lations selected by each insecticid@pplications ranged from 14.6 to5). Mean reduction of efficacy for
treatment over 20 generations i30.9-fold after 20 generations. Re3-component mixtures was 5.2%.
both pesticide series. Table 5 showsjstance ratios among the 2-compcEfficacy reduction among 2-compo-
that the rate of increase for the 3nent mixtures were 2.5 times highenent mixtures was greater than 3-
component mixtures was 5.6-foldhan the 3-component mixtures andomponent and ranged from 13 to
for the CYH + PHO + PAM seriesthe single component application86% with a mean of 21.8%. Effi-
and 2.2-fold for the CYH + END + were 5.9-fold higher. cacy reduction among single com-
QUI series. Mean increase was 3.9- Table 2 and 4 show that mixtureponent mixtures ranged from 25.6
fold for both series. The resistancéfficacy was reduced for all treatto 71.4% and averaged 50.6%.
ratio for 2-component mixtures in-ments after 20 generations of sele@verall, efficacy reduction in 2-
creased much faster than 3-compdion in both pesticide series. Thecomponent mixtures was 4.2%
nent mixtures, and after 20 generegfficacy of the 3-component mix-higher than 3-component mixtures.

Table 4. Reduction in efficacy of pesticide mixtures towards CBM after
20 years of continuous selection (1993-1995).

Percent Mortality (24 h)

Number

Pesticides tested F, R F, Fg Fy

25% CYF + END + QUI 100 98 98 97 95 95
29% CYF + END 100 92 90 86 81 74
30% END + QUI 100 9 88 86 82 77
21% CYF + QUI 100 92 89 86 83 80
5.7% CYF 100 42 35 30 27 14
35% END 100 78 73 68 63 58

25% QUI 100 83 79 74 68 60
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Table 5. Comparison of CBM resistance levels and mixture efficacy of three-component, two-component
and single component mixtures after 20 generations of selection pressure (1993-1995).

Resistance Ratio Pesticide Efficacy
Resistane Average Relative . Average Relative
. . component Ratio? component
Pesticides ratio* increase " o ¢ decrease effect
CYH + PHO + PAM 5.6 7.3
CYH + END + QUI 2.2 31
Three-component 3.9 1.0 5.2 1.0
CYH + PHO 10.1 20.7
PHO + PAM 14.7 26.8
CYH + PAM 11.3 36.5
CYF + PAM 7.3 19.6
END + QUI 7.6 14.4
CYF + QUI 7.1 13.0
Two-component 9.7 2.5 21.8 4.2
CYH 26.5 71.4
PHO 30.9 52.9
PAM 28.1 59.5
CYF 225 66.7
END 14.5 25.6
QUI 154 27.2
Single component 23.0 5.9 50.6 10.0

'LD,, (ug/g) F,{ LD, (Hg/g) Fy
%(1.0 - Efficacy in E/Eficacy in F) x 100

Efficacy reduction in single compo-resistance development. Twentgingle components with minimal
nent mixtures were 10% higher thagenerations of selection for theseross-resistance can delay resistance
3-component mixtures. This datdaboratory strains of CBM is equiva-and improve control of CBM sig-
indicates that a 3-component mixfent to five years of selection fornificantly better than 2-component
ture is significantly better than 2-field populations. mixtures and single component in-
component mixture and far better In conclusion, a 3-componentsecticide sprays.

than single insecticides in reducingnixture of insecticides made up of
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Selection of Colorado susceptible instar survived. How<oliage and allowed to move and
. ever, resistant second instar larvageed freely. After 96 h exposure to

Potato Beetle Resistant to experienced less than 50 % mortakransgenic foliagesurviving larvae
CrylllA on ity. A comparison of mortality for were transferred to regular potato
Transgenic Potato Plants adults fed for two weeks onfoliage in rearing cages until they
transgenic plants indicated that sugpupated. The emerged adults (T1

Utami Rahardja DiCosty & Mark E. ceptible adults could not survive,generation) were maintained and
Whalon while the resistant beetles experiallowed to move, feed and lay eggs
B11 Pesticide Research Center d IV 250 talit .

Michigan State University enced only o mortality. on caged transgenic potato plants.
East Lansing, Ml 48824-1311 This study was followed by an-The progeny from T1 (T2 genera-
United States other that selected Colorado potateion) were treated similarly on

beetle larvae and adults with comtransgenic plants.

Developments in insect-resistanmercially available transgenic po- The larval selection experiment
plants should provide more effectato plants containing Crylll&-en- was initiated by exposing larvae
tive, less costly, and more environdotoxin. TheColorado potato beetle (480 first instar, 179 second instar
mentally attractive pest control tharstrain used for the experiment waand 60 third instar) to transgenic po-
pesticide applications. Field expres700-fold resistant to CrylllA-en- tato foliage. No neonates survived
sion of theBacillus thuringiensi®-  dotoxin and was maintained in outhe selection (Table 1) while suc-
endotoxin genes in transgenic plant&boratory at 25 + 2°C and 16:8 hcessive larval stages did survive at
has been an effective mean to sudk:D) photoperiod. The origin andprogressively higher percentages.
press insect pest populationsnaintenance of both susceptible antihe number of beetles that emerged
(Adanget al. 1987, Fischhofét al. resistant strains were described eags adults from selection of second
1987, Vaeclet al. 1987, Delannay lier (Whalonet al. 1993, Rahardja and third instars was 1 (< 1%) and
et al. 1989). However, the recent& Whalon 1995, Trisyono & 7 (~10%), respectively. The aver-
discovery that several importanWWhalon 1997). age number of egg masses produced
species of insect pests, including Transgenic Russet Burbank poby each surviving female was 28+16
Colorado potato beetle, have théato petioles (5 leaflets) were inwhich is in agreement with the fe-
capacity to evolve resistanceBo serted into 2-ml vials filled with cundity of the resistant strain re-
thuringiensisd-endotoxins raises water, and transferred to individuaborted by Trisyono & Whalon
questions regarding the long-ternpetri-dishes (15 cm diameter)(1997). Egg viability (65%) was
durability of this bio-pesticide in- Twenty larvae were placed on eaclower than that observed in conven-
secticide in pest controlleafand held at 25 +2°C and 16:8 fionally selected Colorado potato
(McGaughey & Whalon 1992).(L:D) photoperiod in a growth beetles (98%, Trisyono & Whalon
Therefore, insect resistance will behamber. Foliage was checked997). From 1,313 larvae fed on
a critical consideration a8. daily and water replenished asransgenic plants, only 12 adults sur-
thuringiensisd-endotoxin applica- needed. Larvae were placed on thgved. Of these adults, nine were
tions (transgenic plant releases or
conventional d-endotoxin sprays)

increase. Without caution and a Table 1. Number or individual Colorado potato beetle stages

wise resistance management pro- (neonate, second and third instar) selected with commercial

gram, the effectiveness d. transgenic potato plants.

thuri.ngiensisé-endotoxin will be #ond  #3rd  #4th  # Adut

lost in only a few years. Stage instar  instar  instar  emerged
A recent study (Wierenga 1997) selcted g \vived sunvived survived

determined the stage-specific mor-

tality of Colorado potato beetle ex- Neonate 480 0

posed to transgenic potato plants Second

containing theB. thuringiensis Instar 179 127 124 28 1

CrylllA gene. When the larvae

were fed on transgenic plant for 96 Third Instar 60 42 18 7

h, less than 2% of first and second
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females and three were males and REFERENCES Rahardja, U. & M.E. Whalon. 1995. Inher-
they produced 18 egg masses. Nomelang, M.J., J. Firoozabady, J. Klein, D. itance of resistance toBacillus

of the eggs produced by these adults DeBoer, V. Sekar, J.D. Kemp, E. Murray, thuringiensisCrylllA d-endotoxin in
T.A. Rocheleau, K. Rashka, G. Staffeld, Colorado potato beetle (Coleoptera:

were viable. :
. . C. Stock, D. Sutton & D. J. Merlo. 1987.  Chrysomelidae). J. Econ. Entomol. 88:
This experiment demonStrated Expression of a@acillus thuringiensis 21-26.
that laboratory selected, highly re- insecticidal crystal protein gene in tobaccdTisyono, A. & M.E. Whalon. 1997. Fitness
sistant beetles could survive on B.t plants. Pp. 345-353n UCLA Sympo- costs of resistance toBacillus

transgenic plants for a short period siulrr;é)anloleclular and cellt;lar biology, Ef(]zurlingiensisirér(]:oloradtl)dpot;itoneIEetle

. . vol. 48, Molecular strategies for crop pro- oleoptera: Chrysomelidae). J. Econ.
of time. If alternative host p.Iants tection. Alan R. Liss, Ing(]:., New Yoprlf. Entomol. 90: 267-271.
(horsenettle or non-transgenic POpelannay, X., B. La Vallee, R. Proksch, RVaeck, M., A. Reynaerts, H. Hofte, S.
tato) were encountered after selec- Fuchs, S. Sims, J. Greenplate, P. Marrone, Jansens, M. De Beukeleer, C. Dean, M.
tion, beetles could survive. Con- R.Dodson,J. Augustine, J. Layton & D.  Zabeau, M. Van Montagu & J. Leemans.
versely, successive generational Fischhoff. 1989. Field performan_ce of _1987. Transgenic plants protected from

. transgenic tomato plants expressing the insect attack. Nature 328: 33-37.
eXposuref or continuous exposure to Bacillus thuringiensisar.kurstakinsect Whalon, M.E., D.L. Miller, R.M.
transgenic plants resulted in 100% control protein. Science 7: 1265-1269.  Hollingworth. E.J. Grafius & J.R. Miller.
mortality of this resistant strainFischhoff, D.A., K.S. Bowdisch, F.J. Perlak, 1993. Selection of resistant Colorado
within three generations. The adults P.G. Marrone, S.H. McCormick, J.G. pch]tato Idbe)etle | (Coleoptera:
. . Niedermeyer, D.A. Dean, K. Kusano- Chrysomelidae) tBacillusthuringiensis

from the thlr_d (IaSt) g_eneratlon fed Kretzmer, E.J. Mayer, D.E. Rochester, J. Econ. Entomol. 86: 226-233.
on transgenic plant did not produce s . Rogers & R.T. Fraley. 1987. InsecWieringa, J.M., D.L. Norris & M.E. Whalon.
any viable eggs. We do not know tolerant transgenic tomato plants. Bio/ 1996. Stage-specific mortality of Colo-

whether mating did not occur, Technology 5: 807-813. rado potato beetle (Coleoptera:
sperm were infertile or eggs Weré\/chaughey, W.H. & M.E. Whalon. 1992.  Chrysomelidae) feeding on transgenic
. Managing insect resistance Bacillus potato. J. Econ. Entomol. 89:1047-1052
non-viable. thuringiensi®>-endotoxins. Science 258:
1451-1455.

e were more toxic to the mirid thgn  this country and insect pest manage-
Susceptlk_n!lty of the _ HCH. Anincrease in the LJval- mentin cocoa relies or?insecticid?as
Cocoa Mirid, Helopeltis  ues over ten years indicates impencs one of the main features (Chung
theivoraWaterhouse, to  ing resistance in this mirid. Time-& Wood 1989, Ho 1994). Wide-
y—H CH, Cyp ermethrin response bioassays Wi'Fh synergisajreaq use of insecticides _has lead

. suggest that 1) penetration may playo resistance development in many
and Deltamethrin a role in the susceptibility of theinsects. Prudent insecticide use in
mirid to y-HCH, 2) microsomal cocoa must be taken seriously as
monooxygenases play a role in theesistance problems in mirids may

Rita Muhamad & Dzolkhifli Omar metabolism or detoxification of thearise (Dzolkhifliet al 1986). Liew

Department of Plant Protection, Faculty

of Agriculture pyrethroids, and 3) that conjugatioret al. (1992) and Ho (1994) have
Universiti Pertanian Malaysia is not the major route for metaboshown degrees of tolerance between
43400 UPM Serdang, Selangor lism of these insecticides. populations of the cocoa mirid and
Malaysia possible development of resistance
INTRODUCTION toy-HCH. These mirid populations

Abstract. The susceptibilities The mirid, Helopeltis theivora show no resistance to the synthetic

?Jegcgraczg?nasrgg;jﬁ:elé)tglzlr:;or Waterhouse is one of the key pestgyrethroids. Thls paper dgscribes
Malaysia to g-HCH cyé)ermethrin’ of cocoa in Malaysia. This mirid 1) the susceptibility oH. th_elvora
and deltamethrinwére evaluated infeeds predominantly on cocodo y-HCH', cypermethrin and
the laboratory by time-responseChere”es and pods, and causes sedieltamethrin; and 2) the effect of
and topical application technigues ous crop damage or loss durin@yne'rglst' plperonyl butoxide and

. ~'cherelle stage (Muhamad & Waymaleic acid diethyl ether on the tox-
Cypermethrin and deltamethrin

1995). Cocoa is grown widely inicity of those insecticides.
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MATERIAL & METHODS
Insect Colony
The cocoa mirids were collected

Table 1. A reduction in susceptibility of field-collected
Helopeltis theivorao y-HCH, 1982 to 1992.

from Serdang, Selangor, Malaysia Yeafd Slope +- SE s FuldiCia| fimit (min)
and cultured with the technique de- teste (min) ower-upper
scribed by Muhama(_j & Khoo 1982 4.82 +/- *na 63.0 *na
(1983). Fourth and fifth instars

from the E generation were used in 1985 5.32 +/- 0.64 72.3 64.2 - 80.0
all experiments. 19092 4.41+-045  94.2 86.9 - 101.9

Chemicals
Technical grades gfHCH (99%
a.i.), deltamethrin (99.5% a.i.) andmicroapplicator (Burkard Manufac-mirids tested) and median lethal
cypermethrin (50% a.i.) were useduring Co. Ltd.). We used five dose (LQ}) were obtained for the
to prepare stock solutions. The symaymphs per replicate and a minimirids.
ergists piperonyl butoxide (PB) andnum of 3 replicates per treatment.
maleic acid diethyl ether (MADE) The mirids were placed in a con- RESULTS & DISCUSSION
were obtained from Aldrich andtainer with cocoa pod slices. Wwith the time-response tech-
Sigma, respectively. The stock soNymph mortality was recorded 24nique, the values forHCH deter-
lutions for time-response bioassay later. With a similar procedure,mined for 1982, 1985 and 1992
were prepared in olive oil. In thethe insecticides with and withoutwere 62 min, 72 min and 94 min,
topical application bioassay, soluMADE were applied to nymphs. respectively (Table 1). Even though
tions of the insecticides and synerMortality was recorded 72 h later. the increase in the |.Tvalues was
gists were prepared in acetone. Data were subjected to probityot much, it showed increasing
analysis (Finney 1971) with a probitmirid tolerance toi-HCH and im-
Bioassay technique program (S103, Statistical Reseal’Cbending resistance in the cocoa
We used the technique recomService, Canada Dept. of Agricul-mirids toy-HCH. The LT, values
mended by the FAO for detectingure, 1986, unpublished). The meof cypermethrin and deltamethrin
cocoa mirid resistance to insectidian lethal exposure time (L T= for 1982 and 1985 were not deter-
cides. Insects were exposed to @me required to knockdown 50%mined. These pyrethroids became
single insecticide concentration

*na = not available

(Busvine 1980). Earlier studies
(Muhamad & Dzolkhifli 1996)
showed that this technique is rapid,
simple and requires few insects.
Ten mirid nymphs were placed in
plastic cylinders lined with treated
filter paper (12 x 15 cm) and knock-
down was recorded at 20 minutes
intervals. Knockdown occurred
when nymphs failed to cling to the
filter paper. In the controls, mirids
were exposed to the filter papers
treated with the carrier solvent
(Dzolkhifli et al.1986). There were
five replicates per treatment.

Mirid susceptibility to the insec-
ticides was further tested by topical
application. The insecticide (0.6 ml/
nymph), with or without PB, was
applied with an Arnold

Table 2. Toxicity of y-HCH, cypermethrin and deltamethrin and
synergism by piperonyl butoxide (PB) on the mikt theivora
The insecticides with or without PB were tested with topical
application bioassay.

LD Fudicial imit

Treatment 50 RP* SR
(ng/nmph) lower - upper
y-HCH alone 26.7 18.4 - 62.9 -
+ PB 7.44 2.83 - 40.19 3.6

cypermethrin alone 2.52 1.26 - 5.29 10.6

+ PB 0.33 0.15-0.16 7.6
deltamethrin alone 2.58 1.39 - 4.03 10.3

+ PB 0.32 0.16 - 0.54 8.1

*RP: Relative potency = (LDof y-HCH)/ (LD, or pyrethroids)
**SR: Synergism ratio = (LD of insecticide alone)/ (L[yof
insecticide + PB)
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a widely used alternative teHCH deltamethrin (RP = 24) tg-HCH
(Table 3). Currently, cypermethrinHCH. Muhamad and Dzolkhifli

Through topical application, theand deltamethrin are the recom(1996) showed that the topical ap-
of mended insecticides for the miridplication bioassay was more sensi-

in the mid-eighties.

relative

ResISTANT PEsT MANAGEMENT

Table 4. Effect of synergist piperonyl butoxide applied
topically on the L], of y-HCH, cypermethrin and detamethrin
of H. theivora

Teame P
y-HCH alone 94.2 86.9 - 101.9

+ PB 50.3 46.9 - 53.8 1.9
cypermethrin alone 584.1 5445 - 631.7

+ PB 81.8 75.3-88.2 7.1
deltamethrin alone 142.2 132 - 153.9

+ PB 67.1 63.9-70.4 2.1

*SR: Synergism ration = (LDof insecticide alone)/ (L[ of
insecticide + PB)

potency (RP)

cypermethrin and deltamethringo control (Ho 1994).

HCH was determined.

Vol. 9, no. 1

This low value indicated that mi-
crosomal monooxygenase may not
play an important role in the me-
tabolism ofy-HCH. However, we
argue that the uptake of g-HCH
through insect cuticle was not very
efficient. Thus, only a minor pro-
portion ofy-HCH was able to enter
through the insect cuticle and sub-
jected to the microsomal
monooxygenases. Further evalua-
tion by topical application of-
HCH, with and without PB, (Table
2) gave a synergistic ratio of 3.6.
The increase indicated that penetra-
tion may play some role on the sus-
ceptibility of the mirid toy-HCH.
The increase also showed that mi-
crosomal monooxygenases may be
important in the metabolism gf

tive in detecting resistance in mirids

Both Table 4 shows the effect of synthan the time-response technique.

cypermethrin and deltamethrin arergist PB applied topically followed =~ More than 7-fold synergism of

more toxic (about 10 times) thgn by time-response bioassay on thEB on

cypermethrin  and

HCH (Table 2). Based onthe LD LT values of-HCH, cypermethrin deltamethrin was observed in both
values after 72 h, cypermethrin waand deltamethrin. The synergisticploassay technlqu'es'wnh th_e excep-
more potent (RP = 52) compared toatio observed fop-HCH was 1.9. tion of deltamethrin in the time-re-

Table 3. Toxicity of y-HCH, cypermethrin and deltamethrin and
synergisms by maleic acid diethyl ether (MADE) to the rhiid
theivora The insecticides with or without MADE were tested
with a topical application bioassay.

Treatment 72 h LR (ng/ nymph) ~ RP* SR**
y-HCH alone 6.14 -

+ MADE 4.55 1.3
cypermethrin alone 0.12 51.2

+ MADE 0.17 0.7
deltamethrin alone 0.26 23.6

0.46 0.56

*RP: Relative potency = (Lpof y-HCH)/ (LD, or pyrethroids)

**SR: Synergism ratio = (LD of insecticide alone)/ (L[yof
insecticide + MADE)

sponse bioassay (Tables 2, 4 and 5).
These results indicate that microso-
mal monooxygeneses play an im-
portant role in the metabolism or
detoxification of cypermethrin and
deltamethrin.

When the mirids were treated
with synergist MADE, the synergis-
tic ratios for all the toxicants tested
were found to be very low for each
insecticide tested (Table 3).
Cypermethrin and deltamethrin
show synergistic values of less than
1.0 indicating an antagonistic effect.
These results indicate that conjuga-
tion is not the major route for the
detoxification of the toxicants
tested.

Cypermethrin and deltamethrin
are more toxic to the mirid than
HCH. The metabolism of these in-
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secticides by microsomal The authors_ would like to thank zl(;mTcﬁgosaerfg%o;gfgﬁmar Malay-
monooxygenases appears to bidaslina M. Ali, R. Asmawati R. |jew, v.K.. 0. Dzolkhifli & R. Muhamad.
more important than conjugationMahmud and Nina A. Malek for 1992. Susceptibility oHelopeltis
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Synergistic Suppression thetic pyrethroids in field popula-sulted in the development of insec-
of Fenvalerate Resistance tions ofH. armigerawas reported ticide resistance through multiple
. . . from several locations in Indiaresistance mechanisms iH.
In F_Ield POpUIatIC_mS O_f (Pasupathy & Regupathy 1994armigera populations from Tamil
Helicoverpa armigeran  armeset al. 1992). Physiological Nadu (Armest al. 1994). As part
Tamil Nadu and biochemical mechanisms reef a regular program to monitor re-
sponsible for pyrethroid resistancesistance in field populations &f.
A. Regupathy, T. Manoharan, G. Asokan are: 1) slower rate of pesticide penarmigera the detoxification mecha-

& R.P. Soundararajan etration through cuticle; 2) an enisms were examined with pesticide
Department of Entomology

Tamil Nadu Agricultural University hanced rat(_e in pesticiQe metfabolisraynergists.
Coimbatore - 641 003 through mixed function oxidases
India (MFOs), esterases, or both enzymeMATERIAL &METHODS

systems. Selection pressure through H. armigeralarvae, collected
N.J. Armes ; ; : : . .
, unrestricted and inappropriate applifrom the field, were reared on semi-
Natural Resource Institute . . .. - ul )
Chatham Kent Me4 4TB cations of insecticides may have resynthetic diet in 12-well tissue cul-
United Kingdom

Table 1. Synergist suppression of fenvalerate resistance in
INTRODUCTION H. armigera Fenvalerate topicaly applied at rate of 0.2
The cotton bollworm, pg/larva.

Helicoverpa armigeradubner, is a
serious polyphagous noctuid that
damages a number of crops in Tamil
Nadu, India. In cotton, there has Fenvalerate - 4545 76.6
been an increase in synthetic pyre-
throids applied to controH. FEN + PBO  S0ug 5193 22.7
armigera since it displaced FEN + PP 2519 4891 30.4
Spodopteraand Earias spp. as the
key pest species. Resistance to syn- FEN + PRF  0.lug 4603 66.8

Synergist No. of larvae Percent
rate dosed survival
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ture plates. Trays with eggs and lar-
vae were kept at 25 + 2°C. The lar-
vae were sorted and 30-40 mg lar-
vae were placed in separate tissue
culture plates for bioassays. Dis-
criminating doses of fenvalerate
were topically applied with a
Hamilton microsyringe to the tho-
racic dorsum of larvae reared on
synthetic diet. Each larvae was ob-
served for mortality every 24 h up
to 144 h. Percent survivorship
(number of dead larvae/ number
dosed* 100) was calculated and
expressed with a standard error (P
* 100-P/ n-1}?where P = % larvae
surviving a discriminating dose and
n = total number of larvae tested.
The following discriminating doses
in 1.0 ml solution were applied per
larva.

1. Fenvalerate 0.2 mg/ml

2. Fenvalerate 0.2 mg + Pipero-
nyl butoxide (PBO) 50 mg/ml

3. Fenvalerate 0.2 mg +
Propargyloxphthalimide (PP) 25
mg/ml

4. Fenvalerate 0.2 mg +
Profenofos (PRF) 0.1 mg/ml

RESULTS & DISCUSSION

The resistance to fenvalerate was
prevalent throughout the observa-
tion period (June 1994 to July 1995)
with survival as high as 90%. There
was some seasonal fluctuations in
resistance with the lowest level ob-
served during April and May, 1995
(56.4 and 53.1%, respectively) (Fig.
1).

PBO suppressed fenvalerate re-
sistance by 48 to 91% with a mean
of 70.3%. The suppression of
fenvalerate resistance by
propargyloxphthalimide (PP) was
similar to PBO. This suggests that
the synergists affect a similar resis-
tance mechanism (Table 1). Syn-
ergism between piperonyl butoxide
and fenvalerate present in this study
is similar to that in the diamondback
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. McCaffery, A.R., A.B.S. King, A.J. Walker
moth, Plutella xylostella L. tato beetle, Leptinotarsa & H. El-Nayir. 1989, Resistance to syn-

(Viroponget al 1988). The syner- decemlineatgSay) (Silcoxet al. thetic pyrethroids in bollworntieliothis
gistic activity of PBO and PP may1985). armigerafrom Andhra Pradesh, India.
be attributed to inhibition of mi-  The toxicity of several insecti- Pestic. Sci 27: 65-76.

crosomal oxidation by cytochromecides is limited by detoxifying oxi- F2supathy. S. & A. Regupathy. 1994. Sta-
tus of insecticide resistance in the Ameri-

P-450. dases, esterases and other enzyme, polwormHelicoverpa armigera

The suppression of fenvaleratesystems in resistant insects. EnN- Hubner in Tamil Nadu. Pestic. Res. J
resistance by PRF was 6.4 to 40.4%yme inhibitors may enhance the 6(2): 117-120.
with a mean reduction of onlypotency of insecticides in these insaito, K., N. Motoyama & W.C. Dauterman.

. . 1992. Effect of synergists on the oral and
0
14.5%. The highest suppressiosects. topical toxicity of azamethipos to orga-

level of fenvalerate resistance by nophosphate resistant houseflies (Diptera:
profenofos was observed during REFERENCES Muscidae). J. Econ. Entomol. 85(4):
November 1994 and May 1995Armes, N.J., S.K. Banerjee, K.R. DeSouza, 1041-45.

. . . D.R. Jadhav, A.B.S. King, K.R. Kranthi, Sj idi
(Flgure 2)_ These synergist bioas- aanav, Ing, rantni, Silcox, C.A., G.M. Ghidiu & A.J. Forgash.

) A. Regupathy, T. Surulivelu & N. 1985, Laboratory and field evaluation of
says suggest that the predominant vengopal Rao. 1994. Insecticide resis- piperony! butoxide as a pyrethroid syner-

mechanism involved is mixed func- tance inHelicoverpa armigerdn India: gist against the Colorado potato beetle
tion oxidases (MFOs) not esterases. Recent developments. Brighton Crop  (Coleoptera: Chrysomelidae). J. Econ.
McCafferyet al. (1989) found lev- Protection Conference - Pests and Dis- Entomol. 78: 1399-1405.

. . eases. Pp. 437-442. Sparks, T.C. & R.L. Byford. 1988. Pyre-
els of fenvalerate resistance 1  armes, N.J., D.R. Jadhav, G.S. Bend & throid synergist mixtures: Toxicity, re-

armigeraalso. The synergistic ac-  A.B.S.King. 1992. Insecticide resistance  sistance and field efficacy toward pyre-
tivity of PBO with synthetic pyre-  in Helicoverpa armigeran South India.  throid resistant hornflies (Diptera: Mus-
throids was demonstrated with Pestic. Sci. 34: 355-364. cidae). J. Econ. Entomol. 81(6): 1567-74.
. . Ish l., A. El K.R. Si Ascher &vj i i
Tribolium cataneum(Herbst) shaaya, 1., sner, Imon Ascher &Viraprong, N., T. Miyata & T. Saito. 1988.

Ish | 1983) h fi J.E. Casida. 1983. Synthetic pyrethroids: Cross resistance and synergism in
(Ishaayaet al. ), houseflies  Toxicity and synergism on dietary expo-  fenvalerate resistant diamondback moth,

(Saitoet al.1992), horn flies (Sparks  sure ofTribolium castaneunfHerbst) Plutella xylostellaL.). J. Pestic. Sci. 14:
& Byford 1988), and Colorado po- larva. Pestic. Scil4: 367-372. 203-209.

Tobacco Budworm cypermethrin, have been usedariability in larval resistance or
Response to Pyrethroid  widely to control the tobacco bud-susceptibility. Toxicity of nine
. : . worm, Heliothis virescengF.), on pyrethroids was also determined for
Insecticides in the_Wmter cotton in the Winter Garden Areaa susceptible laboratory strain. This
Garden Area and in the  gouth Texas and in the Lower Ridaboratory strain was maintained in

Lower Rio Grande Grande Valley that runs from southsolation for two decades. Eggs or
VaIIey Texas, USA to Tamaulipas, Mexicolarvae collected from each field lo-
In the Lower Rio Grande Valley, cation were separately reared to
A. Wolfenbarger budworm toxicity to permethrin andadults, allowed to mate and produce
Entomologist fenvalerate was first determined byrogeny. LD, values were deter-
> Calle Cenizo Daviset al. (1975) and Hardingt mined by topically applying insec-
rownsville, TX 78520 O ..
United States al. (1977). The toxicity of ticides to larvae (15 to 28 mg)
cypermethrin and cyfluthrin to this(Daviset al. 1975, Wolfenbargest
Jesus Vargas-Camplis insect was determined byal. 1989). Mortalities were deter-
INAFAP Wolfenbargeret al. (1982). mined 48 or 72 h post-treatment.
gm.eo Carretera a Reynosa Differences in LQs were indicated
io Bravo, Tamaulipas 50 .
Mexico MATERIALS & METHODS when 95% confidence intervals (C.
The initial toxicity of !)didnotoverlap, orwhenanLp
INTRODUCTION cypermethrin and five other pyre-value was greater than 1.0. [®

For the past two decades, pyrethroids against field-collected bud-were determined in 1983, 1985 to
throid insecticides especiallyworms was conducted to determind988 and 1990-1991 on larvae from
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Table 1. Insecticide toxicity ({g/larva after 48 or 72 h) against a laboratory strain of
tobacco budworm.

Number

Insecticide treated Slope + SE LR,  (95% Confidence Level)
Cypermethrih 740 2.40 + 0.38 0.01 (0.004 - 0.019)
Permethrih 1130 3.05 +0.25 0.003 (0.0004 - 0.019)
Zeta Cypermethrin 637 0.86 + 0.10 0.002 (0.001 - 0.003)
Cyfluthrir® NA NA 0.003 NA
A-Cyhalothrin 140 1.73 + 0.33 0.006 (0.003 - 0.013)
Deltamethrit NA NA 0.001 NA

Bifenthrin 122 1.84 + 0.66 0.017 (0.005 - 1.32)
Fenvalerate NA NA 0.011 NA
Esfenvalerate 247 1.12 + 0.27 0.018 (0.005 - 0.055)

Determined in 1976 and 1980.

2Determined in 1974, 1978 and 1979.

*Taken from Wolfenbarger and Harding (1982).
“Taken from Hardingt al. (1977).

NA = Not available.

the Winter Garden Area, 1979-198&ifenthrin, esfenvalerate and zetaypermethrin ranged from 0.014 to
and 1991-1992 on larvae from theypermethrin (LR, = 0.003 mg/ 0.15 from 1979 to 1988
Lower Rio Grande Valley, Texaslarva) (Wolfenbargeet al. 1982). (Wolfenbargeet al.1982, Staetet
and from 1991-1993 and 1995 onn 1975, the LD, for fenvalerate al. 1988, Staetet al.1989). How-
larvae from the Lower Rio Grandewas 0.011 pg/larva for a laboratorgver, a LR, of 1.22 pg/larva for
Valley in northeast Tamaulipas,strain (Wolfenbarger & Harding cypermethrin was determined for a
Mexico. 1977). Meanwhile, esfenvalerateyopulation sampled in 1993 from
was the least toxic pyrethroid testedotton near Matamoros, Mexico
RESULTS against the susceptible strain ([,D (Table 3). We estimate that this
In 1974, the LD, for permethrin = 0.018 mg/larva) (Table 1).population was 87-fold resistant to
was 0.000097 pg/larva (Dawsal. Deltamethrin was the most toxiccypermethrin and statistically dif-
1975) in the susceptible laboratorynsecticide tested against this straiferent from any other L[} value
strain, while in 1974, 1978 and 19794LD,, < 0.001 mg/larva) (Table 1).determined over a 15-year period.
the LD,, was 0.0028 mg/larva There was a 30-fold difference be- In 1992, cypermethrin LD val-
(Table 1). This 29-fold differencetween the highest and lowest [ D ues from ten populations of bud-
indicates variation in strain suscepvalues for this susceptible strainworm from the Lower Rio Grande
tibility. LD, s of permethrin and We consider this to be range of/alley ranged from 0.066 to 0.78
cypermethrin were statisticallyvariation in susceptibility. ug/larvae (Table 2). Three L[S
similar (Table 1). Zeta LD, values for six pyrethroids were within the C. I. values for
cypermethrin, the most toxic isomewere determined from 23 field col-cypermethrin determined between
of cypermethrin, was significantly lections of budworm in the United1979 and 1991 while the other five
more toxic to budworm thanStates and Mexico (Tables 2 - 4)LD, s were greater than any inter-
cypermethrin (Table 1). CyfluthrinLD,, values varied from year toval from previous years. In 1995,
was equally toxic to budworm asyear. For the Lower Rio GrandeLD_s were determined from three
permethrin, cypermethrin,Valley, Texas, LRs for additional budworm populations
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Table 2 Toxicity (ug/larva after 72 h) of various insecticides against larvae of the tobacco budworm. Lower Rio
Grande Valey, TX, U.S.A. and Mexico. 1992.

Location Insecticide ’:Irzr;tbe zr Slope + SE LD, (95(?”; RTI;]I ence
Brownsville Cypermethrin 143 1.39 + 0.23 0.066 (0.045 - 0.10)
La Blanca (Field 1) Cypermethrin 188 0.91 + 0.30 0.40 (0.1 - 33.67)
Fenvalerate 90 1.12 +0.31 0.87 (0.06 - 3.25)
La Blanca (Field 2) Cypermethrin 183 1.37 + 0.20 0.076 (0.051 - 0.12)
Bifenthrin 85 2.09 + 0.40 0.068 (0.046 - 0.098)
La Blanca (Field 3) Cypermethrin 209 -0.24 + 0.09 0.41 (0.016 - 341.74)
Cyfluthrin 174 1.08 + 0.23 0.19 (0.079 - 0.48)
Cypermethrin 68 0.20 + 0.13
La Blanca (Field 4) Cypermethrin 209 0.20 + 0.09
La Blanca Cypermethrin 87 0.83 + 0.15 0.78 (0.31 - 2.15)
San Perlita Cypermethrin 164 0.58 + 0.25 0.67 (0.12 - 4.59)
Rio Bravo (June %) Bifenthrin 149 1.22 +0.21 0.055 (0.036 - 0.088)
Cypermethrin 253 1.83 + 0.22 0.19 (0.15 - 0.25)
Rio Bravo Fenvalerate 83 0.93 + 0.40 0.24 0000( -0000)
Bifenthrin 192 1.30 + 0.20 0.014 (0.009 - 0.019)
Cypermethrin 279 0.56 + 0.10 0.086 (0.044 - 0.17)
Valle Hermosé Esfenvalerate 321 0.62 + 0.09 0.017 (0.0083 - 0.029)

INormanet al. (1993).
2Vargas-Camplis & Teran-Vargas (1993).

Table 3. Toxicity of cypermethrin (pg/larva after 72 h) against tobacco budwom. Lower
Rio Grande Valey, Tamaulipas, Mexico. 1993 and 1995.

Location Year '_\lrruerg?gdr Slope + SE LR, (95°f:ntce fVT; ence
Matamoros 1993 1.22

1995 542 1.47 + 0.25 0.18 (0.11 - 0.44)
San Fernando 1995 89 2.77 £1.03 0.41 (0000 - 0000)
Rio Bravo 1993 0.37

1995 96 1.96 + 0.45 0.16 (0.11 - 0.34)

Nargas-Camplis & Wolfenbarger (1994).
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Table 4. Toxicity of pyrethroids (ug/larva after 48 h) against tobacco budworm. Winter
Garden Area, Uvalde, TX. 1990-1991.

Year Insecticide '_\ll_rlgg?:(; Slope = SE LD, (950/|omce: RT; ence

1990 Cypermethrin 83 1.61 £ 0.37 0.081 (0.049 - 0.10)

1991 Cypermethrin 228 0.58 + 0.11 0.035 (0.0067 - 0.088)
Esfenvalerate 301 0.59 + 0.076 0.049 (0.015 - 0.11)
Permethrin 316 0.47 £ 0.062 3.83 (1.83 - 9.47)

were sampled in the Lower Rio CONCLUSIONS 1988. PEG-U$leliothis virescensesis-

Grande Valley. These C.l.s ranged We conclude that87% (20 of 23  tance monitoring program-1987: Topi-
from 0.16 to 0.41 pg/larva (Tab|eLDsoS) of populations sampled were  cal results with cypermethrin. Proc. Cot-

3) and overlapped with the five highOt resistant to any of the pyrethroid ?3“9'%?? Research and Control Conf. Pp.
LD, s found in 1992. The L of [Nsecticides in the Winter Gardeng, .. "c's' \ o Rivera, SL. Riley, 1A

all pyrethroids tested against Lowef\réa and the Lower Rio Grande \yatkinson, J.R. Whitehead, R.J. Blenk,
Rio Grande Valley strains wereValley. Larvae sampled near H.D. Freese, D. Ross, D.E. Simonet &

greater than those for the laboratordlatamoros and treated with JW.Mulins. 1989, PEG-USeliothis

1 ermethrin in 1993 and larvae virescen$esista.nce.monitoring program-
strain. There were no clear patternsYP 1988:  Monitoring results with

in relative toxicity between theseSampled near the_Wimer Gard?n cypermethrin. Proc. Cotton Insect Re-
pyrethroids to these budworm popué\réa and treated with permethrinin - search and Control Conf. Pp. 199-201.
lations. 1986 and 1991 may be resistaniargas-Camplis, J., D.A. Wolfenbarger &

Cypermethrin LQ values Thus, resistant populations of to- A.P. Teran-Vargas. 1993. Tobacco bud-
0

. worm: current resistance level to insecti-
among budworm populations colbacco budmoth can be found in the cides in northern and southern

lected in the Winter Garden Area/Vinter Garden area of South Texas Tamaulipas, Mexico. Proc. Cotton Insect
ranged from 0.013 to 0.34 ug/|arv('§ll’ld the Lower Rio Grande Valley Researchand Control Conf. Pp. 784-785.

between 1983 and 1988 (Staetz in South Texas and Tamaulipasyargas-Camplis, J. & D.A. Wolfenbarger.

; 1994. Status of tobacco budworm popu-
al. 1988, Staetet al 1989). Broad Mexico. lations in the Tamaulipas cotton region.

overlaps in C.I. indicate that this is Proc. Cotton Insect Research and Con-
a range of susceptibility. In 1986, . J%EEF%ENEE%Q & DA trol Conf. Pp. 1176-1178.
pyrethroid LD, values ranged from Woifer.\ba.rger..l A -~ Wolfenbarger, D.A., J.A. Harding, D.F.

. 1975. Activity of a syn-  ciower, G.A. Herzog & J.R. Bradley, Jr.
0.018t0 1.12 mg/larva in these bud-  thetic pyrethroid against cotton insects. J. 1ggg’ ',I'oxicity of isgmers of fenvalg’rate

worm populations (Sparkst al. Econ. Entomol. 68: 373-374. and fluvalinate against boll weevil (Co-

1988). Deltamethrin was the mosbavis, J.W., Jr., D.A. Wolfenbarger & J.A. jeoptera: Curculionidae) and tobacco bud-

toxic pyrethroid and permethrin the Harding: 1977, Activity of several syn- — worm (Lepidoptera: Noctuidae) in the
least toxic. In 1991 permethrin was thetic pyret_hrmds against the boll weevil laboratory ancHeliothis species (Lepi-
: P andHeliothis spp. Southw. Entomol. 21 gontera: Noctuidae) in field tests. J. Econ.

again the least toxic and nearly 164-169. Entomol. 82: 52-57.
1,400 higher than the LDof the Harding, J.A., F.R. Huffman, D.A. wpoifenbarger, D.A. & J.A. Harding. 1982.

laboratory strain (Table 4). These Wolfenbarger & J.W. Davis, Jr. 1977.  Effects of pyrethroid insecticides on cer-

- Insecticidal activity of alpha-cyano-3-  t5in insects associated with cotton.
L_Dt50 valutes md|ca:re] _bUd\I’BVO;m re- phenoxybe_nzyl pyrethroids against the  goythw. Entomol. 7(4): 202-211.
sSistance 1o permetnrin. Budworm boll weevil and tobacco bwaorm-Wolfenbarger, D.A., JA. Harding & J.W.

populations in this area appear to be Southw. Entomol. 2: 42-45. Davis, Jr. 1977. Isomers of (3-
more susceptible to bifenthrin ancpparks, T.C., B.R. Leonard & J.B. Graves.  phenoxyphenyl)methyl (+)-cis, trans-3-

: 1988. Pyrethroid resist d the in- :
less susceptible to fenvalerate than yrefhroid resistance and the In- (2 2 -dichlorophenyl)-2,2-

. teractions with chlordimeform and mecha-  gimethvicvclopropanecaroviate against
the Lower Rio Grande Valley popu-  nisms of resistance. Proc. Cotton Insect boll weyev)ill anpd th))bacco b)L/deorn%. 3.

lations. Research and Control Conf. Pp.366-369. Econ. Entomol. 70 226-228.
Staetz, C.A., Rivera, M.A. & R.J. Blenk.
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Abstracts

Detection and mended for maize weevil control, We also used the insecticide-im-
Inheritance of DDT and but cypermethrln_and perme_thrlrpreg_nateq filter papers to an_alyze

. . . are not used despite their efficiencyhe inheritance of deltamethrin re-
Pyr_ethr0|d R_e3|s_tancc_e N against this pest. sistance in one DDT/pyrethroid re-
Maize Weevil Sitophilus Bioassay tests were carried ousistant strain of maize weevil

zeamai$ from Brazil on insecticide-impregnated filter pa{Guedeset al. 1994). At the LG,
per as recommended by FAO. Théhe responses of the Rybrid re-
R.N.C. Guedes discriminating concentrations forciprocal crosses were very different
Departamento de Biologia Animal each insecticide, with and withoutand & analyses of the observed re-
Universidade Federal de Vigosa PBO, were established based in theponses for the fand E-backcross

Vigosa, MG 36571.000

Brazil LC,, and LG of a standard suscep-rogenies provided evidence that a

tible population. With this bioas- single gene was responsible for re-
say, the cross-resistance spectistance. Deltamethrin resistance
vil, Sitophilus zeamaj¢Coleoptera: were verh_‘ied in six populations ofseems_to be cqntrolled by a single
Curculionidae) with deltamethrin inS- _zeamalfrom four different _states recessive sex-linked gene (Guedes
Brazil led us to investigate the re_(Mlnas Gerais, Parana, Goids andt al. 1994).

sistance of this stored grain pest t&1° Grande do Sul) to DDT and

Failure to control the maize wee

DDT, pirimiphos-methyl and to pyrethroids. One population from REFERENCES
h P |’? d d |y hri Cachoeiro do Itapemirim (state Opuedes, R.N.C., J.O.G. lea,J..P. Santos &
three pyrethroids (deltamethrin, C.D. Cruz. 1994. Inheritance of

cypermethrin and permethrin) withESPIrto Santo) showed resistance to e methrin resistance in a Brazilian
and without the synergist piperony DT and deltameth_”n only, while  strain of maize weeviSitophilus zeamais
butoxide (PBO). DDT is not regis_three other pc_)pulatlon_s from Se_te ug/(ljc::.)élrlllt.é. ljegté/latrinr?% ﬁoélg;%gg&
tered in Brazil, but was widely ap--290as and Vicosa (Minas Geraisfuedes, RN.C. J.0.G. AN

£ C.D. Cruz. 1995. Resistance to DDT and
plied in the past against this pesftlnd Ponta Grossa (Parana) showed pyrethroids in Brazilian populations of

Pirimiphos-methyl and PBO- resistance to DDT only (Guedes Sitophilus zeamaislotsch. (Coleoptera:

synergized deltamethrin are recom@'- 1995). Curculionidae). J. Stored Prod. Res. 31:
145-150.
Craig B. Marcus pared to the susceptible Johnson
Increased Cytochrome Department of Pharmacology and Wax (S-JW) strain. Immobilized
.o Toxicology ifici i -
P450 ACtIVIty in-an Health Sciences Center ?r:;::ilsl Iznirirgjb?;reorwgro prearfor:
Insecticide Resistant 2502 Marble NE 5 . graphy
) Albuguerque, NM 87131 (IAM-HPLC) of microsomal pro-
Strain of German United States teins from the R-MA strain enriched
Cockroach cytrochrome P450 activity greater

The Munsyana strain (R-MA) of than 7-fold. Following purification,
Michael Scharf, Jonathan J. Neal & Gary German cockroach Blatella we detected a single protein band

W. Bennett . germanical.) displayed 80-fold of M = 49 kDa (P450 MA) by sil-
fﬂzzt:;gcr::e%;ban and Industrial Pest e gistance to the pyrethroid insectiver-staining SDS PAGE gels.
Department of Entomology cide, cypermethrin. The strain pos- An antiserum to this purified pro-
Purdue University sessed a 4.5-fold greater total cytdein from the MA strain was pro-
West Lafayette, IN 47907-1158 chrome P450 content and a 2.5-folduced in mice. The antiserum, Anti-
United States greater cytochrome P450-mediate®450 MA, inhibited cytochrome

N-demethylation of the substrate 4P450-mediated N-demethylation by
chloro-N-methylanaline when com-4-fold in both R-MA and S-JW
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strains. In Western blots of mi-the 49 kDa in the S-JW strain in astrains, respectively. These results
crosomal proteins, anti-P450 MAWestern blot analysis following in-are consistent with the hypothesis
differentiated single R-MA and S-duction with pentamethylbenzendhat insecticide resistance in this R-
JW individuals by recognizing the(PMB). PMB induction increasedMA strain of German cockroach is

49 kDA protein band in the R-MA N-demethylation by 2.6 and 8.0-due to over-expression of cyto-

strain only. We were able to detectold in the R-MA and the S-JW chrome P450.

_ 8,891 and 9,976 mg active ingreditibility to esfenvalerate, malathion,

Laboratory Selection for ent (Al) fenvalerate/L, respectively.oxamy| and methomyl in plastic
Insecticide Resistance in Compared with an unselectecups showed significantly higher

. baseline colony (Base), the L Gn LC.s (2.5-fold higher) for
the Leafminer Natural the Select females was increasegsfenvalerate and malathion in the

Enemy, about 5-fold. This new LG is Select strain compared with the
Ganaspidium utilis roughly 37-fold higher than the rec-Base strain.
Beardsley ommended rate of fenvalerate ap- The Select strain exhibited nor-
(Hymenoptera: plied in the field. mal progeny production but the sex
- . At 2, 24, 48 and 72 hours afterratio was highly biased towards
Eucoilidae) treatment(G. utilis adults were ex- males (1.00:0.58 M:F) when ex-
posed to bean foliage treated witlhosed to 3,000 ppm fenvalerate for
Hong Willis various rates of fenvalerate (0.05624 h. At this rate of fenvalerate ex-
09.103 Aea Heights br. Sute 300 0-112, 0:224 and 0.448 kg Alposure, the number of offspring per
Aiea, HI 96701 fenvalerate/ha) applied with a boonfemale was 37% less than normal.
United States sprayer. Results showed signifiNo other reduction in fithess was

cantly higher mortality in the Basefound in the Select strain. Genetic

A laboratory strain of strain compared to the Select straipack crosses suggest an additive,
Ganaspidium utiliBeardsley (Hy- in most treatments. For examplepolygenic mode of inheritance for
menoptera: Eucoilidae), a parasitoistvhen exposed to bean foliage Zenvalerate resistance in the Select
of Liriomyzaleafminers, was se-hours after fenvalerate treatment aitrain.
lected for fenvalerate resistancethe recommended field rate of 0.224 |f established in the field, the
This strain was reared for 50 genkg Al/ha, the Select strain exhibitedSelect strain may reduce pest resur-
erations with 22 generations treatedignificantly higher survivorship gence and secondary pest outbreaks
with fenvalerate. The LCfor fe- (72%) compared with the Baseassociated with pesticide applica-
males and males from this selectestrain (27%). tions directed towardgiriomyza
strain (Select) to fenvalerate was Assessment of parasitoid suscepeafminers.

Multiple Mechanisms The greenbug, Schizaphis crease in esterase activity and a de-
. graminum(Rondani), is a major in- crease in acetylcholinesterase
Confemng sect pest of sorghum, wheat an(AChE) sensitivity (Siegfried &
Organophosphate other small grain crops worldwide.Ono 1993, Ono & Siegfried 1995).
Resistance in Greenbugs In midwestern United States, thdn a recent study, we examined the
infestations of greenbugs are cominter- and intra-strain variations in

Kun Yan Zhu mon and organophosphate insectesterase and AChE activities. We
Department of Entomology cides are often applied in greenbuglso examined AChE sensitivity to
Waters Hall management programs. As a resuliphibition by paraoxon in individual
Kansas State University . . .

Manhattan. KS 66506 greenbugs developed high resisaphids from an organophosphate
United States tance to these insecticidesusceptible (OSS) and three resis-

(Sloderbeclet al.1991). Resistancetant (OR-0, OR-1 and OR-2) green-
in greenbug is attributed to an inbug strains. Our findings are sum-
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marized as following: and the reduced AChE sensitivitytivity.

1. The resistance factors forwas mainly due to the decrease in 6. Increased AChE activity in
parathion in the OR-0, OR-1 andaffinity between AChE and the resistant strains was positively
OR-2 strains of greenbugs were 1.garaoxon. correlated with increased general
32 and 42, respectively, based ona 4. Resistance in the OR-Oesterase activity. However, the in-
glass-vial residual contact bioassaystrain was insignificant and appariteractions between these mecha-

2. There was no significantently was due to the altered AChkisms is unknown.
difference in the general esteraswith increased activity and reduced
level between the OSS and OR-8ensitivity. This mechanism ap- REFERENCES
strains, but the enzyme activities irpears to be less effective in confer®no. M. & B.D. Siegfried. 1995. Role of
the OR-1 and OR-2 strains were 1.%ing organophosphate resistance. greenbug esterases in resistance to par-

8 . - ; athion. Pestic. Sci. 43: 166-167.

and 2.4-fold higher, respectively, 5. Resistance in both OR-1gjeqgfried, B.D. & M. Ono. 1993. Mecha-
than that of the OSS strain when aand OR-2 strains was due to mul- nisms of parathion resistance in the green-
naphthyl acetate was used as suliple resistance mechanisms includ- bug, Schizaphis graminuniRondani).
strate. ing an increase of esterase activitglozgfggc E'Oghém'Mpgysg'{oﬁaﬁjf’&

. . . , P.E., MAA. y, L.J.
3. AChEs from all three resis-and an alteration of AChE with re- popew & 1L Buschman. 1991 Green-
tant strains were 2- to 3-fold lessluced sensitivity to inhibition by  bug (Homoptera: Aphididae) resistance to

sensitive to inhibition by paraoxon,paraoxon and increased AChE ac- parathion and chlorpyrifos-methyl. J.
Kans. Entomol. Soc. 64: 1-4.

Available Publications

NEW BOOK World Weeds - resistance problems, it has the imtant weed might spread. All or most
Natural Histories and Distribution,mense amount of natural biologyof the known biology has been gath-
by LeRoy Holm Jerry Doll, Eric and history that is needed both tered for each species including habi-
Holm, Juan Pancho, and Jamesstimate the likelihood a given weedat, seed production, morphology,
Herberger, (John Wiley and Sonsspecies could easily evolve resisecology, physiology, mammalian
New-York, $195.00, 1200 pagestance to herbicides, as well as ttoxicity, and rank of importance by
1997). This seminal book is theunderstand how an evolved resistamrop in each country. Over 3400
culmination of four decades of reaweed might spread. Its massive bibcommon names are indexed and
search on the natural history antlography contains more than 300@ross- referenced by species and
distribution of 125 weed species irreferences. A full botanical descripcountry. This book concludes the
all crops in 100 countries. Eacltion is supplied for each speciessearch for the 200 worst weeds of
chapter contains up-to-date inforsupplemented by a full-page illusthe world beginning with the publi-
mation on resistance to herbicidedration. There are 125 detailed mapsation of The World's Worst Weeds
changes in weed flora with the nevof the world distribution of theseand The Geographical Atlas of
crop tillage systems, and biologicaplants, which would tell the resis-World Weeds by Holm, et al. in
control. Beyond the indication oftance researcher the extent a resi$977 and 1979, respectively.

RESISTANCE MANAGE- tion Committee (IRAC US). The tectionissues. Supplies are limited,
MENT EDUCATIONAL KIT kit consists of a video, a slide ses0 please request for teaching pur-
An educational kit designed forand a script, a source of referencegoses only. A $10 shipping-and-
use as a one-hour short course aind a fun quiz. The target audiencbandling fee should be sent to:
strategies and tactics to minimize reis Extension Agents, AgriculturalIRAC EDUCATIONAL KIT, PO
sistance to insecticides is availabl§pecialists and Consultants whdOX 413708, KANSAS CITY, MO

from the Insecticide Resistance Acroutinely train others on crop pro-64179-0424.
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A Letter from the Coordinator

Andrea Biasi Coombs email, we also request a hard copy “A spate of short papers/abstracts
B11 Pesticide Research Center for our files. All figures should be have appeared at national
Michigan State University in back & white or gray tones and ' _
East Lansing, M| 48824-1311 . e fgorn{at e (.Bradshawet al. 1995), interna
United States can be sent | y Wi -tlon_al (Padget_tet al. 1995) anq at
Email: biasiand@pilot.msu.edu regional meetings, as well as in the

ERRATA pages of this newslett¢dasieniuk

CALL FOR ARTICLES | would like to bring a few mis- 1995).”

To ensure future success of theakes to your attention.

Resistant Pest Management News- 1. The issue number on the cover Also, the following reference was

letter, we ask our readers to contribef the Winter 1996 Newsletter isomitted form the reference list:

ute articles, abstracts, reviews anghcorrect. It should be Volume 8, _ .
R . Pratley, J., Baines, P., Eberbach, P., Incerti,

updates on resistance managememumber 2. | recommend changing ;7 Broster, J. 1996. Glyphosate resis-

We are currently accepting submisthis with your favorite editting pen  tance in annual ryegrassn Proc.NSW

sions for the Winter, 1997 issue oto avoid confusion. Grasslands Society Conf. Wagga-Wagga

the Newsletter (Vol. 9, no.2). The 2. On page two, the first sentence (in press).

deadline for submissions is Octobeof paragraph two in “Fewer Con-

31, 1997. Your submission can betraints than Proclaimed to the Evo- | appreciated all the comments in

made on disk (any word processingution of Glyphosate-Resistantresponse to my first issue as News-

format), email or hard copy. WhenwWeeds” by Jonathan Gressel shoultter coordinator and welcome any

sending a submission on disk or viaead: other comments or suggestions.
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