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News and Reviews

Can herbicide resistant oilseed rapes from commaodity ries genes detrimental to the agriculture
shipments potentially introgress with local Brassica of the importing country. Engineering
weeds, endangering agriculture in importing countries? resistance into crops that interbreed with

related weeds can sometimes be un-
wise. So far authorities seem to have

JONATHAN GRESSEL The issue focused on gene introgression to weeds
\F;J:I”Ztr: e of Science _ Genetically-engineered herbicide-rein the areas where transgenic crops are
Rehovot sistant crops pose no health dangers gown, but have not dealt with the issue
Israel consumers from the engineered geneghere the seed is exported.

Thus, there is no need to label interna- | want to further focus this discus-

Much misinformation, disinformation tional shipments of these crops or prodsion. The science behind how herbicide
and widely inaccurately-interpreted inucts from these crops as “transgenicfesistance was introduced into the crop
formation has been promulgated abowtr state what genes they contain. Iris rrelevant (see Duletal 1996, Galun
genetically engineered herbicide-resistadieed, transgenic and non-transgenic segBreiman 1997 for discussion). Simi-
crops {.e. Rissler & Mellon 1995), es- may be mixed in commerce. Unfortu4arly, geo-political boundaries will be ig-
pecially by those with an anti-geneticately this has engendered a certain levebred and commodity import/export is
engineering and/or anti-pesticide bias. Waf consumer hysteria in some parts dfiefined as transgenic seed from the pro-
are warned that such crops will lead t&urope. Tons of Swiss chocolates werguction site to any site where it might
“superweeds” that will inherit the earthrecently recalled, because they containgsbse danger. Both sites may be within
(Kling 1996). Not all environmentalistslecithin possibly extracted from one large country. Shipments of pro-
share these radical views (Lewis 1992)ransgenic U.S. soybeans. The samgssed products from the crops (oil, flour,
Nevertheless, severe political pressuréguropeans chose to eat cheeses that M@gal.etc) pose no introgressional risk,
preclude much public-sector research icontain rennet, a product that is oftend do not warrant further discussion
this area, leading to our inability to obtainproduced transgenically. here .
accurate information about any possible Frequently international commerce
risks from these crops. This subject iskirts the issue of whether transgenic
discussed almost exclusively by thoserops pose a risk to agriculture in the : _
with a political agenda and rarely meetimporting countries. Quarantine anc?d cotton are on the international trade
scientific scrutiny. The situation is fur-pesticide registration authorities can pre'aket or soon will be. There are no
ther complicated by well-meaning scivent advertent importation and agro!€POMs of naturally-occurring herbicide
entists who lack the knowledge to balnomic use of such herbicide-resistarfESIStances moving from these crops to
ance the issues and make scientificallyrop seeds. Should these authorities ha(fe€dS: and there is no reason to believe
untenable extrapolations from the datdhe responsibility to prohibit inadvertent!l'S Will change for transgenes. How-
Only recently has the role of these herelease of this seed materia escap- €Ve™: Oll-seed rapes have numerous
bicide-resistant crops been evaluated lig from commodity shipments)? ShouldVeedy relatives throughout the world.
considering the control advantages arekporters share these responsibilities? ! 'US: Ollséed rapes are most prone to
disadvantages, avoidance or precipitation Agronomists, biologists and weed scig€n€ introgression into weedy species
of new resistance problems, the role @ntists inimporting countries often moni-ound in commercial fields. The rates
these crops as volunteer weeds and tte the roadsides leading from ports & Mmovementfor these genes from crop
introgression of resistance genes in locgtain elevators, feed-meals and ail-crust® weeds are unclear.
weeds (Gressel 1997). This article exing plants for volunteer weeds (escap-  Herbicide resistances
plores the implications for shippinging crops) and new weed species. Comintroduced into oilseed rapes
biotechnologically-derived, herbicide-re-modity seeds, unlike seeds for planting, Al S-resistant Argentine or Canola
sistant crop seed as a trade commoditjo not have the same restrictions for coyape Brassica napysresistant to sul-

| hope that this article invokes retaminant weed seeds. Thus, many neggny| urea and imidazolinone herbicides
sponses from producers, herbicide manweed infestations may occur in transifyas derived from tissue culture selec-
facturers, exporters, weed control exrom port to user. Importers have beefion (Swansoret al. 1989). Triazine-
perts and scientists from the seed ingealing with non-transgenic alien invayesistance was laboriously crossed from
porting countries in future issues of thisions for many decades, so the novel sitga|d-evolved resistant wildrassica
Newsletter. ation is when the volunteer weed carrapa (= B. campestrisihto B. napus

Why pick on oilseed rapes?
Herbicide-resistant maize, soybean
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(Souza-Machadet al. 1982). Both Andersen 1994, Bingt al. 1996, spread (Moody & Mack 1988, Darmency &
products were released without regulaMikkelsen et al. 1996, Lefolet al. Gasquez 1990).

tory scrutiny because they were nat996b). These studies usually resort to py, the related indigenowseeds and
transgenic. Similar genes introducedhodel or artificial systems such as hanghe escaped volunteer oilseed rape have
transgenically areerbotenin many pollination after emasculation of theoverlapping flowering times? If flowering
countries and under scrutiny elsewhergveed, male sterility or selfincompatibil-does not overlap, mating is complicated be-
The ALS-resistanB. napusis widely ity in the weed, massive amounts of cropond risk.

cultivated, especially in western Canadgollen, and/or embryo rescue of rare in- Are the related indigenowseeds seff
The triazine-resistaft napusias a 15- dividuals, most of which are sterilej,ompatible or do they accept foreign pol-
20yield reduction (Gressel & Ben-Sina{Darmency 1994). Conversely, gengn thus enhancing chance meetings? If
1988, Beversdost al.1988), yetis gain- transfer from a Brassica weed to Oilself pollinated, then genes transfer more
ing prominence in Australia, where theseed rape has been reported. For estowly.

elimination of wild brassicas by inexpenample, McMullaret al.(1994) reported . .

. . . y . . Is the herbicide-resistant pollen more or
sive triazines is popular. This strategthat deleterious weed genes mtrogress%(gS competitive than con-specific pollen?
should be effective until the brassicanto oilseed rape, lowering yield and 0igjien competition can be exceedingly
weeds evolve resistance to triazines, asiality. strong. A lack of fitness in pollen from a
they have in Ontario, Canada (Maltais When the herbicide is applied to &esistant crop and competition between con-
& Bouchard 1978). transgenic crop, susceptible weeds growpecific pollen certainly could delay gene

When a weed becomes resistant fog in the crop will not introgress the retransfer (Charlesworth 1988, Stephereton
any ofthe ALS herbicides, itis not knowrsistant genes - dead weeds don’t ha@ 1988, Mulcahy & Mulcahy 1987).
whether resistance evolved naturally asex. However, resistance genes could oy easily can interspecific barriers be
was introgressed through pollination. Thitrogress into nearby unsprayed weedgyercome where they exist? In western
highly mutable ALS genecg. 10° re-  Roadsides and nearby fields may hav@anada both resistant Can@arfapupand
sistance in pristine populations) quickiythe wild mustards growing inthem. ThusPolish rapei. rapg are grown. The former
appearsinweeds. Engineering the saroidseed rape may escape and show igimorphologically different, but genetically
gene with either a two-base coding difas a volunteer weed on unsprayed roaghnspecific with the latter — a major Bras-
ference from the natural gene or witisides. Seed set on emasculBtathpus Sicaweed.
different introns would allow us to dif-was measured 1.5 km from a pollen ;. stdies rating risks of gene
ferentiate between mutation and introsource (Timmonst al. 1996). movement do not differentiate between
gression. Perhaps we would learn more fCar|1 thesel 'i.rogenyt?mtpteﬁe' Orlsutrvi\ffeports of field transfer and field studies

i i eral populatons withou e Seleclor: . .
3:2;22 ItShFi)Sh Egtr)tr)?c?g(e) r:gsz?stizﬂig(.arllﬁ I»Kézthoutr;nr:asculation, resistant pollen fer(_:locumentlng transfer. They do not esti-

i i ; e isin_MAte how long it will take for resistance
case of triazine resistance, resistance#ed 24% of plants in the immediate vicin- g

L - ' but fertilized less than 0.017% just 1d0 introgress and predominate in wild
maternally inherited so one might assun%n%eters vy, populations, how long it would take re-

twil never _transfe.r. Nevertheless ma- . _ sistance to evolve by natural selection,
ternal inheritance is not absolute, 0.2% Canthe herbicide resistant transgene prg

llen t fi found with tivide traits that increase fitness when th rthe expected commercial lifetime of
pollen transter was tound with geneti ‘A
markers. herbicide is not used? An unequivocal “noﬁ\1e herbicide. One study showed that

Presently, transgenic glyphosate.S hardtoprovide. Analien gene metaboliZB- Napuscan transfer genes to hand-
glufosinate- én d bromoxyini-resistant ing the herbicide might metabolize other suPollinatedSinapis arvensisit a rate of

) strates, supplying other traits. Typicallyone hybrid seed per 100 flowers. How-
Gilseed rapes have been, or are abouﬂgrbicide resistance supplies less fitness agver under natural field pollination, no
Pe’ rel_eased in WeStem Can_ada. Thgygntage than disease or insect resistancetgbrid seed was found in three million
is nothing to stop genetic engineers frofral pest populations (Karieesal. 1996).  seeds (Lefobt al.1996a). The lack of
introducing readily available genes s long as the weed can be controlled byg|q studies abrogates scientific evalua-
other herbicides such as 2,4-D (Strebether means, this is unlikely to lead tg; )¢, poliicianswho are mostinfiuenced

& Willmitzer 1989) into oilseed rapes. Frankensteinish superweeds. Modified taﬁ‘

. " y those bearing an agenda, particularly
What is known about gene get sites of the herbicide must be less ose who produce the new varieties and
than the susceptible wild type or they woul p

transfer to wild Brassicas pe expressed in the wild type. Thereford1erbicides or those who are anti-tech-

Controlled experiments have showreontinual monitoring for newly-resistantnology. One cannot make easy gener-
that herbicide resistances can be trangeeds is required; and not just for thosalizations about the risks of resistance
ferred from oilseed rapes to wild relathat may evolve by introgression with retransfer. To predict the risk of introgres-
tives, most ofterBrassiea rapae.g sistant crops. It is_ easier to eliminate nasion, each case must be evaluated on its
Kerlan et al. 1993, Jorgensen & scent resistant foci, than huge areas aftgfierits, often after basic biological, ge-



4 ResISTANT PEST MANAGEMENT Vol. 9, no. 2

netic and epidemiological studies. If wanapus)is an ancient allopolyploid be-What were the criteria used for the al-
assume that there is an introgressior@ieenB. oleracea(CC genome) and lowance? Did they include the possibil-
risk from oilseed rapes in many areas @&. rapa(AA). Thus, if only these ity of introgression from escaped volun-
the world, we must try to ascertain théransgenic plants bearing resistance deers? What evidence was used to ne-
levels of such risk and then ask whahe C genome were used, resistangate such risks? Is it an exporter’s
can be done about it scientifically andvould transfer toapaby rare homolo- “GATT given right” to ship unlabelled
politically. There is hardly a biologist whogous pairing only. Glyphosate resistandeerbicide-resistant crops to countries
does not expect such introgressions frois coded on two genes in a tandem comvhere it might be an agronomic, just
proximal growth to eventually occur, al-struct. One gene for modifying targebecause they present no health hazard.
though it may take many years. It is aite and the other for degrading the hets a country within its rights to protect
political decision of an importing countrybicide. Resistance transfer could bagainst alien weeds and exclude all ship-
to demand infinitesimally low or no risk delayed if each gene were inserted aments of oilseed rape because there may
of gene transfer. This could be justifiedeparate C chromosomes, thus requite some transgenic material included
by stating that few, if any, benefits of thisng two independent transfers. Whethehat could be potentially passed on to
crop accrue to the importers. fortuitously or by intent, the glufosinaterelated indigenous weeds? Can anim-
The decision-making process (R. K. qune_y, pers. comm.) andporting country require a monitoring pro-
; bromoxynil resistances for Canada argram and at whose expense? If a na-
in western Canada . i . )
M <ed when the C on the safer C genome, whereas treeent focus is not immediately eradi-
i any were surr:r;lsle V\(’j tin o T q glufosinate resistance was on the A gesated, spread can be rapid (Moody &
n? I|anthV(ternm%n I fovye " ehe q YSHome, a more easily introgressed gaMack 1988, Thill & Mallory-Smith
g gyp OS?IL €-andgu ogltna e-(anc SO_‘I)Home (Mikkelsoret al.1986). 1998). Crawforet al.1997 have mod-
rorgoxynl )(](Ienglqe(ta;e K ransg.e:uc o The question of how quickly resis-eled just how rapid this gene flow can
see r?p;]esb_e_s(,jpl eihe N n?[wn n rog_Jrf;“I%[ncewill move fronB. napuso weedy be. In many importing countries, com-
sion do : roict e-reS|sf g n b9¢ges 'y, rapamay be moot. The con-spe-modity seeds are transported in leaky
;Nef T (;najor ugio e; 'T' %re‘ci'séiﬁc Polish rapeB. rapg with these tarpaulin-covered multi-use trucks.
antol S‘I?(he rapehs IS to controtwild re q erbicide resistance genes will soon belearly well-sealed bulk transport, hop-
:jlveill € daué.(;\rlitlsesterpe;tuate foleased (R. K. Downey, pers. comm.per-type trucks would leak less and sub-
ou es_ta;: ZL i hrape rISm r_nl_ﬁl'n this locale, they do not consider transstantially decreasing risk. This would
:jag(_ar_\esw} I? ?ﬁn gn ¢ mebmlar 'Z:;I _ kf‘érr to the con-specific weed a problemadd expense to transport; at whose ex-
eC||S|ons C:C%W? ':‘].ep lolog ]['S as itis relatively rare, and where preserpense? | have not been able to find a
ar?ay?es 0 dt eloc gwtrogressmnigrgrgasily controlled by other herbicides irresistance management specialist who
tlgeggl Se_?h _razes.(_ nonlyl/mouds 4otational crops. Oilseed rapes are irknows how these decisions were made
: )a fiel delr I ecision fahowe undre'variably grown in rotation in this area.or has been asked to contribute to the
str!cteh II?k Ii\u t|\(/jat|fcm 0 t_ € Crops, 98y nether the decision of the authoritieslecision-making process. Presumably,
:Sl_ﬂte tf T |he| r? od orgene |_ntrogrelst|or}n this area allowing this transgenic crogomeone can supply this information to
ey el attdef‘lntrogr?ssmn wou Ino wise is moot - itis their problem. Whatspecialists dealing with pesticide resis-
mcre;asecweel mesislg 9§rogﬁr tr)e at ppens when commodity shipmenttance and its management through dis-
V\:fe fs( ra\:cv ey'tz. ) eﬁ en- drop seeds where related wild mustardsission in this Newsletter. The future
efits for a safer and more cost-efiectivg - problem in eastern Canada amday bring many useful herbicide-resis-

weed control far outwe|ghed the rISkSmuch of the world. tant crops for one area, that pose prob-
The worst case scenario would be the lems in other areas. We need herbi-

loss of glyphosate to control such weeds¥What are the criteria for the cide-resistant crops and need to avoid
(Anonymous 1.995)' L importers? : any trade wars, but each country needs

The Canadian authorities did notre- Approval has been obtained from[o orotect themselves from generating
guire two safeguards that might havdapan, U.S.A. and Mexico forimport therbicid e-resistantweed problems. The
lowered the risk of gene transferBo glyphosate resistant Canola fronbroblems discussed are not because the
rapa, the weediest of the related specanada, without a requirement for la&rops are biotechnologically derived.
cies (Holmet al. 1997). This speciesbeling. These countries account forl-hiS is 2. new issue that we did not have
has already demonstrated field transfebout 85-90% of Canada's expoB. | o1 with a decade ago. Thisissue is
of genes (Mikkelsoet al.1996). First, rapa and less related weedy Spedef?equently overshadowed by a political
No monitoring system was required tare indigenous and problematic in thesgg endathatis concerned with how these
safeguard against this transfer. Secorehuntries (Holnetal. 1997). Itwould o . biotechnological products were cre-
they did not take prescribed genetibe interesting to know how these issue&ed

means to lower the risk. CanoB. ( were considered in these countries.
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There are ways of preventing Crawford, J., G. Squire & D. Burn. 1997. Mod-  oilseed rape and wild mustaiéield Crops
. . elling spread of herbicide resistant oilseed Res45: 153-161.
Introgression rape. In Environmental Impact of Geneti- Lefol, E., A. Fleury & H. Darmency. 1996b.
Care must be taken not to pass irre- cally Modified Crops (A.J. Gray, C.Glidden ~ Gene dispersal from transgenic crops |I.
vocable laws banning herbicide-resistant & F. Amjee). Dept. of Environment, Lon-  Hybridization between oilseed rape and the

oilseed rapes. These crops need her@_ don, (in press). wild hoary mustardSex. Plant Repro8:

id ist ¢ trol both int rawley, M.J., R.S. Hails, M. Rees, D. Kohn &  189-196.
Cide resistances 1o control both INter- 5 g 0n. 1993, Ecology of transgenic oil-Lewis, M.\W. 1992. Green delusions: An en-

breeding and non-related weeds. There seed rape in natural habitaiature 363 vironmentalist critique of radical environmen-
are solutions to prevent pollen transfer 620-623. talism. Duke Univ. Press. 288pp.
such as pollen specific excision Systemg,ark;nency, H. 19_921.I Thed _;_m(;j)act oflhybrids(lj\/laltais, B.d& é:.B. I_Eiouct};r(:. :I_.978. ;ne
. L . etween genetically modified cropplantsand moutarde des oiseauBr@ssica ra
obligatory apomictic systems thou_t pok- their related species: Introgression and weedi- résistante a I’atrazind?hytoprotectioré)Q:
len (Koltunowet al. 1995). Require-  ness Mol. Ecol.3:37-40. 117-121.
ments for more than one unlinked genBarmency, H. & J. Gasquez. 1990. AppearanddcMullan, P.M., J.K. Daun & D.R. DeClercq.
for resistance, tight or tandem linkage of and spread of triazine resistance in common 1994. Effect of wild mustardB¢assica
the resistance gene in a crop with a gene lambsquarteré&Chenopodium albumjeed kaber)competition on yield and quality of
. . . Technol4:173-177. triazine-tolerant and triazine-susceptible
deleter'lous_ to a weed, 'nf(f‘\Ctlon of th%uke, S. 0. 1996 Herbicide Resistant Crops: canolaBrassica napuandBrassica rapa)
crop with disarmed RNA viruses bear- Agricultural, Economic, Environmental,  Can. J. Plant ScZ4: 369-374.
ing resistance genes that are not pollen Regulatory and Technological Aspects, Lewidikkelsen, T.R., B. Andersen & R.B. Jorgensen.
carried are futuristic possibilities. Publishers, Boca-Raton, pp. 231-250. 1996. The risk of crop transgene spread.
Galun, E. & A. Breiman. 1997. Transgenic Nature 380:31.
Plants, Imperial College Press, London. 37&oody, M.E. & R.N. Mack. 1988. Controlling
ACKNOWLEDGMENTS pp. the spread of plant invasions: The impor-
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4, strategies for the generation of geneticallyTimmons, A.M., Y.M. Charters, J.W. Crawford,
Charlesworth, D. 1988. Evidence for pollen com-  identical seeds without fertilizatiorPlant D. Burn, S.E. Scott, S.J. Dubbels, N.J. Wil-

petition in plants and its relationship toprog-  Physiol.108:1345-1352. son, A. Robertson, E.T. O'Brien, G.R. Squire

eny fitness: AcommerAm. Nat.132 298-  Lefol, E., V. Danielou & H. Darmency. 1996a. & M.J. Wilkinson. 1996. Risks from
302. Predicting hybridization between transgenic  transgenic crops\ature 380: 487.
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Industry and individual company’s perspective on & efficacy) and selectivity (man, envi-
resistance management ronment ar_ld crop) to meet Environmen-
] _ tal Protection Agency (EPA) registra-
garyAD- TSthIOSOﬂ range from increased operational co§, and be profitable. While it is true
ow AgroScience - e
9330 Zionsville Rd. and lower customer value to completg,q the fajlure of existing technology due
Indianapolis, IN 46268-1054 loss of the product. The economic CoSfg resistance or other reasons can in-

of resistance to industry can be stagg€ftease research efforts and allow more

This article is a summary of an orald- The cost of a single non-perforggective products to compete, it is also
presentation made to a formal confefl2nce complaint (resistance related @, that selective products have smaller
ence on arthropod resistance at the 1989) can negate the value for 1010 100Qarkets, need longer market life and
Annual Meeting of the Entomologicalindividual sales. Costs can include salgg)nsequently, protection from resistance
Society of America. The conferencdePresentative and technical service imgeyelopment to be financially viable.
was organized by J. L. Flexner, DuPorfEPlacement products, legal costs anfhere s no guarantee that new prod-
Agricultural products. This presentatiorPSSile crop yield replacements. MOgjcts can be found. The loss of a product
was my attempt to relay the industrymPortantly, future sales depend on gy one pest situation could eliminate a
views on resistance based on seven yefggutation of the product and the conyrqnning system and customer base for
experience in IRAC U.S. and from thd?@y- In addition, product value 10 theyher products. It is quite clear that all
perspective of a product developmerfUStomer is proportional {0 its perforiaye holders in agriculture (which even-
manager from DowElanco. Resistandd@nce. Performance is diminished ¥ g includes everyone) have something
managementissues and tactics are higlffiStance develops. All these costs age rigk: hut in many scenarios, industry
debated within industry, as well as th@!Y t0 existing products, but significantyq the individual company certainly have
scientific community, and these views d§0Sts can influence future products ag great deal atrisk, in not the most of all
not necessarily represent those of thell. The crop protection industry hag;iaye holders.

entire industry. encountered increased regulations and . )
c ; . product requirements in recent years 1 "€ pe_St'C'de '_[r?adm'" N
Background Information  oting in higher costs and fewer prod- The perceived pesticide treadmill it

Mark Whalon, Michigan State Uni- yctintroductions. Today, ittypically takedustration (Figure 1) is cited all too fre-
versity, recently provided the following 7 to 10 years and 40 to 100 million dolguently. Inmy opinion, this treadmill rep-
classical definition of resistance: “Whengys to bring a new crop protection prodtesents an unrealistic viewpoint of what
a product or control tactic fails to reducgct to market. An ideal product wouldoften occurs in most production systems.
a pest population due to changes in pgsdy off the accumulated debt during thé We had numerous and inexpensive
susceptibility.” Dr. Whalon made thefirst ten years of commercialization andop protection products or if crop prices/
point that even with common definitionthe jncome from the'®10 years would retums would justify indiscriminate treat-
there are different points of views baseflind research and development of nefiients or low thresholds, the perceived
on where an individual's interests argyoducts. The net result is that a longesticide treadmill might apply. How-
focused. Although most scientists maginancial market life for each product is€Ver since today’s global trade environ-
agree to a version of this definition, a big must. The current costs for develognent keeps return margins for all crops
ologistwould view itin terms of “X-fold jng products and the loss of a produd@w and few tools are available, a crop
increase in lethal doses or % survival grematurely due to resistance develogdvisor's treadmill (Figure 2) is what re-
adiscriminating dose”, while a geneticisphent would be disastrous to a compangly occurs. The key difference is that
would view it as a change in gene fre- : the treadmill starts when control options
guencies and a biochemist would view it ReS|§t.ance creates are lost or unavailable, not because an-
as a modification at the pesticide’s tar- OPPOrtunities for industry? o spravable product is available.
getsite. Anindustry representativewould twould have been difficult toimprove practitioners of resistance management
have yet another perspective and modif§ the cost efficacy of older chemistrieieed to point out this key difference to
the definition further. such as DDT and the chlorinated hygemonstrate the value of implementing

, . . drocarbons if a combination of insectag;
Industry’s definition of : _ tesistance management plans.
i resistance and environmental awareness .
resistance Industry Wide Efforts

had not derailed them. There is a myth _ _
Industry defines resistance as whefat industry has a backlog of more prof- - COllectively, industry works on com-

a target pest's response to a commeiaple products once they exploit the cuf?on global is_sues throgg_h the Global
cial product develops to a level whergent technology. Although numerougSTOP Protection Association (GCPA,
the product no longer performs as inproducts have been broughtforward,veﬁ?rmer'y GIFAP) and through national
tended. The measurable results cagy have the combination of value (Costgrganizations such asthe American Crop
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Spray New Chemistry Spray Only as Needed and » Insects
Rotate Products Controlled
Unable to Insects Become PrOdHL-JC:]iVity
19

Control Insects Resistant \ 4
Products Lost or New
Product Delayed
Forced to Use
Costs Increase What's Left
& More

Spray More Spray More
and More Productivity Frequently
Often Decreases ' .

Insects Become Insects Develop
More Resistant Resistance

Figure 1. Perceiveesticide treadmill. Figure 2. Crop advisor resistance treadmill.

Protection Association (ACPA formerly sprayable and transgenic products. Timeanagement plans are most effective when
NACA). These organizations havemjssion, vision and guiding principles offplemented concurrently with the first com-
formed technical committees to deal withhis team are outlined below together witfercialization of anew product.

arange of issues including resistance e resistance management approach for powelanco recognizes that resistance
pesticide products. Resistance Actiogn existing and an emerging productnanagement plans for existing products
Committees (RACs) have been formecthese examples illustrate the importanaeay be both proactive and reactive and re-
to deal with Herbicides (HRAC), Fun- of insecticide resistance management tpire urgent and extreme adjustments.
gicides (FRAC), Rodenticides (RRAC) DowElanco.

and Insecticides (IRAC). | am most |RMT Mission — To provide tech- Lorsban™ examples

familiar with IRAC. Since it was formed njcal/commercial counsel and supportto  This product has a long history (30
in 1988, IRAC has been consistentlithe business in the development arykars) of broad uses but has encoun-
active in the science and practice of rgmplementation of arthropod resistanctered very few resistance problems.
sistance management. IRAC's accOommanagement strategies. IRMT attributes the continued success
plishments include sponsorship of pyre- |RMT Vision - The commercial life of this product with few resistance prob-
throid monitoring programs, resistancef DowElanco’s insect/mite managefems to the fact that it competes in most
surveys over multiple years, labeling efment products is not unknowingly andmarkets with several products and many
forts to address common modes of agr unwillingly reduced due to the develtarget pests occupy large, untreated refu-
tion, support for bioassay developmengpment of arthropod resistance. gia. The few agroecosystems with re-
and demonstration projects of good prac- - " sistance concerns (California red scale
tices, numerous educational efforts (in- IRMT Guiding Prln.C|pIe.s and wheat aphids)(occurred when the
cluding support of this Pesticide Resis-_ASSume that the genetic basis for reg 0 ot options were severely
tance Newsletter) and providing seed'Stance © al current and future prodg i 1y each situation to date, reac-
money for research programs that fodCts occurs naturallyinall arthropod popus, - vrams based on monitoring
cus on resistance management. lations and resistance management play

must be developed and implemented t@ gupled with internal and external edu-
, . ation programs have maintained the vi-
DowElanco’s approach 1o gngyre Iong term and consistent pro prog

resistance management perity of DowElanco customers, ablllty of Lorsban™ in all markets.
DowElanco has been active in resis- Resistance management is an integral ~ Spinosad examples

tance management on several fronts f@art of product stewardship and responsible  This new product with a unique mode
many years. Like most major compacare is the responsibility of all technical angy action is receiving its first registrations.
nies, they have supported industry-wid&ommercial functions. The team that developed the product capi-
efforts through IRAC, FRAC, and  powElanco will support industry wide talized on the opportunity to develop a
HRAC. Within business managemengfforts and IRAC to manage resistance iproactive program with assistance from
teams, DowElanco has addressed amtthropods. DowElanco’'s IRMT. The goal is to
discussed resistance issues for individual DowElanco will not hesitate to conside Imaintain the effectiveness of spinosad
products. In 1995, the ComPanNy SPofny recommend competitive products Sor a_t least _20 years by delaying or pre-
sored the formation of an advisory teaMyomponents of its own resistance manag¥enting resistance development in tar-
the Insecticide Resistance Managemem{ent plans. get pests. The tactics selected by the
Team (IRMT), to provide advice to busi- _ _ team were practical labeling and distri-
ness units on resistance issues for all POWEIanco believes that resistance, i of educational materials that dis-
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courage intense selection of target pesiyy - puring the label review processbe of little value or so specific that nu-
Educational material will be designed fogpa provided comments on the wordmerous technical exceptions are needed
local needs. The effectiveness of g ¢ did not require or substantiallyto be customize the productfor individual
tactics will be assessed through periodig, ange the initial submission bygeographies. Regional management
monitoring every three years, or eveny,yelanco. As additional crop labelsplans designed by local university experts,
year if & 40% marketshare is obtainedye jeveloped, it is clear that resistandedustry, consultants and producers have
and compared to the baseline suscefanagement guidelines for pests, cropstoven the most effective to date. These
bility survey for each major target pesty geographies differ greatly and thereegional plans can be modified each year
Continual performance feedback Willgre jnformation onlabels require suppleas new information is obtained. They
indicate any situations that need adjustyena) educational material to meet loare the most practical way to implement
ment. Tracer Naturalyte™ is they| neegs. resistance management rather than na-
spinosad product applied on cotton for - ¢ rrently, one of the more controvertionally-mandated programs enforced
insect control in the US. The usage injg topjics is regulatory requirements fothrough product labeling.

formation on the label is as follows: resistance management tactics. My SUMMARY

Do not use Tracer Naturalyte or any 'nbompany and IRAC US have debated
sect control product from the same class

%P] topic at lenath. The following i Pesticide resistance issues impact all
consecutive generations of tobacco bu s topic atlength. The1olowing IS aNga o holders in agriculture. Each stake

worm or cotton bollworm. If uncertain of XCErPt from a white paper drafted b¥10|der is likely to form different views

the generation cycle, donotmake more thde IRAC US committee thatt Summay, <o o1, their background. Individual
3 consecutive applications of an insect corfiZ€s thatcommittee’s current logic. Rei:ompanies and the industry-at-large ap-
trol product from the same class; then ussistance management is a dynam

. : . ) ) Broach resistance from an economic
one of the following IRM options for at leastevolving science that should be Wlde|)(/i ew that considers the short and long

the next 30 days: No treatment or rotation telebated at all levels within academia, Ny value to their customers.. Industvs
a different class _of products. Co_nsylt wmuustm and the actual product use co - mendous economic inve.stment Zn-
your local agrlcultur_al specllallst or munity. However, industry has as muc et th h p . i’
DowElanco representative for guidance angl gain or lose from actions or inaction ures that they will continue 1o stewar

information on resistance management ign d can manage and react o resista Their products on all issues including re-
9 Stance management. Industry wel-

your area. Always include multiple tactics i i .
(e.g.cultural or biological controls) within 'SSUeS more effectively without specific, - 1epate and assistance on all re-

an IPM program. Do not use less than Idegulatory _reqUirementS-” Currentreguzici oo issues, but regulatory require-
beled rates alone or in tank mixtures antory requirements are too cumbersome. . . proposals would be a burden and
target applications against small larvae areind the review process is too lon

©ggs- These requirements only aggravate elopment. Regional management plans

These labeling efforts and education:iﬁlstance development by limiting or deéleveloped by local stake holders are the
materials document this company’s volY'ng the tOOIS. that prodL_Jrchers n;]ay UShost effective plans and provide the flex-
untary efforts to steward their technoIJEo manage resistance. e of er CO[[')"lIity needed to cope with dynamic bio-
ogy with a resistance management strz%?m s that all proposed regulations Rygical processes that drive resistance
ate have been either so general as égvel opment.

rovide minimal impact on resistance de-

Concerns about managing organophosphate-resistant

populations of leafrollers in New Zealand with Otago (Wearing 1995a) and recently
tebufenozide from Hawkes Bay (Let al 1997). Re-

search on OP-resistant greenheaded
Over recent months, there has beggafrollers from Otago shows that se-

C.H. Wearing speculation that leafrollers resistant to Ofaction in the laboratory with either
HortResearch ganophosphates (OP) in New Zealar@zinphos-methyl or Mimic®
Sé%dg Resﬁamhh%em;e may have greater tolerance or resistangg sfenozide) confers resistance to both
RDL. Z{Zi;ﬁg‘r%, ot Otago to other insecticides. This may hav@nemicals. When colonies were estab-
New Zealand been stimulated by overseas reports ffhed by mating females of a suscep-
codling moth resistance to a wide rangfe strain with wild males from the OP
P.Lo &J'T'Shwa'ker of insecticide ie. Sauphanoet al  (egjstance area, the resulting progeny (lar-
HortResearc i i . )
Havelock North Research Centre I:I(-%?':l?:‘ro)llle:gfal:]?)fcl)srttﬁ;](i)it%ftgrgri]r:]neoa}d%e) had a low, _bUt significant, resistance
Goddards Lane ’ to both azinphos-methyl and
Havelock North, Hawkes Bay phosphates and carbaryl has been kg fenozide. This research will be pub-

New Zealand ported from a restricted area in Centrgkneq.
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Table 1. Assessments of leafroller damage on four apple cultivars at harvest in fruit ~ mones (1000 dispensers/ha) has provided

regions with and without OP-resistant populations. excellent control of the OP-resistant

ion? t 030)1( = ROS’E;' SZL";‘ Brge(;);;‘ OF;J '80/ leafrollers in Otago for the past five years
esistance 4-1.6% 2-2.0% -0.8% -0.8% (Weari .

No known resistance 0-0.4% 0-0.2% 0-0.4% 0-0.2% beS'[aSr'llr’]a?telggygf?) ?)mg:ar.rgel:‘]];l)lﬁetar}ll’i:lse??er

_ _ . : , sistance, because mating disruption
Is this resistance reflected in fieldl. Aswiththe earlier OP programs, dam- g P

| failure? Lab lection isage was generally greater in orcharoY%’OrkS well on any OP resistant moths
control failure? Laboratory selection i19 9 v 9 residing within the orchard. Itis vital that

different from field selection, and leadgvithin the resistance area despite re"drowers within the resistance zones in

o increase levels of resistance muchnce on 'V'.'”."®a”d m'atlng dlsrUpt'Qn'Otago and Hawkes Bay continue this
faster. In the laboratory, resistant motHgowever, it is hard to interpret the sig-

: ; e : Sgrogram to ensure maximum effective-
mate with other resistant moths; whereaificance of the higher damage assess- = - L
: . . _ ; . . ness in the future with either OP or
in the field, resistant moths can mate wittnents due to possible differences in th,@I
wild susceptible moths. In the case dize of leafroller populations between the

OP insecticides, field control failure preareas. Nevertheless, thisis the firstcom: J.TE.EV{I:aEgEIE)I%AESSUCinng. 1997,

ceded the discovery of resistance. Hov}Dal‘iSOH of ﬁ?ld performance for Mimic® Resistance @flanotortrix octogreenheaded
ever, there is no prior history of Mimic®in areas with and without OP-resistant leafroller) to azinphos-methyl in Hawkes
use in the Otago or Hawkes Bay areagopulations of leafrollers. Whenthe labo- Bay. Proc. N. Z. Plant Protection Cds0:
During the implementation of the NZIFP~atory and field data are taken togethey, 499-13- _ _

i in 1996-97 the | tithere is reason for concem in the ma r?_auphanor, B., M. Benoit, J.C. Bouvier, G. Per-
P_ pilot program in ~J7, e Insecl : ron, S. Malezieux & J.C Fremond. 1994. Un
cide Mimic® was used extensively inagement of OP-resistant greenheaded cas de résistance du carpocapse des pommes
Otago for the first time. Within the aredeafrollers in Otago and Hawkes Bay.  au diflubenzuron dans le sud-est de la France.
inhabited by resistant leafrollers, matinghthough each discrete resistance epi- Phytoma. 458: 46-9.

. . . . ; : - arinn Yiearing, C.H. 1995a. ResistancBlahotortrix
disruption supplemented insecticide trea0de requires separate investigation, It\(geocto to organophosphate insecticides in

ments, but fewer dispensers were usggssible that OP-resistant leafrollers in - pmparton, central Otago. Proc. N. Z. Plant
(250/ha) (Wearing 1995b) in an attemgDtago and Hawkes Bay may have Cross Protection Conf. 48: 40-5.
to reduce costs. resistance to other insecticides such #¢earing, C.H. 1995b. Mating disruption for

Assessments of damage at harvestimio®. management of organophosphate resistance
in the greenheaded leafroller Planotortrix octo.

on four cultivars within and ogt5|de the A resstange mqnaggmenft program 5, .-°\. 7. Plant Protection CodB: 46-
resistance areas are shown in the Talll@sed on mating disruption with phero- 57

imic® programs.

Resistance Around the Globe

The contribution and inheritance of  Kdr to fenvalerate fenvalerate in CBW.

and cyhalothrin resistance in  Helicoverpa armigera The insectrearing anc_i b!oassay meth-
ods for this study are similar to Vi

Lijun Ru, Cen Wen, Changhui Run, ous physiological and biochemical studal. (1992). We used the electrophysi-
Jianzhou Zhao, ies with pyrethroid-resistant and suscelogical methods for the neurophysiologi-
Institute of Plant Protection _ tible populations of CBW proved that thecal assay dfdr resistance as described
gg:rl‘nesel ()Aocggfmy of Agriculture Science - ragjstance mechanisms involved are rey Zhacet al (1996) and McCafferst
P_RJ_ ghina duced cuticular penetration, enhanceal. (1995). Ventral longitudinal muscle
E-mail: zhaoipp@public.bta.net.cn metabolism and nerve insensitivity (Guneells from 20-30 mg third instars were
ningetal. 1991, Weet al. 1996, Wiet  prepared for the assay. Spontaneous
Anxi Liu _ al. 1994, Zhaet al.1996). Previously, miniature excitatory junctional potentials
BZF&?GER};;E'O'OQV a field strain of CBW was selected fo(mEJP) were recorded with 3M KCI-
Tianjin 300071 Y resistance with cyhalothrin. The resultfiled glass microelectrodes of 15-26M
P.R.China ing resistance ratio (RR) was 30.6-foldesistance connected to a microelectrode

to cyhalothrin and 337.0-fold toamplifier and photographed from the

The cotton bollworm (CBW), fenvalerate (cross-resistance). Our olscreen of a storage oscilloscope
Helicoverpa armigeras a major pest jectives were to investigate the mechgHITACHI VC-6020). Each mEJP was
of cotton in China. Pesticide resistanoaisms responsible for this resistance tdentified by amplitude discrimination. A
is amajor factor contributing to the inefthe two pyrethroids and the inheritanceurst discharge EQwas defined as the
fective management of CBW. Previof knockdown resistancékdr) to concentration of insecticide that elicited
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midpoint responses from 50% of the in:l'able 1. Effect of metabolic synergists (PBO and DEF) on the response of resistant and

.. . susceptibled. armigerato the pyrethroids cyhalothrin and fenvalerate.
dividuals tested in each sample. Atrans-

L. . S strain R strain
mission block EC; was defined as the  Treatment Slope  LDo(ug/larva) Slope LDso(ug/larva) RR
concentration of an insecticide that elic- (95% FL) (95% FL)

ited endboint responses from 50% of theCyhalothrin -~ 2.32 0.010 (0.007-0.014) ~ 2.31 0.306(0.212-0.442)  30.6
indlivid pl test g Dat °| q *PB 2.29 0.006 (0.003-0.008)  2.60 0.030(0.021-0.042) 5.0
Individuals tested. Data were analyzed ., per 2.46 0.013(0.009-0.019)  1.68 0.289(0.180-0.464)  22.2

with probit analysis. The lack of over-
lap between the 95%FL of EGwas Fenvalerate 1.52 0.109 (0.063-0.205)  1.44 36.73(20.96-64.68) 337.0

= o7 : PBO 1.88 0.003 (0.002-0.006)  1.41 0.114(0.068-0.191) 38.0
the criterion for a significant difference  +per 155 0.131(0.078-0.221) _ 1.63 33.25(22.16-49.91) _ 253.8

(P<0.05) in response.
The cyhalothrin-selected resistant (R)

and nonS_eIeCted susceptlble (S) Stra‘llnable 2. A comparison of neurophysiological activity in susceptible, pyrethroid-
were reciprocally crossed ng XS, resistant, and reciprocally crossedsEains oH. armigera

malé

S...XR) to produce the F1 generation mEJP repetitive burst Neuromuscular transmission
for inheritance studies dédr and !nsecticide Strain discharge block
) Slope EGo95% FL) RR  Slpe EGo(95% FL) RR

fenvalerate resistance. The degree of » Q’°((X10-‘15M)) @ %fio-ls,f,l) )
dominance (D) for the F1 progeny wagyhalothrin S 157 3.73(2.24-6.23) 1.0 1.48 36.3(21.47-61.51) 1.0
calculated (Stone 1968). The F1 were R 153 39.8(23.5-67.4) 10.7 158 544.1(328-903) 15.0
pooled and backcrossed to the parent@lyvalerate s 141 0.32(0.15-0.65) 1.0 107 4.97(2.44-10.10) 1.0
R strain. Mortality for the backcrossed R 1.02 30.7(14.6-64.6) 958 136 2521(1353-4697) 507.2
progeny was determined (Georghiou SR 164 053023420 17 106 5020961689 17

. X . . £o-1. . . . .J0b-10. .
1969). The hypothesis that ter re- Pooled £ 1,57 0.57(0.31-1.04) 1.8 118 9.75(4.81-19.77) 2.0

sistance was controlled by a single ma-

jor gene was tested wigAtest (Preisler . . )
jorg wititest ( cyhalothrin was associated with CBW  Gladwell. 1995. Nerve insensitivity resis-

et al. 1990). . . g
; resistance to the two pyrethroids. The tance to cypermethrin in larvae of the to-
Synergism tests on CBW pre- bacco budworntHeliothis virescendrom

treated with DEF (S,S,S-degree of dominance fiedr resistance USA cotton field population. Pestic. Sci.

tributylphophorotrithiate) did not in- to fenvalerate in the [generation was ;.57 5,7

crease the suseopbilyof R SUah G ' ok esponse, 1. 198, Sk e
either pyréhroid (Table 1). PBO (Pip- p ) - y:

. ectively (Table 2). Backcrosses ofthe itance for pesticide resistance. J. Econ.
eronyl butoxide) decreased the RR 1 to R strain ( daia not shown) sug- Entomol. 83:1649-1655.
fenvalerate from 337.0-to 38.0-fold, and 95

. tone, B.F. 1968. A formula for determining de-
that of cyhalothrin from 30.6- to 5.0_f0|d.ge5ted thatdr resistance to fenvalerate gree of dominance in case of monofactorial
The synergism ratios of PBO with

was likely monofactorial since the?c?  inheritance of resistance to chemicals. Bull.

fenvalerate and cyhalothrin were 8 fest for a monogenic model showed no WH.0. 38:325-326 ;

y .~ “significant deviation between observedel: C-. Y. Zhao, X. Fagt al. 1992. Selection of
and 6.1-fold, respectively. This indicateS . . cotton bollworm by fenvalerate, malathion
. . ! and expectekidr ratio for the burst dis- I 4 , o

that mixed-function oxidases (MFO)Char e (2372, a=0.05, d=6) or the and their mixture. Acta Agricultura Sinica
were important factors for resistance ge (053, , a=.49, di=0) 25(6):9-14.
both pvrethroids. but we found other&n1Smission block (623.10, a=0.05, Wei, C., L. Ru, X. Faetal 1996. The mecha-
Py ! df=6). Our results showed that Hulr nisms of synergistic insecticide mixture to

mechanisms contributed to CBW resis-_ . i i
. resistance to fenvalerate was due to a .delay development of pyrethroid resistance
tance to pyretl roids.

inale maior autosomal gene that was in cotton bollworm. Acta Phytophylacica
Electrophysiological studies showed 2 J 9 Sinica23:152-156.
that the RRs were 10.7-fold to

incompletely recessive. WU, Y., J. Shen, Z. You. 1994. Laboratory selec-
cyhalothrin and 95.8-fold to fenvalerate

REFERENCES tion for fenvalerate resistant and susceptible
. G hiou, G.P. 1969. Genetics of resist It
based on the burst discharge KGable o e e

strains in cotton bollwormiHeliothis
insecticides in houseflies and mosquitoes. &Migera(Huber). Acta Entomol. Sinica

2). The RRs were 15.0-fold t0  Exp. Parasitol. 26:224-255. 37:129-136.
cyhalothrin and 507.2-fold to fenvalerateunning, R.V., C.S. Easton, M.E. Balfieal. Z£120: Y., A Liu, L. Riet al 1996. Decreased

based on transmission block EC 1991 Pyrethroid resistance mechanism in nerve sensitivity is an important pyrethroid

: : : : ; resistance mechanism of cotton bollworm.
These results indicated that the differ- ggﬁ;‘;’iggehcovemaarm'ge@ estic. Sal. 4t Entormol. Sinica 39:347-353.

ence irkdr response to fenvalerate anglccaffery, A.R., J.W. Holloway & R.T.
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Cross-rgsistanpe of Bacillus thuringiensis  resistant DBM were supplied by the toxicology
population of diamondback moth  Plutella xylostella laboratory at the Department of Ento-
(Lepidoptera: Yponomeutidae) mology, Faculty of Kasetsart University.
O. Sarnthoy, T. Li, P. Keinmeesuke, N.  to B.t. (Ferre 1991). High levels of B.t.The resistance ratio of the Delfin®-se-
T. Saito (Homaet al 1986). was greater than 90 (based on J.C
Department of Ent0m0|ogy TabaShn"et al. (1991) ConCIUded DBM were r_eared atroom tempera—
Faculty of Agriculture that DBM resistance to B.t. declinedure (25-27C with 75% RH) and at a
Bangkok 10900 versely, McGaughey & Beeman (1988gtrain, 50 pairs of pupae were place in a
THAILAND ia i cage (25 x 31 x 27 &nand cotton
demonstratedPlodia interpunctella €29¢ '
ABSTRACT (Indian meal moth) resistance to B.t. di#/0ol impregnated with a 5% honey so-

Ten commercial formulations of insecti-not decline after two generations withlution was provided as a food source.
cides were investigated for toxicity towardsy it selection. However, Hama (1992)j\fter adult emergence, Chinese kale
a population of diamondback moth resisg o mented that DBM resistance to B.geedlings were provided for an oviposi-
tant toBgciIIusthuringiensis(B.t.). Labo- significantly decreased within few gen tion substrate. Hatched larvae fed on
ratory bioassays with larvae showed ng 2 "1 1o "B t resistance in DBMNE kale seedlings. As second instars,

cross-resistance to fenthoate (organo ho%—
phate), benfuracarb (carbamat((a) ?enva?era?@ems to be unstable. they were transferred to a paper-pad-

(pyrethroid), chlorfluazuron (insect growth  Available data suggests th.at resistant?%d plafstlchboxk%S X 3;1 X7 é)mn d
regulator), cartap (tertiary amine), ando B.t. resulted from selection by B.t!€d On Iresh cabbage eava;ga(ssma
abamectin in a population of diamondbackather than selection by, or cross-resi§leraceal. var Capltgta). Thindstars
moth resistant to Delfin®. This populationtance to, other insecticides. The moadiere used for the bioassays.
%hib?;i?@ Qitgfh Crlof's_ret?i?tance t@f action for B.t. differs from that for  Insecticides formulations
uricide®(B.. formulation), btno cross- conventional insecticides (Hove$al.  The insecticides tested included: 1)

resistance to Dipel® 2x or Cental!. 19gg) thus minimizes the possibility 0 : :
formulations). These results suggest thaf ) P ¥ Ofenthoate 50% EC  (Nissan chemical

other groups of insecticides may suppressoss_reSIStance' However, there ago | TD), (2) fenvalerate 20% EC
diamondback moths resistantBd. In- [€POMS Of cross-resistance between dfsymitomo chemical Co., LTD), (3)
creased toxicity as a result of synergisierent isolates of B.t. subspecie$efyracarh 20% EC (Ostuka chemical
between B.t. formulations and other conkurstaki In this study, we investigatedco | |'TD), (4) chlorfluazuron 5% EC
ventional insecticides was found for diathe cross-resistance spectreBdf-re- (jshinhara Sangya Kaisha Co., LTD),

mondback moth. sistant DBM to different groups of in-(5y  cartap 50% SP (Taketa

Key words :Bacillus thuringiensis secticides and different commercial forphaymaculical, LTD), (6) Abamectin

Delfind, cross-resistance, synergism. mulations of B.t. 1.8% EC (Hoechst Co.), (7) Delfin®
Noppuretal (1984) found thatDBM (sandoz, LTD), (8) Thuricide@/P

INTRODUCTION larval mortality from combinations of (sandoz, LTD), (9) Centari® WP

The diamondback moth (DBM), carbaryl/B.t. and ormethomyl/B.t. wergabhott | aboratories) and (10) Dipel®
Plutella xylostellais a serious insect Ngher than that from either carbaryl oby wp (Abbott Laboratories).
pests of cruciferous crops throughout tHE1Ethomy! alone. - However, the insect - pelfin® was mixed at 1:1 ratio with
world. It has adapted to a wide range gforality from the mixture of orthene/ihe following insecticides: (1) phenthoate,
climatic conditions. It has a short lifeB-- Waslower than B.t. or orthene alongo) tenvalerate, (3) benfuracarb, (4)
cycle and high fecundity. The develop! N€ insecticides carbaryl, methomylandhorfluazuron, (5) cartap, (6)
ment of insecticide resistance in thi§"thene combined with B.t. showed nerhyicide®, (7) Centari®, (8) Dipel® 2x
Yponomeutid has made it increasingijihioitory effect on DBM growth (Yen gnd (9) abamectin.

e R & Hsiao 1977). Chlordimeform and .
difficult to control, especially in the trop- > "' ) e
ics. In addition, freqFL)Jent a¥1d excesSiv ntin hydroxide were synergistic with Bloassay Procedure

insecticides applications have only fueleff 1 however demeton-s-methyl and Each insecticide o insecticide mix-
further resistance development in this kmethoate were highly antagonistic witiure was diluted into 5 concentrations with
P t. (Hamilton & Attia 1977). distilled water. A spreader/sticker (Linch

insect pest. to Nihon No
. yaku Co., LTD, Osaka) was
Tabashniletal.(1990) found the first MATERIALS & METHODS added at 200 ppm to each concentra-

field population of DBM resistant to Insect Strains tion. Cabbage leaves (5 x 53mwere

Bacillus thuringiensiéB.t.). Sincethen . . : - .
. o ’ - - ipped in a prepared concentration for
another strain from the Philippines w Delfin®-resistant and non-selectedliPp prep

found to possess over 200-fold resistanazgangkhae Strain, BKO) strains ofl0 seconds. Treated cabbage leaves
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Table 1. Cross resistance spectrum of a Delfin®-resistant strain of DBM to different conventional
andBacillus thuringiensisnsecticides.

. Selected strain Nonselected strain RR
Insecticide 1
LCso LCos LCso LCos LCso LCos

fenvalerate 70.5 835 630 257 2.7 3.3
benfuracarb 71.4 1140 55.3 659 1.3 1.7
phenthoate 36.7 476 16.3 139 2.2 3.4
cartap 20.4 256 28.7 347 0.71 0.74
chlorfluazuron 0.715 6.48 0.486 7.22 1.5 0.90
Abamectin® 0.305 0.190 0.0110 0.347 0.27 0.55
Delfin® 18300 1950 1290000 29700 70.4 113
Bt (A) 638000 104000 604000 36500 0.95 0.35
Thuricide® 23300 2980 869000 238000 37.3 46.3
Dipel® 398000 55000 609000 64400 1.5 1.2

Yvalues ar@pm excet Bt formulations where valuespesent dilution rates.

were placed on a paper pad and left ghlorfluazuron (IGR), 1.3 for tected in the D_eIf|n®-reS|stant_DBM
air-dry at room temperature. Tefig  benfuracarb (carbamate), 0.7 for cartaly:  The mixture of Delfin®/
stars were placed with treated leaveféertiary amine) and 0.3 for abamictin® hlorfiuiazuron showed no synergismin
into a paper-padded plastic cup (10 ciihere was no cross-resistance to the BEther the resistant (CC = 71) and sus-
in diameter and height) and held at rooriormulations Centaria@RR = 1.1) and ceptible (CC = 70) DBM strain. How-
temperature. Mortality was recorded aDipel®2x (RR = 1.5). However, high €V€": the Delfin®/abamectin mixture
48 and 72 hours after treatment for corfross-resistance was detected fgiemonstrated antagonism toward both
ventional insecticides and at one weekhuricide®RR = 37.3). Delfin® resistant and susceptible DBM.
(168 hours) for IGR insecticides. Lar- Synergism between Delfin@nd DISCUSSION

vae that failed to respond to prodding witiether insecticides on selected Delfin®- Cross-resistance
a pendil point were recorded as deatisistant DEM Our DBM strain with resistance to
The data were analyzed with probit The relative efficacies and co-toxic-the B.t formulation. Delfina q
analysis (Finney 1971). Co-toxicity co-ty coefficients (CC) for the Delfin® in- " . ’ » POSSESSE
efficients were calculated as in Suo &secticide mixtures on Delfin®-resistant ' cross-resistance to the convent_lonal
Johnson (1960). and susceptible DBM are compared "Lpsectli:l_?ﬁs Qr_gle(gh(_errhlﬁ.t. fc;lrmlsslattrllons

RESULTS Table 2 and Figure 1. For both Delfin except Thuriclde®s. This refiects the

resistant and susceptible DBM theréim"ar mode of action for the active in-

Cross-resistance spectrum for was a synergistic relationship b(_),[Weeﬁredlentmthese B.t..lnsect|0|d_es derived
Delfina-resistant DBM  Delfin®and Centar®(CC = 203 for re- 10 B.t. subspeciekurstaki The
Delfin® resistant DBM strain Sistant and 136 for susceptible) anghelﬂn@é-resstance n the DBMCstram_ ®
showed no cross-resistance to oth&elfin® and phenthoate (CC = 284 for OVTVﬁ_ né) ::r?ss-rels?tance o q e_nta(rjl
groups of insecticides (Table 1). Theesistant and 118 for susceptible). Syjsc-)m ttl18e Bt ZLFEE aelé)i;_vzvsjv ai?]r;\{[e
resistance ratio (RRs) for this strain wagrgism between Delfin®/benfuracar \urstaki There WéplS o Cross-resis-
2.2 for fenthoate (organophosphate), 2(EC =139), Delfin®/Dipel® (CC = 118)

. - _ tance to Dipel®another B.t. isolated from
and Delfin®/Cartap (CC = 110) was de- ; . .
for fenvalerate (pyrethroid), 1.8 for I p( ) W B.t. subspeciekurstaki Delfin® and

Susceptible DEM Resistant DEM Dipel® gain their toxicity from different
[ mixture [l Single [ mixture [ Single insecticidal crystal proteins that target dif-
ferent receptors in the insect midgut.

60 - : Ferreet al (1991) reported that the tox-
T icity of three crystal proteins (CrylA (b),
n - Jﬂ—l I]_ﬂ CrylB and CryIC) found in B.t. formula-
o i ! ' i 1

" tions varied between field-collected
Cen Thu Aba Chl Car Fen Ben Fenv Dipel

. o - . o _ populations of DBM. They also reported
Figure 1. Toxicitiy of insecticides and mixtures tdBa thuringiensisusceptible and tthel fDBM tibility to th
resistant strain of diamondback moth (Cen = centari; Thu = Thuricide; Aba = abame ‘if.}? e OSS(_) §uscep Ioility to the
Chl = Chlorfluazuron; Car = Cartap; Fen = Phenthoate; Ben = Benfuracarb; Fenv = crystal proteins of Dipel® [CrylA (b)]

Fenvalerate). did not provide resistance to the crystal

Kl

LC5D {ppm)
i
(=]
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Table 2. Relative susceptibility of Delfin®-resistant and susceptible DBM to insecticide mixtures.
Susceptible strain

REsISTANT PEST MANAGEMENT

Resistant strain

Insecticide mixute

LCso(ppm)  Slope cé LCso (ppm)  Slope cc
Delfin
+ Centari 0.76 0.25 136 1.58 1.62 203
+ Thuricide 1.33 1.2 69 24.5 1.2 89
+ Abamectin 0.0292 2.29 74 0.129 1.97 47
+ Chlorfluazuron 0.352 1.44 70 2 1.29 71
+ Cartap 1.83 2.67 83 27 1.86 110
+ Phenthoate 1.26 1.26 118 15.5 1.97 284
+ Benfuracarb 1.27 2.06 85 44.3 1.82 139
+ Fenvalerate 2.73 1.42 56 53.7 2.03 81
+ Dipel 1.43 1.41 82 2.29 1.46 118

: Co-toxicity coefficient of the mixturéSun & Johnson 1960

: : . . cides orPlutella xylostellaand the parasite
protein, CrylB and CryIC, not presentirpo3) toward Delfin®@-resistant DBM. 7, 2cela ol 3 B Enr

the Dipel® formulation. Delfin® and Centari® are formulated  146-148.

Tabashniket al. (1991) suggested from different subspecies of B.t. TheHorway, W.R., M. Cioffi & M.G. Wolfersberger.
that insecticide rotations would not be efsynergistic toxicity of this B.t. mixture ~ 1986. Transport Physiology of lepidoptera
fective in suppressing and reversing thgas also reported by McGaughey & emr:(;?)tg)l(?nrEIatIolnlfié:eRagIOSnag}‘oit. Jdﬁ/'lta'
dgvelop_ment of B.t resistancg becaughnson (1992) for the Indian meal moth.  \/jak and b.pgéters (ed).. Fundamental and
this resistance decreases quite slowlyicGaughey & Johnson (1992) con- applied aspects of invertebrate pathology.
However, Hama (1992) concluded tha$luded that the application of multiple B.t. ~ Ponsenst. Looijen, Wageningen, Netherlands.
DBM resistance to B.t. significantly de-toxins may prolong the efficacy of B.t.McGaughey, WH. & R.W. Beeman. 1988.

; s : . . Resistance Bacillus thuringiensii colo-
clined within a few generations. ThusprOdUCtS against B.t. resistant pests. nies of Indian meal moth and almond moth

we recommend that conventional inseq=yrther work on this resistance Mmanage- (Lepidoptera: Pyralidae). J. Econ. Entomol.
ticides and other B.t. formulations thainent strategy is needed to maintain ac- 81: 28-33.
contain different types of crystal proteingeptable crop protection and environmeloppun. V., T. Miyata & T. Saito. 1984. Cross
be rotated to retard the development @] conservation. resistance spectrum and joint toxic action in
Delfin® resistance in DBM phenthoate selected strains of the diamond-
- T REFERENCES back moth Plutella xylostellal..). Annual
Synergism between Delfin® andrerre, 3., M.D. Real, J. Van Rie, S. Jansens & M.

meeting of the Japanese Society of Applied
other insecticides Peferoen. 1991. Resistance toBheillus

Entomology and Zoology, 2-4 April 1984
Our data show synergistic relation- thuringiensisa bioinsecticide in afield popu-  Utsunomiya. Abstract, p. 74.

ships between Delfin® and conventional !atlon prIuteIIaxonstellas dueto achang.e Sur_], _Y.P. & E.R._ John_s_on. 196_0. Analy3|s_ of

. .. . . ina midgut membrane receptor. Proceedings  joint action of insecticides against house flies.

insecticides. This could be attributed to of the National Academy of Science (USA) J. Econ. Entomol. 53: 887-898.

the slow toxic effect of B.t. formulations

88:5119-5123. Tabashnik, B.E., N.L. Cushing, N. Finson &

compared to conventional insecticideginney, D.J. 1971. Probit analysis! Gam-

The mixture of Delfin® with conven-
tional insecticides also killed DBM faster

H

bridge Univ., Cambridge. 471 p.

M.W. Johnson. 1990. Field development of
resistance iBacillus thuringiensisn dia-

ama, H. 1986. Resistance spectrum to vari- mondback moth (Lepidoptera : Plutellidae).

ous insecticides in the diamondback moth

J. Econ. Entomol. 83: 1671-1676.

than Delfin® alone. Since therewasno pjytella xylostellaL. (Lepidoptera: Tabashnik, B.E., N. Finson & M.W. Johnson.
cross-resistance between Delfin® and Yponomeutidae). Appl. Entomol. Zool. 32:

these conventional insecticides, mixtures 277-284.

could be applied to prevent multiple in-

secticide resistances (Yen & Hsiao

1977).

Delfinamixed with other B.t. formu-
lations showed synergistic toxicity. A
mixture of Delfin®and Centari® showed

teristics of diamondback moth. pp. 455-

1991. Managing resistance Bacillus
thuringiensisLesson from the diamondback

Hama, H. 1992. Insecticide resistance charac- moth (Lepidoptera: Plutellidae). Econ.

Entomol. 84:49-55.

464,InN.S. Talekar (ed), Diamondback MothYen, E.F. & W.F. Hsiao. 1977. Susceptibility of

and other Crucifer Pests: Proceeding of the
Second International Workshop. Asian Veg-
etable Research Development Centre
(AVRDC).

Hamilton, J.T. & F.I. Attia. 1977. Effect of

the highest value for synergism (CC = mixtures oBacillus thuringiensisnd pesti-

the diamondback motRjutellaxylostellato

the combination of micro-pathogens and
chemical insecticides. P. 248N.S. Teleka,
H.C. Yang, S.T. Lee, B.S. Yen & Sun (eds).
Annotated Bibliography of diamondback
moth. AVRDC, Taiwan.
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Decrease in the susceptibility of  Helicoverpa armigera with a PC-software developed at
(Hubner) (Lepidoptera: Noctuidae) to pyrethroid CIRAD (LD, version 4.6) (Giner 1993).
insecticides in Céte d’Ivoire Resistance ratios were determined by

dividing the LD, value of the selected

- ) i H. armigerastrain by that of the sus-
cation bioassay determined the resSpONSEytible strain held in France.

J.-M. Vassal & M. Vaissayre. ceptibility to insecticides. A topical appli-
Centre de coopération Internationale en

Recherche Agronomique pour le

Développement of H. armigeralarvae to several pyre- RESULTS

Unité de Recherche Entomologie throids and organophosphates and moni-

Appliquée (CIRAD) tored any change in pest susceptibility Before 1992 our surveys detected no

B.P. 5035 (Alaux 1994, Alawet al.1997). These Changein pestresistance to deltamethrin

iffr? CzeMontpe“'er Cedex 1 changes may indicate an increasing heé Cypermethrin and the values for strains

erogeneity in the pest population as tH&om Cote d'ivoire were equivalent to

T. Martin number of resistant individuals increase§10se for susceptible strain reared at

Institut des Savanes (IDESSA) Meanwhile, bioassays carried out ifFIRAD (Figure 1).' In 1994, the slope

g;aifcme voire France on a susceptible strainthf Of the concentration/ response curve
' armigerareared for many years on arghar?ge‘j (h_lg_ger S(llg_pe, ﬂa;t(;r( %L)JW?I_)thF

ifici i oth insecticides (Figure . This
INTRODUCTION m&f&é&ﬁi{g & METHODS change was not steady, but indicated a
The  American  bollworm _ potential increase in the proportion of re-
Helicoverpa armigerdHiibner) (Lepi- Our bioassay followed a protocol aggiany individuals in thel. amigera

doptera: Noctuidae) is a major insect petSed by the Entomological Society ot jafion,

of vegetable and cotton in West AfricaAmerica (Anon. 1970). Technical |, 1995 and 1996, an increase in
In the Cote d'Ivoire, pyrethroid insecti-9rades of cypermethrinand deltamethrinn  y/51ues was recorded foi.
cides have been applied for fifteen yeaMere mixed in analytical grade acetongrrﬁfgera to both cypermethrin and
to controH. armigeraand other cotton @nd stored at 4°C. For each active inyejtamethrin (Figures 1) and the slopes
bollworms [Spiny bollwormEarias gredient, we used five serial (geometrizy med to values similar to those re-
insulana, and pink bollworm, cal) concentrations. Third and fo“mborted in 1992 (Figures 2 & 3). When
Pectinophora gossypielkSaunders) instar (40to 80 mgweighy. amigera  oompared to either the strains collected
and the false codling mothwere used for the bioassays. Larvag 19g5.1992 or the susceptible strain at
Cryptophlebia leucotret@Meyrick)]. Wwere se_lected immediately after molting~p AD, resistance ratios of 12:1 and
Pyrethroid insecticides are always mixe@nd weighed. 22:1 were recorded for thesé

or rotated with organophosphate insec- Ve @pplied insecticide concentrationg migera for cypermethrin and
ticides to control leaf pests (mitest0 the dorsum of larvae (1 ml/ 100 M@ejtamethrin, respectively (Figure 4).
leafrollers and sucking insects) and t&vae) with an Amold microapplicator. gl efficacy trials show that 88%
prevent or delay pest resistance in boilthirty larvae were exposed to €ach cons gt instarH. armigerawere still con-

WOrmSs. centration per replicate (three replicates} e by the field rate of cypermethrin

Since 1985, CIRAD in conjunction Mortality was assessed 48 h after applizg ¢ (al)/ ha). However, control effi-
with the cotton research program ggation. Datawas corrected with Aoy, decreased to 30 % for middle-sized
IDESSA surveyed field populations offormula (Abott 1925) then subjected Q3 a6, and to 0 % for late instars (up to

H. armigerafrom Cote d'lvoire for sus- Probitanalysis (Finney 1971). Lval- 3 o jong) (Figure 5).
ues for each insecticide were calculated

" Mleartality (prahils )

— i ol pmeahariin w
E o5 7
a
- B [
= 4 F -
]
X
§ 5 . 54 % 0 %5
'_!' 2 . :tl W - %5
E 4 /
B l L sl i TR T T TV
1 T J LEl nam n1e (] (L0 Lo (L] 1 i
I5A5 1986 [T 1968 1%A% 1950 1991 1992 1993 1984 1955 1% 19T iy permsthrin ipy a.ddg Birae

Figure 1. The increase in LDvalues inH. armigeraresponse  Figure 2. Cypermethrin concentration-response curves docu-
to cypermethrin and deltam&thrin in Cote d’lvoire between 199Fenting a change id. armigeramortality between 1992 and
and 1996. 1996 in Bouaké (Cote d’lvoire).
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_Figure 3. Deltfamethri_n concentra_ltion-reSponse curves docur_ne'p_,ﬁgure 4.An increase in resistance ratios to deltamethrin and
ing a change iki. armigeramortality between 1992 and 1996 in cypermethrin amongl. armigerapopulations collected in Cote

Bouake (Cote d'lvoire). d’lvoire between 1985 and 1996.

DISCUSSION susceptibility to pyrethroids and planto  Heliothis.Bull. Entomol. Soc. Am., 16: 147-

Although many countries report pyre select discriminating concentrations that  153.

3 ] . ; ; i inney, D.J. 197Probit analysis."8Edition.
throid resistance problems with will reduce our resistance screening an@l

. 333 pp. Cambridge, Cambridge University
armigera thisis the firsttime a decreasdOnitoring efforts. Press.

in pyrethroid susceptibility and reduction REFERENCES ~  Giner, M. 1993. Analyse de la dose Iéthale 50.
in efficacy has been documentecHor Abott, WS 1925. A met_hod of computing the Atgller' d’Entomologie Appliquée : Lutte
. ! . effectiveness of an insecticide. J. Econ. intégrée contre les ravageurs des cultures.
armigerain West Africa. Entomol. 18(4): 265-267. CIRAD-CA Montpellier, France, 31/03-1/
Sawicki defines “resistance” as a pestiaux, T. 1994. Prévention de la résistance aux 04 1993. Pp. 149-156.
control failure under field conditions pyréthrinoides chellelicoverpa armigera Nibouche, S. 1994. Cycle évolutifidelicoverpa

L (Hdbner) en Cote d'lvoire. Thése de Doctorat  armigera(Hubner) dans I'ouest du Burkina
(S.aWICkI 1987). Fortunat«_'—zly, no Cor.]trOI 22/12/1994. Institut National Polytechnique,  Faso. Thése de Doctorat, 15/12/1994. Ecole
failure has been repqrted 'n_farmer fields Toulouse, France. 133 Pp. Nationale Supérieure Agronomique,
yet. However, the field efficacy studyalaux, T., Vassal, J.M. & Vaissayre, M. 1997.  Montpellier, France. 143 Pp.
shows that atd. armigeraoutbreak Suivi de la sensibilité aux pyréthrinoides cheSawicki, R.M. 1987. Definition, detection and
could be controlled only if the pyrethroid Helicoverpa armiger&liibner (Lepidoptera, documentation of insecticide resistance, pp.
. .y . . Noctuidae) en Cote d'lvoire. J. of African 105 - 117.In Combating resistance to
is applied in the first days of the pest in- 7 ) T :

. . . . oology, 111(1): 63-69. xenobiotics; biological and chemical ap-
festation (targeting first and second iNanonymous. 1970. Second conference on test proaches, (M. G. Ford, D. W. Holloman, B.
stars). With respect to Sawicki’'s defini- methods for resistance in insects of agricul- P. S. Khambay, and R. M. Sawicki eds.).
tion, resistance has not yet occurred in tural importance - Standard test method for Ellis Horwood, Chichester, England.

Cote d'lvoire. However, laboratory and determining resistance to insecticides in
field tests together show that we are not
far from control failure. The cotton grow-

ing area in West Africa covers many e .
countries, from Senegal to Nigeria and R ;
with the migration habits éf. armigera T
(Nibouche 1994) we believe that this § e
emerging problem is not limited to Cote T o | i
d'Ivoire. | - ik
This topical bioassay procedure was : e
a rather poor indicator of resistance, but ’ - _|_ )
in absence of diagnostic biochemical tests Barvms < lem  lem<laraesJom  larvae s 8 om
and W_hen a_SSOCIated with fleld_ efficacy Figure 5. Relative efficacy of cypermethrin (40 g a.i./ha) among
tests, it provides an early warning of re- different sizes oH. armigera larvae collected in Cote d’Ivoire.
sistance emergence. We have an ex- Percent control determined three days after cypermethrin

tensive baseline of data Binarmigera application.
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Dynamics of fungicide resistance and impact on control Long Island, N, on pumpkin from 1993
of cucurbit powdery mildew to 1996. The main fungicide program
M. T. McGrath and N. Shishkoff These are the only systemic fungicidegas triadimefon applied on a 14-day
Department of Plant Pathology currently registered in the U.S. for powschedule with the broad-spectrum con-
rong Island Horticultural Research  dery mildew management. Despiteact fungicide chlorothalonil applied ona
Cornell Ur{iversity widespread occurrence of strains highly-day schedule. Treatments included
3059 Sound Avenue resistant to triadimefon, this fungicide eftriadimefon applied 1 to 4 times within
Riverhead, New York 11901-1098 fectively suppressed powdery mildew inhis program to assess the efficacy of
U.SA 1991 and 1992, because the resistagiiccessive applications. Benomyl was

e-mail: mtm3@cornell.edu strains were rare at the start of diseasglded to some programs. Additional

development (McGrath 1996a). Followtreatments included the newer, more ef-
INTRODUCTION ing early-season treatment, the pathogeé#ctive SBI fungicides propiconazole
Presently, fungicides are the imporpopulation shifted to predominantly re{Tilt), myclobutanil (Nova), and
tanttool for managing powdery mildewsistant strains and consequentliiflumizole (Procure) to determine when
a disease that affects cucurbit crops etadimefon did not provide full-seasontriadimefon efficacy was compromised
ery year. Systemic fungicides are neede@ntrol (McGrath 1996a). The objecy resistance. Treatments were started
to obtain adequate protection on lowetves of our study were (i) to examineafter detecting powdery mildew by field
leaf surfaces, where conditions are mogge yearly dynamics of fungicide resisscouting. The decision criteria used to
favorable for development of the pathotance, (i) to determine how many appliinitiate fungicide applications was 1 in-
gen, Sphaerotheca fuligineaather  cations of triadimefon contribute to powfected leaf out of 50 mature leaves.
than on upper surfaces (McGratliery mildew control when used withFungicide programs initiated when this
1996b). Unfortunately throughout thechiorothalonil, (jii) to examine the impactthreshold is exceeded have been as ef-
U.S., pathogen strains exist with resisef fungicide use on resistance, and (Mective in mildew management as pre-
tance to the sterol-biosynthesis inhibitingo examine the impact of resistance opentive fu ngicide spray programs
(SBI) fungicide triadimefon (Bayleton) efficacy. (McGrath 1996b). Applications were
and/or to the benzimidazole fungicidesy ATER|ALS & METHODS made with a tractor-mounted boom

benomy! (Benlate) and thiophanate-me- : .sprayer. Disease assessments were
thyl (Topsin M) (McGratret al 1996). Field experiments were conducted ir?

Table 1 The shift in the occurrence of fungicide resistance and efficacy of fungicides on powdery mildew from pumpkin beforiegind dur
an epidemic.

Start of epidemi(,a _ Middle of epidemicb _
‘?ﬁ;%icr)rzefon Resistant Isolates (%) se“fgﬁ@“(%) Resistant Isolates (%) se'\\jlélgzt?é%)
after £ spray after 2°-
Year Treatment applications Triadimefon  Benomyl period® Triadimefon Benomy! spray period$
1993 None 3 0 14.3* 56*
Triadimefon  August 16 0.7 71 15
1994 None 39 0 4.3* 14
Triadimefon  2,17,30 Aug 0.8 90 19
1995 None 80 0 6.4 85
Triadimefon 31 July; 15,29 Aug 4.2 73 77
1996 None 52 48 4.6* 56 31 4
Triadimefon 16, 30 Aug 0.3 66 66

Isolates collected on 11 Aug 93, 6 Aug 94, 1 Aug 95, and 20 Aug 96.

Isolates collected on 1 Sept 93, 19 Aug 94, 18 Aug 95, and 19 Sept 96.

Isolates able to grow on leaf disks treated with triadimeforytd®l or benomyl 20Qig/ml.
Triadimefon applied at 14-day intervals with chlorothalonil applied on 7-day intervals.

Severity on abaxial leaf surfaces assessed on 26 Aug 93, 16 Aug 94, 16 Aug 95, and 29 Aug 96.
Severity on abaxial leaf surfaces assessed on 2 Sept 93, 6 Sept 94, 31 Aug 95, and 11 Sept 96.
Mildew severity was significantly different (P = 0.05) between treatments.

* D O O T QO
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made on lower leaf surfaces wheréequency of tiadimefon-resistant strainfeSistant strains rather than another

chlorothalonilis not particularly effective had increased to 71-90% 16-17 days aftefYS€- _

(McGrath 1996b). the first fungicide application. Further- N conclusion, successful manage-
Fungicide sensitivity was determinednore, other systemic fungicides wer&ent Of cucurbit powdery mildew with

with a leaf disk bioassay described bynore effective than triadimefon, especurrently-registered fungicides is chal-

McGrathet al (1996). Isolates werecially during the second half of the epiiénded by the occurrence and yearly

collected at the start of powdery mildevdemic. dynamics of resistance to triadimefon
development and again after fungicide Benomyl incorporated in the2nd10benomyl. Itisnotpossible to pre-

application. triadimefon plus chlorothalonilfungicid(\f\;IiCt tze eﬁiﬁac%/ of these fl:ngic_idtest

rogram contributed to powdery mildewP2S€d on e Irequency or resistan

RESULTS & DISCUSSION Eon%rol in1995. when bgnomw%sistancétrains the previous year. After one ap-
Triadimefon-resistant strains were ’ icati ici

as not detected before treatmenplication of these fungicides, the patho-

more prevalent at the start of powde . . i ' ifts withi
i P q v | 1094 189\2/ Sgrgowever, in 1996 benomy did not con9€N Population rapidly shifts within two
mildew developmentin - (39; . ; o, nfveeks to predominantly resistant strains.
80%) than in 1993 (3%) (Table 1) and rlirlbute to mildew control when 48% of i h lcati
the pathogen population was resistant fg°nsequently, more than one application

1991-1992 (0%) (McGrath 19963)(;&0th triadimefon and benomyl before0€s not provide additional disease con-

Benomyl-resistant strains were detect trol. Proper timing is critical to ensure
in 1991 (30%), 1992 (10%), and 1004 eatment (Table 1). ication |
I(48%) b(ut W(()e)}e at urfdeteoc)::[able levels Although cross resistance occurd?! one appll_canon s made oy afFer
a 199’3_1995 Table 1) among the SBI fungicides (McGrath the threshold is reac_hc_e_d for greatest im-
o icationf tadimet de & 1996), triadimefon-resistant straing@Ct. However, the initial frequency of
ne applicationf tnadimefon, made resistant strains can become so high that

. . . ._were controlled by propiconazole
after powdery mildew detection within . . : y i i
P Y myclobutanil, and triflumizole (data notcontrol failure may still occur.

afungicide program with chiorothalonil hown). After 2 or 3 SBI fungicide ap-Tiadimefon and benomyl are stil rec-
was effective when the initial frequean . . mmended for managing powdery mil-
of triadimefon-resistant strains was Iesgh,C ations at 14-day intervals, powdery ‘h thev should al -

iidew on lower surfaces of leavesiew; however, they should always com

0, 1 . ..
than 55% (Table 1). Powdery milde i eated with these newer SBls was quifdned with protectant fungicides that are

was significantly less severe on the lowel - i '
surfacgs of triaﬂ(;/imefon-treated than nono"/ (<1%) andwas significantly less thaffot akisk forresistance development

reated leaves 10-14 days after the fir leaves treated with triadimefon (3- REFERENCES

o 0, i i cGrath, M. T. 1996a. Increased resistance to
applicationin 1993, 1994, and 1996 (Tabl %). Propiconazole did not control" triadimefon and to benomyl8phaerotheca

1). There were no significant differencegl)q Og%%z;n"gﬁ\gsqg If;\g :;]acl; iggice; fuliginea populations following fungicide
in disease severity in 1995 when the in s beca\ijvse thei o was halve dpto '2 uoage ver one season. Plant Disease 80(6):
tial Trequency of trladlmefon-res!sta_n zIA. The strobilurine fungicide McGrath, M. T. 1996b. Successful management
strains was 80%. A second applicatio reso.xim-meth | (Sovran), with a differ- of powdery mildew in pumpkin with dis-
of triadimefon was not effective; there nt mode of a?:/t'on trom ,SBIS 2s as ease threshold-based fungicide programs.
were no significant diferences n diseas(éffective as triﬂulmizole when téa:':ed invi glar;rt] DI\I/'lS e'?sli Sgt(S):' 910-9&6. N. Shishkoff

; : cGrath, M. T., H. Staniszewska, N. Shishko
se_zver!ty Qn plan§ sprayed once or twic 906. Th lts firm that the &G. Casella. 1996. Fungicide sensitivity of
with triadimefon in 1993 and 1994. Los - [nese resulls confirm that the i NS i

) . r%(_)C"m_:, in triadimefon efficacy during the Sphaerotheca fuliginepopulations in the

. . United States. Plant Disease 80(6): 697-
growing season was due to selection of o3

EV|Fjence for gen.etlc heterogenelty ina malathion- result directly from pesticide-mediated
resistant population of  Drosophila simulans selection. or from natural variation in sus-

Bruce J. Cochrane, Michael Windelspechtignce typically a monogenic or polygeniceptibility that exists in a population

& Susan E. Brandon . . .
Department of Biology phenomenon? While both theoreticglRobertsoret al. 1995)? Worded dif-

University of South Florida considerations and experimental resulsrently, does natural variation reflect the
LIF 136 suggest that monogenic resistance is tigenetic variation on which pesticide se-
Tampa, FL 33620 most likely to evolve, there are numerlection acts? If so, then certain predic-

Phone: (813) 974-2087
Fax: (813) 974-3263
email: coch@chuma.cas.usf.edu

ous examples of resistance that appei#ons can be made: A) resistance is more
to involve multiple genes and/or mechaapt to be polygenic, since susceptibility is
nisms. This may be critical to the sucinherently a quantitative trait, determined
In the analysis of the genetic basis afess of resistance management prby contribution and interactions between
pesticide resistance, a number of issuggams targeted against agricultural pestultiple loci, and B) the rate at which
have been debated. First, is field resispecies. Second, does pest resistanesistance evolves in a particular popu-
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Number of Lines

10 dose-response curves for the resistant
R Exposed Cone! parental line (CF34) were distinctly lower
than those for the susceptible parental
line (Figure 2). This suggests that sig-
| nificant heterogeneity remains in the re-
sistant CF34 line compared to the sus-
ceptible parental line. The slope of the
dose-response curve for the backcross
ﬂ population was similarly flat. If resis-
0l ‘ ‘ ‘ | ‘ H | ‘ tance was due to a single gene, we would
o e o o o o expect the backcross progeny to consist
° s o . o & ’ of two genotypes, RR and RS, with dif-
50 H -
Figure 1. Distribution of LC values fromDrosophilialines collected at sites exposed ferent resistance levels. The continuous
t0 and free from malathion nature _of _the dose-response_ curves
shown in figure 2 argues against this
lation is influenced by the amount ofseveral lines from control versus exposeglpothesis. Results with the CF11 re-
variation in susceptibility that exists priorsites. The distribution of L¢s for lines - istant line were comparable. Thus, we
to pesticide usage. Finally if resistancéom control sites approaches a normalyclude that resistance was due to
does notinvolve the spread to fixation dffistribution. This seems to be the casgtiple genes, and that these resistance
asingle major allele, then itis quite likelyfor lines from the exposed site excepyjjeles were not fixed even in our most
that significant genetic variation in resisfor the five lines with LGs greater than registant lines.
tance will remain in the population everl.0,000. If we exclude those five lines,  pig pesticide-mediated selection act
after extensive selection. the mean LGs for the two site groups o, variation that was preexistinglin
We recently reported high levels 012,900 for control and 4,000 for exposedimylansprior to malathion use? If so,
resistance to malathion in a populatiogre not significantly different (t=0.16, dfthen we would expect that the differ-
of Drosophila simulanswhere =28,n.s.). The five lines from the €xances in mortality between control and
malathion had been used exclusively arbsed sites demonstrate resistance leynosed populations would reflect dif-
intensively for the control of salt marsfels that are outside of the phenotypifarences in frequencies of resistance al-
mosquitoes (Windelspectttal. 1995). - range found in control populations. Th§sjes rather than presence or absence of
In that report, we surveyed 17 isofemaleC,;s from the control populations doyesjstant alleles. Malathion resistance in
lines ofD. simulangor malathion resis- substantially overlap with those from th‘brosophilaand other species is attrib-
tance and observed L (values rang- exposed populations. uted to point mutations in the gene en-
ing from 14,00 ppm to 81,500 ppm. In Is this resistance at the exposed sit@gding acetylcholinesterasac@, the
contrast, four lines collected from onepolygenic and does it result from seleGyget site of malaoxon (Mutees al.
control site displayed L from 1,800 tion on natural variation present in the 9o4). We have identified this mutation
t0 2,800 ppm. We collected an additionaxisting base population? \We crossegl ey, to Met substitution, position 299) in
18 lines from various nonexposed sitevo of the five resistantlines, CF11 (L,C the Aceallele carried by the CF11 and
in the Tampa Bay vicinity and assayed 18,000 ppm) and CF34(LE66,000 CF34 fine. This mutation dramatically
them for malathion resistanceppm)toasusceptible ine (Guatemala Rers the affinity of the acetylcholinest-
(Windelspechet al. 1995). Figure 1 and backcrossed the grogeny to the erase for malaoxon. The gene allele
compares the distribution of L@ in  resistant parental line. The slopes of thgysegregates with malathion resistance
inisogenic lines derived from thedfog-

10 1

- ag » eny (Cochranetal.in prep.). By com-
£ paring the frequency of this allele in con-
2 €1 - BC, trol and exposed populations, we should
= 4 4 : be able to determine the degree that
5 2 ] : T populations differ in their response to
2 RR )
o malathion.
d 0 "'m 10'00 100'00 ' Flies were collected at two control
sites (Lutz and South Tampa) and at one
Log [malathion], ppm site with a malathion-resistant line
(Riverview). We determined the geno-
Figure 2. Dose-response kinetics of malathion-senstivesophilialine (SS), type and allele frequencies at #hee

malathion-resistant line (RR) and the backcrogsrégeny (BC) to malathion.
1
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locus, as well as at a randomly selected Table 1. Aceallele frequencies in threBrosophilia

control locusifid20 a microsatellite lo- populations collected in the Tampa Bay area.

cus on chromosome II) (Table 1). A Allele
heter(_)duplex analysis detgcted three al- Location Sample Size R 5 o
leles in all three populations. In the

Rlverva populfatlon, the C a_IIeIe, de- Lutz 104 082 386 563
tected in malathion-resistant lines, was

at a higher frequency than in the other South Tampa 73 .048 .384 .568

two control populations. This difference
in frequency was significantly different

grgr;;irg t;asedé)gs\/wﬁht:g ﬁez = _netic variation. Malathion resistance REFERENCES
:76,4.d.1, p<0.05). No similar evi. ppears to result from contributions of\uadro, C.F., K.M. Lado & W.A. Noon. 1988.
dence for differentiation was Obser\/e(imltiple geneticloci. Sind@rosophila Therosyregion oDrosophila melanogaster

at the control locus although avera . andDrosophila simuland. Contrasting lev-
g gspeCIeS have not been targets for g o naturally occurring DNA restriction

heterozygosity atthis locus was Compgg, a1athion control, selection may have  mapvariation and divergence. Genetics 119:
rable to that afice (data not shown). o, jess intense than itwould have been 875-888.

These observations suggest that the pest species. Furthermore, basdd-ter0, AM., M. Pravalorio, J-M. Bride & D.
malathion selection was associated wi areportby Aqu;a dret al (1988) ’an q Fournier. 1994. Resistance-associated point

i i _ ) / . mutations in insecticide-sensitive acetylcho-
t-he change in allele freqqe noles ala e glimate of region, the population size jinesterase. Proc. National Acad. Sci. (U. S.
ticular locus and the resistance-asso

ted allele exists at hiah f 5SSO this cosmopolitan speciesDfoso- A)) 91: 5922-5926.
ate Ia tge eX'StS ‘1. I%t reqlu?rr]l_ues 'é?hila is quite large. Even in our mosfRobertson, J.L., HK. Preisler, S.S. Ng, L.A.
populations not subject to malatnion s esistanDrosophilialines, the potential Hickle & W.D. Gelertner. 1995. Natural varia-

lection. ) . . tion: A complicating factor in bioassays with
Until recently, malathion has beerI](-)r further mglathlon_selectlon EXISIS.  chemical and microbial pesticides. J. Econ.
i A ) hese conditions are ideal for the evolu- Entomol. 88: 1-10.
used widely in Florida for mosquito Con;o,, ¢ hoygenic resistance and the digindelspecht, M., R.C. Richmond & B.J.
trol, especially in the urban areas thal in petween resistance-mediated Cochrane.1995. Malathion resistance levels

i i i . : ) tri ies ob hil
serve as prime habitats Drosophila - g6 or selection on natural varia- e Dros oo oo and
simulans Thus, itis likely that all popu- ;- o , S(Diptera: op )

. . e . . t|0n In Suscept|b|l|ty IS fal‘ from 0bV|OUS Drosoph”a me|anogaste'j1ffer by two or-
lations of thisDrosophilia species in . .
. . . ACKNOWLEDGMENTS ders of magnitude. J. Econ. Entomol. 88:
Florida have been subject to malathion 1138-1143.
selection pressure. In our case, pesti- This work was supported by a grant

cide selection acted on a preexisting g@rom the National Science Foundation.

Riverview 82 .061 .237 .701

Gene pyramiding: An effective strategy of resistance tives of this study were to: 1) evaluate of
management for Helicoverpa armigera and Bacillus transgenic tobacco with Bt and CpTl
thuringiensis genes for insecticidal activity on the cot-
Jian-zhou Zhao & Xianlin Fan portance of transgenic Bt crops in inteton bollworm (CBW),Helicoverpa
Institute of Plant Protection grated pest management (IPM) for tharmigerg and, 2) determine CBW's
Chinese Academy of Agricultural Sciences near future. However, the importancebility to adopt to transgenic tobacco
geg;nghliggom of these crops could be seriously dimirexpressing both the Bt and CpT! pro-
E-mail: zhaoipp@public.bta.net.cn ished by widespread development of réeins versus tobacco with the Bt protein
sistance to these ICPs by the target pestione.
Xiping Shi, Rongmin Zhao & Yunliu Fan  One tactic to prevent insects from adapt- Over 200 CBW adults were collected

gi;’,tecmz'ogg’ Resefa';‘:h,c?t“terl o ing to transgenic Bt crops is to deployrom six counties in three provinces of
B eilj?: ; iog(?sf My ol Agrictlitral Sciences multiple insecticidal genes (pyramiding)North Chinato initiate a laboratory strain
P. R. China in transgenic plants (McGaughey &Zhaoetal.1996). Larvae were initially

Whalon 1992). Transgenic tobacco exeared on artificial diet at 27+1°C and a
Research on transgenic plants exypressing modified insecticidal proteinsl4:10 (L:D) photoperiod (Wegt al.
pressing insecticidal crystal protein (ICPjrom Bt (Cry1A) and cowpea trypsin1992). Each instar was exposed to one
from Bacillus thuringiensigBt) has inhibitor (CpTl) was developed by theof four treatments: 1) a transgenic to-
progressed rapidly in recent years. THgiotechnology Research Center at thieacco line ‘Kongchong 931’ expressing
commercialization of Bt cotton in USA Chinese Academy of Agricultural Sci-both Bt and CpTI proteins (Zhabal.
and Australia in 1996 indicates the imences (Zhaet al. 1995). The objec- 1995), 2) a transgenic tobacco line ex-
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Table 1 H. armigera mortality when reared on transgenic tobacco expressing Bt or Bt + CpTI genes,
nontransgenic tobacco, and artificial diet

% Mortality + SEM"

Instar  Treatment Transgenic Transgenic Nontransgenic Artificial diet
Exposed duration Bt and Tl genes Bt gene alone control control
1 3 Day 99.30.7 a 88.20.7b 67.40.7 c 4.24.2d
To pupation 100 a 100 a 100 a 328 b
2 3 Day 83.34.8 a 55.85.6 b 27.811.1c 2.80.8d
To pupation 100 a 100 a 92.09.03 a 22.22.8b
3 3 Day 80.52.8 a 50.88.3 b 22.22.8¢c 16.44.8 c
To pupation 100 a 100 a T&87b 19.47.3c
4 3 Day 14.45.6 a 15#4.1a 15.86.4a Ob
To pupation 100 a 9242.5a 67.525b 10.85.7c
5 3 Day 6.@4.0 a 4.04.0a 5.84.0a 4.04.0a
To pupation 72.57.5a 67.89.7 a 42.52.5b 6.46.7 C

M Means (SEM) within rows followed by different letters are significantly differ@rd(05, HSD).

pressing the Bt protein alone, 3) dourth and fifth instars were able to putarval mortality was recorded 14 days
nontransgenic tobacco line ‘NC89', anghate when reared on tobacco with thafter exposure. The resulting concen-
4) an artificial diet control. The three linesBt protein, but only fifth instars could tration/response curves were calculated
of tobacco plants were grown in thgupate on transgenic tobacco expresand LG s considered significantly dif-
greenhouse and the tobacco leaves wéig both Bt and CpT] proteins. ferent if their 95% FL did not overlap.
used for this study. Each treatment ex- For eleven generations, second instar After eleven generations of selection,
posed 48 first, 24 second, 20 third, 2EBW were placed and reared on botEBW reared on transgenic tobacco ex-
fourth and 20 fifth instar CBWto one oflines of transgenic tobacco, nonpressing Bt and ICP proteins demon-
four treatments. Larvae were placegtansgenic tobacco and artificial dietstrated resistance ratios to formulated
separately in one cell of a plastic platérom the 2,000 larvae/generation placedrylAc ICP of 2.4 (LG) and 1.9
and the plate was held at the above laben transgenic tobacco 61.5% (50.0 (LC,)(Table 2). In contrast, CBW
ratory rearing conditions. CBW survi-84.4%) survived on tobacco expressingeared on transgenic tobacco express-
vorship was recorded after larvae werBt and CpTl proteins and 59.2% (31.5 ing the Bt gene only demonstrated higher
exposed to a treatments for 3 days arf.0) survived on transgenic tobacco witresistance ratios of 5.5 (L{Fand 13.6
repeated again after pupation. Bt protein alone. After the selectionLC,). The slope of concentration/re-

Mortality of first, second and third in- period, second instar (2-4 mg) CBWsponse curve for the CBW reared on
star CBW after three days of exposurfom each treatment were screened feransgenic tobacco expressing the Bt
was significantly lower on transgenic tosusceptibility to a microbial BT insecti- protein alone is much lower than other
bacco expressing the Bt protein coneide with the CrylAc ICP (MVP, treatments, suggesting greater variabil-
pared to tobacco expressing both the Blycogen). The bioassay procedure réty and higher potential for resistance
and the CpTI protein (Table 1). Bottported by Zhaet al.(1996) was used. development.

Table 2. Resistance ratios (RR) bf. armigeralarvae to CrylAc Bt ICP after 11
generations of selection on transgenic tobacco.

Selection treatment b (SE) & 95%FL RRI! LCew RRZ?
(ma/l)
Btand CpTl genes 248(025) 312 239408 24b 1029 19
Bt gene 1.27(0.11) 70.2 52.4-94.0 55a 723.8 13.6

Nontransgenic control 2.10(0.24) 13.1 9.4-18.1 1.0c 53.5 1.0

Artificial diet control 2.10(0.19) 12.8 10.1-16.3 10c 53.2 1.0

" RR1=L G treatment/LG of artificial diet control, RRs within a column followed by
different letters are significantly different.

' RR2=L. Gy treatment/ LG of artificial diet control.
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. . . 25(6):9-14.
This stgdy suggests that transggntalnable use of Bt transgenic crops. Zhao, J.Z.. M. Lu, X. Fagt al. 1996. Resis-
tobacco with both Bt and CpTl proteins REFERENCES tance monitoring offelicoverpa armigera
will delay resistance developmenHn McGaughey, W.H. & M.E. Whalon. 1992.  toBacillus thuringiensi# North China. Re-
armigerato Bt ICP, relative to transgenic  Managing insect resistance Bacillus sistant Pest Managemer;t 8(2): 20-2:;.I

. . thuringiensigoxins. Science 258:1451-1455.Zhao, R.., Y. Fan, X. St al. 1995. Highly
tObaCC.O.WIth the Bt protein Only' Gen ei, C., Y. Zhao, X. Fagt al.1992. Selection of insect-resistant transgenic tobacco plants
pyramiding could be a valuable strategy cotton bollworm by fenvalerate, malathion  containing both Btand CpTlgenes. Chinese
for resistance management and the sus-and their mixture. Acta Agricultura Sinica~ J. Biotechnology 11:1-5.

Genetic basis of diamondback moth resistance to or additive ifh= 0.5, partially recessive
Bacillus thuringiensis  toxin Cry1C ifO<h< 0.5,_and partially _dominant if
Yong-Biao Liu and Bruce E. Tabashnik  yoyicity comparisons. All bioassayswerd-> <N <1 (Liu & Tabashnik 1997a).
Department of Entomology | . : To test for genetic linkage between
R . conducted at 28°C and 14:10 (L:D) pho- . )
University of Arizona LD)p resistance to Cry1C and resistance to

Tucson, Arizona 85721 toperiod. . .
USA After six selections, we did recipro-crylA’ we used correlation analysis
AS Institute 1985) to compare mor-

cal mass crosses between NO-95C al(ﬁ_
Field-evolved resistance Racillus | AB-P. Males were distinguished from@1Y ©0 Cry1C and CrylAb among the

thuringiensigBt) by diamondback moth females by the lighter coloration on thé s SPit Proods of single-pair families.
has been reported from many locationgith abdominal segment of mature lar- RESULTS & DISCUSSION
around the world (Tabashnik 1994, Perezae (Liu and Tabashnik 1997b). We After six selections with Cry1C, the
& Shelton 1997). Aimost all these recrossed thirty NO-95C females withresistance level to Cry1C for the NO-
ports involve resistance td. thjrty LAB-P males and crossed thirtyd5C had increased from 22-fold to 62-
thuringiensissubsp.kurstaki (Btk) | AB-P females with thirty NO-95C fold. The realized heritability of resis-
(Tabashnik 1994, Ligt al 1996). We males. Third instars from the prog- tance to Cry1C was 0.10 (Liu and
recently reported field-evolved resistancgny and the parental strains, LAB-P an@iabashnik 1997a). Resistance to Cry1C
to toxin Cry1C ofB. thuringiensis NO-95C, were bioassayed with sixvas autosomally inherited as no signifi-
subspaizawali(Bta), as well as low level concentrations of the Cry1C toxin.  cant difference in LG occurred in ei-
resistance to a spore-crystal formulation The F progeny were then back-ther reciprocal crosses between the NO-
of Bta (Liuetal 1996, Liu & Tabashnik crossed with LAB-P. The,®ffspring 95C and LAB-P strains.
1996). From the resistant field populagyere reared and mated as 16 single-pair The dominance of Cry1C resistance
tion, we established a Cry1C resistafhmilies. The Flarvae from each fam- depended on the formulation concentra-
laboratory colony. This article summaily were bioassayed with single concention. At the LG, of Cry1C, F progeny
rizes our efforts 1) to further increasgrations of Cry1C and Cry1Ab. from the mass crosses (reciprocal crosses
resistance to Cry1C in this laboratory \we used probit analysis (SAS Instipooled) were significantly less suscep-
strain through selection, and 2) to assegie 1985) to estimate L{Values and tible to Cry1C than LAB-P, but did not
the genetic basis of resistance to Cry1859 fiducial limits for the Fand paren-  differ significantly from NO-95C. Re-
(Liu & Tabashnik 1997a). tal colonies exposed to Cry1C. Resissistance to Cry1C was partially domi-
MATERIALS & METHODS tance ratios were calculated by dividingnant wherda = 0.63 (converted frof

A laboratory strain (lab-p) of dia- the LG, for a strain by the L¢:for the = 0.26). Dominance of Cry1C resis-
mondback moth served as our suscepusceptible strain LAB-P. We also caltance increased as the concentration
tible strain in this study. In the field, ourculated the realized heritability of resiselecreased. Resistance was recessive
resistant strain (NO-95) had evolvedance fromthe selection with Cry1C (Liuat 10 ml Cry1C formulation per litdr£
about 22-fold and 4-fold resistance t& Tabashnik 1997a, Tabashnik 1992)0), partially recessive at 2 ml per liter (
Cry1C and Bta, respectively (Latal Dominance of resistance was estimateel0.44), and almost completely dominant
1996). The NO-95 was selected witly combining Stone’s (1968) methodbt either 0.08 or 0.4 ml per litér< 0.88
Cry1C six imes in the laboratory to givé®@sed on LGs and Hartl's (1992) and 0.98, respectively).
rise to the selected strain NO-95¢Method based on single-concentrations. Resistance to Cry1C was not linked
Leaf-residue bioassays (latial 1095, The degree of dominandg)(from the  with resistance to Cry1Ab. Mortality
Tabashniket al 1993) were used for Stone’s (1968) was converted to theaused by Cry1C was not correlated with
the selection process and toxicity corrfdominancery) from Hartl's (1992) defi- mortality caused by Cry1Abin the split-
parisons. We used a liquid formulatiorition ash=(D+1)/2. Values dfirange brood bioassays of,Fprogeny from
of Cry1C for the selections and liquicffom O (completely recessive resistanceingle-pair families of foackcross prog-
formulations of Cry1C and Cry1Ab 10 1 (completely dominant resistanceleny. This indicates thatthe gene or genes
(Mycogen, San Diego, CA, USA) for Resistance is described as codominatiat confer resistance to Cry1C segre-
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gate independently of the gene(s) th(()i[_iu & Tabashnik 1997¢c, Tabashnik liner in Central America. J. Econ. Entomol.

; 90:87-93.
confers resistance to CryLAb. _1994b). The independence of CrylGas institute. 1985. SAS user's guide: statis-
The value of 0.10 for the realizeq,

L _ esistance from CrylA resistance sug- tics, 5th ed. SAS Institute, Gary, NC.
heritability of resistance to Cry1C WaSests that Cry1C and Cry1A toxins migh$tone, B. F. 1968. A formula for determining
intermediate between the low valuegg \,sefulin rotations or mixtures for de-  dedree of dominance in cases of monofacto-

(0.022 and 0.069) for heritability of re'laying resistance. rial inheritance of resistance to chemicals.

; ; ; WHO Bull. 38:325-326.
sistance '[.0 Bta (Liu & Tabashnik 1997C.) REFERENCES Tabashnik, B. E. 1992. Resistance risk assess-
and _the hlgh \_/alues (0'14'0'18) for he_rhartl, D. L. 1992. A Primer of Population  ment: realized heritability of resistance to
tability of resistance to Btk (Tabashnik Genetics, 2nd ed. Sinauer Associates, Bacillus thuringiensis diamondback moth
1992). Autosomal inheritance of resis- Sunderland, MA. (Lepi_doptera: Noctuid_ae),tobacco budworm
ance o CyAC sconsisentwihallohe . &5 & Ttk 108, Damon - (peneis Vo) s oy
. . ack moth resistanceBacillus thuringiensis : .
reported Bt resistance. Bioassays from o1 <in ‘e field. Resistant Pest  J. Econ. Entomol. 85:1551-1559,
split broods of single-pair families con- Management 8(1):44-45. Tabashnik, B. E. 1994a. Evolution of Resis-
firm that the genes for CrylC and.iu, Y-B. & B. E. Tabashnik. 1997a. Inherit-  tance tBacillus thuringiensis Annu. Rev.
CrylAb resistance segregate indepen- ance ofresis_tance tpﬁacillusthuringiensis Entomol. 39:47-79. o
dently in diamondback moth (Liu etal. teXin CryLCinthe diamondback moth. Appl.Tabashnik, B. €. 1994b. Delaying insect adapta-
Environ. Microbiol. 63:2218-2223. tion to transgenic plants: Seed mixtures and
1996)_' . . Liu, Y. -B. & B. E. Tabashnik. 1997b. Visual  refugiareconsidered. Proc. R. Soc. Lond. B
This field population of diamondback  determination of sex of diamondback moth ~ 255:7-12.
moth from Hawaii harbors at least one larvae. Can. Entomol. 129:585-586. Tabashnik, B. E., N. Finson, C. . Chilcutt, N. L.
recessive mutaon confering reSistand, 8 o ey nsect - g elicencyofbbaseays Evalaing g
. . mental evidence that refuges delay insect ad- : -
to Cry1A toxins (Tabashnét a|'1997a)_' aptation toBacillus thuringiensis Proc. R. tance tdBacillus thuringiensiin diamond-
as well as gene(s) that confer partially goc | ond. B 264:605-610. back moth (Lepidoptera: Plutellidae). J. Econ.
dominantresistance to Cry1C. Thus, thau, Y. -B., B. E. Tabashnik & M. W. Johnson. ~ Entomol. 86:635-644.
dominance of resistance can vary among 1995. Larval age affects resistancBaail-  Tabashnik, B.E., Y. -B. Liu, N. Finson, L. Masson
Bt toxins for a single insect population,  usthuringiensii diamondbackmoth (Lepi- - & D. G. Heckel. /1997a. One gene in dia-
Also. f . in. the domi f doptera: Plutellidag). J. Econ. Entomol. mondback moth confers resistance to four
S_o’ oragiventoxin, the Omlnanceo 88:788-792. Bacillus thuringiensigoxins. Proc. Natl.
resistance can vary among diamondbagl, v. -B., B. E. Tabashnik & M. Pusztai-Carey.  Acad. Sci. USA 94:1640-1644.
moth populations from differentlocations  1996. Field-evolved resistanceBacillus ~ Tabashnik, B. E., Y. -B. Liu, T. Malvar, D. G.
(Tabashnilet al.1997b). These results thu;ir?géifnsfic?oﬁn Cr)é)llCE iﬁ' giar;ogdt?ck JHeka/ll,,L. Maszo;,\':/. Bqllesltgg;:berg?egol,
. moth (Lepidoptera: Plutellidae). J. Econ. J. L. Mensua & J. Ferre. . Global
Cas.t some doub on the eﬁec_t veness of Entomol. 89:798-804. variation in the genetic and biochemical basis
reS'Stan(?e management taciies, the  perez, C.J. & AM. Shelton. 1997. Resistance of diamondback moth resistanc@illus
refuge/high dose strategy expected to of Plutella xylostella (L.) (Lepidoptera:  thuringiensis Proc. Natl. Acad. Sci. USA (in

works best when resistance is recessive Plutellidae) tBacillus  thuringiensisBer- press).

Honey bee hygienic behavior as a defense against fense againstarroa mites. Hygienic
Varroa jacobsoni mites bees detect and remove diseased brood
Marla Spivak and quantity of_bee colonie_s av_ailable fdrom th(_a nest before the pathogg:n _be—
Department of Entomology honey production and pollination. Curcomes infectious, and remove mite-in-
219 Hodson Hall rently, the only approved treatment fofested pupae interrupting the reproduc-
University of Minnesota the mite is the pesticide Apistan®tive cycle of the mite.

St. Paul, MN 55108

spiva001@maroon.tc.umn.edu (fluvalinate) which is applied in strips A two-way selection program for

within the bee hive. The risks of conhygienic behavior was initiated at the
The article is an update of researciaminating honey with pesticides and theJniversity of Minnesota in 1992. Colo-
reported in this newsletter in 1996, vol. glevelopment of mites resistant to theies are selected for hygienic behavior
no. 1, pp. 42-44. The reader is referrd@psticide are formidable. Itisimportantusing a freeze-killed brood assay inwhich
to Spivak (1996) and Spivak and Reutdherefore, to determine if honey beethe time taken to remove a 5xiBicm
(1997) for more detailed descriptions ofave any natural, heritable defenssection of frozen pupae is recorded.
the methods. mechanisms against the mite which maylygienic queens are reared from colo-
The parasitic mitd/arroa jacobsoni be readily incorporated into breeding proaies that remove all of the freeze-killed
is the most destructive pest of honey bed#ams. brood within 48 hours over two trials.
Apis melliferain the U.S. and Europe.  Hygienic behavior is one mode ofThe queens are instrumentally insemi-
Since its introduction into the U.S. inresistance to at least two diseases of larated with semen from drones of differ-

1987, this mite has reduced the qualityd! and pupal honey bees and is a dent hygienic colonies.
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Figure 1. The mean percent removal of pupae experimentally infestedAaitioa mites by the

hygienic (open bars) and non-hygienic (solid bars) colonies from 1994 through 1997. The
numbers of infested pupae removed were counted on the tenth day after the mites were
introduced (or one day before the pupae eclosed). One mite per cell was introduced into 10 cells
containing a recently sealell Bstar larvae. The mites were introduced through the bases of
specially constructed cells. The control cells weperted and closed with no mite introduction.

Lines of hygienic and non-hygieniccolonies. Some of the hygienic colonieby the beekeeping industry, it is impor-
colonies were bred and tested for the{ivith the same queens) that removegnt to determine whether colonies with
ability to remove pupae experimentalljow numbers of infested pupae in 1999aturally mated queens from hygienic
infested withVarroa mites (Spivak removed large numbersin 1996, indicaktock produce as much honey, have lower
1996). The hygienic and non-hygienidéng that the low removal rates in 1995ncidences of diseases and have lower
lines used in the experiment were bredere due to environmental rather thalevels ofvarroamites than colonies bred
from stock derived from Italiad. genetic factors; however, the nature dfom commercial stock.
mellifera ligustica those factors remains unclear. In March 1996, hygienic queens were

The results of four years are shown Inseminated queens are used agared and naturally mated in an apiary
in Figure 1. Results of 2-way ANOVA breeder stock within the beekeepingfa commercial beekeeperin Texas. For
for each year indicated that the hygienicommunity, but naturally mated queensomparison, unselected “commercial”
colonies removed significantly more in-are preferred in colonies used for honeyueens were reared and mated in the
fested pupae than the non-hygienic col@roduction and pollination. Early genetiGame location. The colonies were trans-
nies in all years except 1995. In addstudies on hygienic behavior suggestgsbrted to Wisconsin in May, and those
tion, the hygienic colonies removed sigthat the hygienic trait is recessivewith marked hygienic queens (n = 49)
nificantly more pupae infested with ongRothenbuhler 1964). However, experiand marked commercial queens (n = 46)
mite per cell than control pupae, excephents in 1995 and 1996 indicated thatere distributed in four apiaries. In June,
in 1995 when they removed more pugueens raised from inseminated stoake colonies were evaluated for popula-
pae only when two mites per cell wereetained the hygienic trait when theytion size, incidence of diseases, and tem-
introduced. There were no differences/ere outcrossed with unselected malgserament. In September, the colonies
between the amount of infested and coSpivak & Reuter 1997). were evaluated for honey production, and
trol pupae removed by the non-hygienic  If hygienic queens are to be utilizednite loads. The results indicated that the

Table 1. Comparison of hygienic (n=49) and commercial (n=46) colonies headed by open mated queens.
Values shown for hygienic and commercial colonies are meatendard deviations. Evaluations of

frames of bees, frames of brood, temperament, and chalkbrood were made in June 1996. Remaining
measures were made in September 1996. All colonies were scored independently by 2 people and scores
were averaged. Last column indicates whether values are statistically different: ns = not sidnificant,

0.05; * = significantP_> 0.05 (2-way ANOVA comparing bee line and apiary site).

Criteria Measurement Hygienic Commercial P
Frames Bees range 1-20 frames 17.4+ 1.38 17.3+ 1.74 ns
Frames Brood range 1-20 frames 10.1+ 1.85 10.0t 1.52 ns
Temperament # stings received: 014+ 0.32 002 0.15 ns

0 = none; 1= one or more a -
Chalkbrood # mummies on 2 frames: 0.67+ 0.85 1.78¢ 1.07 *
Disease 0= none; 1=<5; 2= 5-20; 3=>20
Honey Production  pounds harvested 90.0+ 36.56 66.8- 32.20 *

Varroa mite load # mites / 100 bees 0.6+0.86 1.04+1.09 *
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hygienic colonies had significantly lowerto compare the mite loads among thieis possible to select for hygienic behav-

levels of chalkbrood disease, naolonies over a longer period of timeior without compromising honey produc-

Amercian foulbrood disease (compare@lthough the data is being tabulated cution. Extension efforts are underway to

to 6 commercial colonies with the distently, preliminary results indicate theencourage bee breeders to select for the

ease) and produced significantly morlygienic colonies again have lower inbehavior to so that hygienic queens from

honey. Importantly, the hygienic colofestation levels. They also had signifivarious lines of bees may be available to

nies had significantly lower levels of mitecantly lower incidence of disease antieekeepers.

in three of the four apiaries. All otherproduped as much honey as the Starline REFERENCES

measures were the same between tbelonies (113 Ibs and 101 Ibs averag@othenbuhler W. 1964. Behavior genetics of

hygienic and commercial colonies.  respectively). nest cleaning behavior in honeybees. I. Re-
The same experiment was repeated In sum, the inclusion of hygienic be-  SPonse of four inbred lines to disease killed

. . . . . . . e brood.Animal Behaviof.2: 578-583.

in 1997 in collaboration with a differenthavior as a selection criterion in breedsyay m. 1996. Honey bee hygienic behavior

commercial beekeeper. The aims weirrg programs is highly desirable because and defense againsarroa jacobsoni

to compare the hygienic colonies tdt provides a natural defense against Apidologie27: 245-260

“Starline” colonies, a commercial lineAmerican foulbrood disease, chalkbroodPvak, M. and G. A. Reuter. 1997. Perfor-

. . . . . mance of hygienic honey bee colonies in a
renown for high honey production, andlisease, aridarroamites. In addition, - ./ apiarypidologie In press.

Inheritance of resistance to chlorpyrifos in the German

cockroach nism now present in many populations
_ o _ of German cockroaches.

Donald G. Cochran Despite these difficulties, my studies | this study, | crossed the highly-re-

Department of Entomology conducted with the tarsal-contact bioass | in Wi

Virginia Polytechnic Institute & State sav indicate that instances of hi h_le\?%'Stant Las Palms strain with t.he.VPI-

University y kit 9 "éusceptlble strain. The results indicated

Blacksburg, VA 26061-0319 resistance to chlorpyrifos in the Germaghat one major gene was responsible for

UNITED STATES cockroach have increased sharply singgst if not all, of the chlorpyrifos resis-
1990 (Figure 1). The ability to reliablyisnce in this strain

Current address: detect this high-level resistance (Cochral '

1205 Kings Landing Road o r?\/IATERlALS & METHODS

Hampstead, NC 28443 ;997), allowed me to use a dlscrlmlna'F-

UNITED STATES ing time to separate phenotypes. This Insects

simplified this study of inheritance This study was performed with a
Resistance to chlorpyrifos in isolateanechanism of high-level chlorpyrifosre/p|-susceptible strain and a Las

populations of the German cockroactsistance in the German cockroach.  paims resistant strain (Las Palms)
Blattella germanica(l.), has been  In an earlier study, Siegfriegt al. cojlected in Miami, FL in 1990. The
known for many years (Milietal.1987, (1990) reported that chlorpyrifos resist 55 palms strain was maintained in
Schal 1988, Cochran 1989, Rust &nce inthe German cockroachwas cohe |aboratory without selection
Reierson 1991). Often the level of retrolled by more than one factor. Theyressure.

sistance detected is quite low (Cochragiso reported that this resistant strain
1995), but varies among populations arshowed an enhanced ability to hydro-
is significantly influenced by the bioas-yze chlorpyrifos and an increased levdReciprocal crosses between these
say method (Miliet al 1987, Cochran of cytochrome P450-dependenfWO Strains were conducted. The
1989, Siegfriecet al. 1990, Rust & monooxygenase activity in comparisof€Sulting F progeny were examined
Reierson 1991). A LT (lethal ime to with a susceptible strain. This strain hatp! their response to chlorpyrifos.
kill 50% of a population) resistance ratican LT, resistance ratio of 4.5. In spiteackcrosses were also made
of 5.0 has been shown as the equivalenit an LD, resistance ratio of 22, thisPetween the fprogeny and the Las
to a LD, resistance ratio of 10-20 orstrain may not have had the high-levdPalms strain. Thg* goodness-of-
even higher (Miliet al. 1987, Siegfried resistance (L, > 20) to chlorpyrifos fit test determined if observed results
et al. 1990, Scharf 1994). However, indescribed here. Inaddition, the biochem#liffered significantly from expected

a tarsal-contact bioassay (lethal time aral differences between the resistant aidtios based on an hypothesis of
jar test), the results may differ greathsusceptible strains were not larg@utosomal, monofactorial, Mendelian
depending on the insecticide concentrgSiegfriedet al. 1990, Siegfried & Scott inheritance.

tion (Coch_ran 1997). _ If t(_)o high of §1_992): It is not _clear vvhat, if any, rgla— Toxicity Bioassays
concentration chlorpy_rlfos is used, resigionship thosc_e blochemlcgl mechanlsmEar ge nymphs (5% instars) were
tance may be essentially masked.  have to the high-level resistance mechiaé sted for their response to

Genetic Crosses
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chlorpyrifos by exposure to glasgjuestion be inherited monofactoriallypbased on more than 200 individuals. We
surfaces treated with 0459 (Al)/ and that at least one phenotype hestimate that the frequency of the resis-
cn® chlorpyrifos (Cochran 1989). distinguishable from the otherstance gene was >0.95 (Cochran 1994a).
Technical grade chlorpyrifos (94%)pPresent by toxicological testing.Bioassays on the, Feciprocal-cross

was supplied by DowElancoThese conditions were met. progeny produced mortalities above

(Indianapolis, IN). Five replicates RESULTS & DISCUSSION  90%. Theoretically, values nearer to
of ten insects from both,Brogeny  The Las Palms strain was highly rel 0070 Were expected. Heterozygotes
groups were tested with chlorpyrifossistantto chiomyrifos. Originally, no mor- e slightly more tolerant of exposure
and mortality was recorded OVelality among these roaches occurreg chlorpyrifos than susceptible |n_d|V|du-
time. The results were pooled angring a 48 h exposure period. Schaft (Table 1) and 100% mortality was
analyzed by probit analysis (SAS(1994) reported an LDresistance ra- notalways achieved. Apparently, asmall
1985). Similar analyses werg;g of apout 50 for this strain, butan)T percentage of heterozygotes can survive
conducted on the VPI and Lasys. He did not state the concentratioff@2SUre ©0 0.5 mg (Al)crehiorpyrifos
Palms strains, and a discriminatingy chiorpyrifos used in the tarsal-conta @r48 h. Alonger exposure period wold
time was established from responsegethod, but it appears that it was higcﬂave resulted in higher mortality. Back-
of susceptible, heterozygous, an@nough to mask resistance. The dat’ osses to the Las Palms strain produced
resistant individuals. All tests Wereshown in Table 1 for this strain are based °9€nY that showed approximately
done at 21-2%. ona72 hexposure to chlorpyrifos at0.80 7 Mortality when exposed to

Synergist Studies mg (Al/cn?. Even longer eXposurechlorpyrifos. In both (Table 2) back-

. : : .crosses, the data fit a 1:1 ratito<©.64,
The synergists studied weravould resultin a higher resistance ratlgf: 1P>0.3and &= 144, ?: 1P

; i ince little or no increase in mortality oc- . ,
piperonyl butoxide (PBO) and S,S,SS ty >0.2). These results are consistent with

tributylphosphorotrithioate (DEF). curred. . . -
Both were applied at a Resultsfrom the genetic analysis of hypothesis of a simple, autosomal, in

concentration of 3.0 nl (Al) /chand chlorpyrifos resistance are shown ir?_ompletely recessive m_hentanc_:e mecha-
o e ) . nism for chlorpyrifos resistance inthe Las
a synergistinsecticide ratio of 6:1.Tables1and2. progenyresultingfrom . " iikely that this inherit-
The results are reported ageciprocal crosses between the vPlP th B |
differences in mortality resulting susceptible strain and the Las Palnfd!ce Patem IS common among populia-

; ) . f German cockroaches showing
i i hlorpyrifos-resistant strain were suscep%(.)ns 0 . .
from exposure to the insecticide-£7OPY igh-level resistance to chlorpyrifos as

synergist combination in comparisorfidle to chlorpyrifos (Table 1). LTre- ) e
with insecticide alone. sistance ratios for the, Brogeny were demonstrated by the tarsal-contact bio

. ssay.
: 2.2 and 2.7 from reciprocal crosses. . . .
Gene Frequency Estimate 1y .ce gataindicate that chi orpyrifos re- Neither piperonyl butoxide or DEF

The gene frequency of thegistance is not sex linked and that thacd & detectable effect on the mortality
chlorpyrifos-resistance gene in th§yneritance mechanism is incompletel FVPI-susceptible strain when exposed
Las Palms strain was estimated withscessive. o chlorpyrifos (Table 3). Similarty, pip-
the Hardy-Weinberg equilibrium " Taple 2 confirms that all individuals &0 Putoxide had no effect on mortal-
expression (Falconer 1981) agom vPl-susceptible strain were killed™ the Las Palms strain when exposed
described by Cochran (1994aby the 48-h exposure to 0.5 mg (AI)}O chlorpynfos._ In contrast, DEF in-
1994b). The essential features Qfiye chiomyrifos. In comparison, the Las-'eaSed mortality to >70%. While not

this approach were that the trait ifbaims strain had a m ortality of 6_G%conclusive proof, these data suggest that
enhanced hydrolytic-enzyme activity is

1985 - 1989 1990 - 1995 the principal biochemical mechanismin-
0T . volved in the Las Palms strain’s resis-
@ jz s tance to chlorpyrifos.
g 5 This conclusion does not agree with
‘g 20 1 22 Siegfriedet al (1990). Several factors
Z 101 9 L 8 may contribute to this discrepancy. First,
0 ‘ [ 1 ‘ . the mortality data presented by Siegfried
<5 5-10  >20 <5 5-10  >20 et al. (1990) revealed an overlap be-
Resistance Ratio tween the regression lines representing

Figure 1. Changes in the level of resistance to chlorpyrifos over the past decade in the phenotypes tested. Without a clear
field-collected populations of the German cockroach. Resistance RatiogsiBtance separation of at least one phenotype, it

. . . . B . 50
ratio/ LT50 susceptible strain) determined with tarsal-bioassay. would be difficult to show monofactorial
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; : i~ able 1. German cockroach response to chlorpyrifos for progeny from reciprocal crosses
inheritance (Cochran 19948.). Also Slrlceoetween the VPI susceptible and Las Palms resistant.

the line separation was not great, the domstrain/cross L% (min.) Slope + SE RR
nance relationship would be difficult to :

establish. Our data shows that the re¥"" SUscePtble 128 40+03
sistant phenotype can be separated witkes Palms M x VPI F 277 39+03 2.2

ahigh degree of resolution by the tarsaly 5, \; | as paims F 345 27403 27

contact bioassay (Tables 1 and 2). Sec- _
ond, it appears that a new mechanism df2s Paims resistant >4320 >30

resistance to chlorpyrifos may have de"Based on 72 h of exposure to chlorpyrifos-treated surfaces. Even longer exposures did not
veloped in the German cockroach sincencrease mortalt significantly, butproduced tgher resistance ratios.

1990 as suggested by the synergism be-
tween the hydrolytic-enzyme inhibitor ~ (Dictyoptera: Blattelidae). J. Econ. Entomol. - Chiorpyrifos resistance in German cock-

. 87: 1- roaches (Dictyoptera: Blattellidae) from
DEF and chlorpyrlfos on roach mortal Cochran, D. G. 1994h. Resistance to pyrethrins restaurants. J. Econ. Entomol. 84: 736-

ity (Table 3). This factor by itself could i the German cockroach: Inheritance and 740,
explain the apparent discrepancy men- gene-frequency estimates in field-collectedsAS Institute. 1985. SAS User’s Guide: Sta-
tioned above. Third, it is possible that Ppopulations (Dictyoptera: Blattellidae). J. tistics. SAS Institute, Cary, NC.
the resistance mechanism employed by Econ. Entomol. 87: 280-284. Schal, C. 1988. Relation among efficacy of
the insect mav be influenced by the bicc ochran, D.G: 1995. Insecticide resistance. pp mse;ﬂqdes, resistance levels, and sanita-
y X yther 171-192.In: M. K. Rust, J. M. Owens, and  tion in the control of the German cock-
assay used to detect resistance. Differ- p. A. Reierson [eds.], Understanding and  roach (Dictyoptera: Blattellidae). J. Econ.
ences in uptake and distribution of the controlling the German cockroach. Oxford  Entomol. 81: 536-544.
insecticide achieved by the two bioaséo;r;gr?rs[i;y grelsgél;lev'\(ﬂ \ifsolj:-e o e tarsalSharr, I\I/I 129;1). Gte'\rﬂm?nlcéczgl)(rtj)gc;] 2resistance
. . , D. G, . - explored. Fes . . -1z,
Say methOdS (Slegf!‘laﬂal 1990) C‘_JUId, contact method for detecting insecticide rESiegfrE)ed, B.D. and%. G. Scott. 1992. Bio-
lead to differences in how synergistsin- sistance in the German cockroach —chemical characterization of hydrolytic and
fluence the level of resistance detected. (Dictyoptera: Blattellidae). J. Econ. Entomol.  oxidative enzymes in insecticide resistant
(In press). and susceptible strains of the German cock-
Cochran, 5 EFEQRQEHC%E%Q for insecti-" &lconer, D. S. 1981. Introduction to quantita- - roach (Dictyoptera: Blattellidae). J. Econ.
cide resistance in field-collected strains of thﬁ/l' tive genetics. 2nd ed. Longman, L ondon. , En.tomol. 85:1092-1096.
German cockroach (Dictyoptera: ilio, J. F, P. G. Koehler and R. S. Pattersorsiegfried, B: D., J. G. Scott, 'R. T. RF’USh and
Blattellidae). J. Econ. Entomol. 82: 336-341. 198.7' Evaluathn of thr.ee methods for de- B.C. Zelchner. 1999' B|ochem|stry and
Cochran, D. G. 1994a. Changes in insecticide tecting chlorpyrifos reS|starTce n the Ger- genetics of chlorpyrifos resistance n the
resistance gene frequencies in field-collected man cockroach (O'rthoptera. Blattelidae).J. - German pockroacIBIaneIIa germanica
populations of the German cockroach dur- EcON- Entomol. 80: 44-46. (L.). Pestic. Biochem. Physiol. 38: 110-

ing extended periods of laboratory culturé?us'[‘ M. K. and D. A. Reierson. 1991.  121.

Table 3. Effects of two synergists on mortality among the VPI
susceptible and Las Palms resistant strains of German

Table 2. German cockroach mortality after exposure to cockroaches when exposed to chlorpyrifos. -
chlorpyrifos for the VPI susceptible strain, the Las Palms ~ Strain Treatme#it % Mortality
resistant strain, their reciprocal crosses anolaekcrosses to
the resistant strain. VPI susceptible Chlorpyrifos 100
Strain/cross Percent mortafity

Chlorpyrifos + PBO 100
VPI susceptible 100 )

Chlorpyrifos + DEF 100
Las Palms resistant 6.6
VPIMxLas Palms F (#) 94.6 Las Palms Chlorpyrifos 0
Las Palms M x VPI F (B) 92.7 Chlorpyrifos + PBO 0

1

Fi"Mx Las Palms F 46.0 Chlorpyrifos + DEF 71.4
Las Palms M x E F 56.0

®nsects were exposed to glass surfaces treated wijig 0.5
(AI)/cm2 chlorpyrifos alone or plus the synergist.
Concentration of the synergists was 3.0 nl (Al)zl.cﬁihe

®Mortality was based on a 48 h exposure to glass surfaces

treated with 0.51g (Al)/cm’” chlorpyrifos. Approximately synergist to insecticide ratio was 6:1.
100 individuals were tested from each category, except >200°Based on 48 h of exposure to the treated surfaces.
from the Las Palms strain. °PBO is piperonyl butoxide. DEF is S,S,S-

tributylphosphorotrithioate.
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Insecticide resistance in turnip aphids,  Lipaphis erysimi RESULTS

(Kaltenbach), from Beijing suburbs Tumip aphid populations from Beiiing

. . . suburbs expressed high levels of resis-

Zheng Bingzopg, Gao Xiwu, Zhao Guagy! o

Departme of %ntomology Hn Beulr_wg suburbs. '_I_'_he four population ance to all pesticides tested (Table 1).

China Agricultural University of aphids from Bejing were sampledp, oo nee levels were higher for the

Beijing 100094 from vegetables at the following loca- .

PR. China o . . pyrethroids than organophosphates and
tions: Malianwa (MA), Shauangqmga eared closely related to the insecti-
(SH), Evergreen (EV) and the Horticul- PP y

Cao Benjum . . cide history of the region.

Institute of Agricultural Applied Chemis- turf_"l De.partment of China Agricultural Aphids exposed to the synergist pip-

try - University greenhouse (HO). Langfang, i’ siide (PB) exhibited a high

China Agricultural University County aphids were collected from Chi_ - . (SR) with fenvalerate

Beijing 100094 nese cabbage that had not been treaf®d. 2

P.R. China with insecticides since 1990 Thesand omethoate, 4.9 — 7.2-fold and 5.1-

phids extibited high Sensiviy o insea 01 Fespectively (Table 2). Aphids ex-

INTRODUCTION P 9 ty osed to the synergist triphenyl phos-

_ - _ o ticides and were the susceptible colo " , .

important pest of vegetable crops igjejtamethrin (98%; Roussel-Uclaf of 3.4-fold with omethoate and 4.3-fold
Beijing, China. Inthe early 1980s, PYreFrance), fenvalerate (95.6%: Sumi tom\Nlth dlmthoate, but not with fenvalerate.
throids replaced the organophosphatenemical Co.) dimethoate (97.4%: hese bioassay results suggest that
insecticdes for aphid control. By 1986ghanghai Pesticide Factory) anded unction oxidases (MFO) play an
the aphids evolved resistance to the pYrgmethoate (72.08%: Zhang Dian Pes Importantrole in aphid resistance to pyre-

throids with levels reported as high agjge Factory) were used for toxicity tests{.hro'dS and organophosphates.

(We 7 ; . of Entomology, Nanjing Agricultural
fenvalerate tal.1988). Fouryears cal applications of insecticides was per- College. 1983. A study of resistance of agri-

later, we monitored resistance {0 pyrgpmed. This bioassay, recommended  cutural pests to insecticides Il An evalua-
throid and organophosphate |nseCt|C|dQ§y the Division of Entomology, Nanjing  tion of the resistance of cotton aphids to
in aphids collected in Beijing suburbs. Agricultural University (1983), was modi-  insecticides in Jiangsu Province. J. Nanjing
MATERIALS & METHODS fied from earlier protocols (Kung al Agricultural College 1983(2): 44-49.
: 7~ Kung, K.Y,, KK. Chang and K.Y. Chai. 1964.

Turnip aphids were collected in1964, Zang 1982). Aphid mortalityWas  petecting and measuring the resistance of

Langfang County, Hebei Province angcored 5 h after treatment. cotton aphids to systox. Acta Entomologica
Sinica 13(1): 1-9.

Table 1. The response and resistance to pyrethroid insecticides among turnip aphid
populations collected from Bang suburbs.

Insecticide Population Slope (SE) (39) (95% CL) RR*
(ug/aphid)

Deltamethrin LA 2.02 (0.49) 0.00014 (0.000086-0.00022) 1
EV 1.55 (0.16) 0.00070 (0.00068-0.00093) 5
SH 1.53 (0.19) 0.0051 (0.0031-0.0086) 36.4
HO 1.02 (0.06) 0.012 (0.008-0.018) 85
MA 1.97 (0.03) 0.20 (0.15-0.28) 1429.6

Fenvalerate LA 2.35(0.12) 0.0015 (0.0012-0.0018) 1
SH 1.64 (0.16) 1.2 (0.8-1.3) 800
EV 1.73 (0.39) 1.4 (1.0-1.9) 933.3
MA 2.25(0.22) 1.6 (1.3-1.9) 1066.7
HO 0.94 (0.07) 1.7 (1.1-2.5) 1133.3

Dimethoate LA 3.65 (0.24) 0.0092 (0.0082-0.003) 1
HO 1.17 (0.09) 1.4 (0.8-2.3) 152.2
EV 2.23(0.29) 2.1 (0.6-2.6) 228.3
MA 1.97 (0.26) 25 (2.0-3.0) 271.7

Omethoate LA 3.67 (0.29) 0.0057 (0.0052-0.0063) 1
EV 1.26 (0.20) 0.66 (0.41-0.0108) 115.8
HO 1.07 (0.13) 0.82 (0.34-1.29) 143.9
MA 1.84 (0.29) 1.0 (0.8-1.3) 175.4

*RR = LDso of eachpopulations/ LDy of the suscetible LA colony
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Wei, C., C.H. Ruiand X.L. Fan. 1988. A study

on the resistance of cabbage agtiigphis  Table 2 Response of turnip aphids to pyrethroid insecticides determined with and
erysimj to pyrethroids in Beijing area. Plant_without the synergists piperonyl butoxide (PB) and triphenyl phosphate (TPP).

Protection 14(6): 17-20. Population  Insecticide Slope (SE) LDBo (95% CLJ SR*
Zhang, G.L. 1982 Methods of measurement of + Synergist (ug/aphid)
aphid resistance to insecticides. Kunchonggy Eenvalerate 1.73 (0.39) 1.37 (1.00-1.89)
Zhinshi 19(3): 48-49. +PB (1:1.7) 1.31 (0.15) 0.19 (0.12-0.32) 7.2
+ TPP (1:1.7) 1.86 (0.29) 2.96 (2.30-3.81) 0.5
SH Fenvalerate 1.64 (0.16) 1.17 (0.81-1.32)
+ PB (1:1.7) 1.62 (0.39) 0.24 (0.17-0.35) 4.9
+ TPP (1:1.7) 1.66 (0.27) 1.06 (0.73-1.53) 11
HO Dimethoate 1.07 (0.07) 0.82 (0.34-1.29)
+ PB (1:3.2) 1.17 (0.25) 0.16 (0.10-0.26) 5.1
+ TPP (1:3.2) 1.36 (0.07) 0.19 (0.11-0.34) 4.3
MA Fenvalerate 2.25(0.22) 1.59 (1.29-1.95)
+ PB (1:1.7) 1.60 (0.27) 0.27 (0.19-0.38) 5.9
Omethoate 1.84 (0.29) 1.02 (0.80-1.30)
+ TPP (1:3.2) 1.55 (0.12) 0.30 (0.20-0.47) 3.4

*SR =population LDso without synemist/ LDso with synemist

The phorid fly, Megaselia scalaris (Loew), as a candidate  Achatina fulicaFer (Achatinidae) was

for managing molluscicide-resistant round snail, reported as parasitized by phorid fiies
Bradybaena similaris (Ferussas) (Aphiochaeta scallaris.oew and
Spiniphora genetaliSchmitt) (Ahmad
A.B. Idris and M. Abdullah by Noraret al.(1992) showed that 1.5%& Ho 1980). Our objectives were to
E:Ejg”;?'ltifgfszc?é’rﬁgei of B. similaris were killed by determine the percentagéosimilaris
Universiti Kebangsaan Malaysia metaldehyde. Furthermore, Noetal. paraSitiZ?d by the phqrid iy, S_Ca_laris
43600 Bangi, Selangor D.E. (1995) found the. similariswas unaf- and the life cycle of this parasitoid.
Malaysia fected by the bioinsecticide from extracts  The host snaiB. similariswas col-

_ of Azadirachta indicdeaves, shown lected from cabbage fields of the Kea

_The round snail Bradybaena , pe toxic to the aquatic snailFarms, Cameron Highlands, Pahang,

similaris Ferussas (Helicidae), is a tefjqqnianorbis exustugurrently, there Malaysia and reared in the laboratory at
restrl_al species widely dlstrlb_uted iNthe, e o reports of effective biocontroR5 +- 2°C. Five snails and one female
Tropics and prevalent at altitudes OV&hethods against this pest. However, wahorid fly were put in each plastic ob-

1,000 meters above sea level (NOrAifyy g that a laboratory culture of roundservation arena. We recorded the num-
etal.1995). This snail has potential tq 5 taken from the wild were heavilyoer of snails with fly eggs and the num-
become an important agricultural peshayasitized by the phorid fiylegaselia ber of larvae produced per snail with

especially on Brassica crops SUCBas gqaris (Diptera: Phoridae). In Ma- €ach area. Larvae were transferred to

chinensisL. andB. junceaCosson |5uqja only the giant African snail, Petri dish (10 cm diameter with a nutri-
(Murali 1991, Ahmad & Ho 1980). We

observed damage on cabbageBiy £
similaris that was comparable to dam-
age by Plutella xylostella 2
L.(diamondback moth larvae) - the ma-
jor insect pest of cabbage.

Currently, the shail pests are controlled=
with SiputoxO, a bait with 3% and 5%
metaldehyde. Increasing resistance oR
the snails to this molluscicide (Salmijah & i) -
et al. 1996) is supported by decreasingﬁ
field efficacy of the baited Siputox at 3% Egg Larval Pupal Adult
and increasing use of the 5%
metaldehyde bait by the farmers in the Life Stage

Cameron Highland. Laboratory studiegigure 1. Duration/ longevity for each life stageM scalarisreared on the round
snail,B. similaris
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ent agar diet 3% Gelose nutritive + disand relatively high fecundity of the para- REFERENCES
tiled water, wiv) and held until pupation.sitoid in our studies. Both pestand pardmad. Y. & T.H. Ho. 1980 List of economic
The pupae were removed anq adultste species are easy tq culture inthe labo- \r/)veesstts ’h;]zf;yﬂ;ﬁtSMﬁ?;;?;esfazgrﬁﬁgS "
reared on diet in plastic observation argatory; and therefore, field release of the  gyjietin No. 153. 538 pp.
nas maintained at high humidity by placparasite may be considered as a pradtturali, P. 1991. Ekologi sipuBradybaena
ing moist cotton wool inside the containecal control measure. However in the Similaris di kawasan pertanian Cameron
and sealing the container. We recorddild, parasitism may be affected by ex- E'egbr!ﬁggz;dn?\;‘;zs's‘?; ng‘;‘;' University
the time taken for each larva to reachosure to pesticides and the availabilityjoan, A M., MZH. Haniza, S. Salmijah, M.
the pupal stage, the numbers of pupaéalternate hosts. Therefore, field stud- Abadullag, H.L.P Azimahtol & D. Nor'Aini.
per snail, the number of emerged adultss should be initiated to assess the af- 1992 The effectiveness of methylaldehyde
and adult longevity. fect of pesticides on the dynamics of the ‘s’ﬁ;sagggé;iﬁgztg“trr‘grzdeﬁietgsmh
Roughly _5_5% (x4.3) dB. S|'m|Iar|s para_sne/snall interaction and d_gtermlne Malaysian Biochemical Society Conference,
were parasitized by the phorid fly. Orrelative preference and availability of al- 23 24 sept. 1992. Pp. 197-204.
average, 28.8 larvae were produced ptarnative snail hosts. This and other ectloran, AM., R.A. Ahmad & M.Z. Ismail. 1995.
parastized snail, 85.9% (+ 9.5) of theslegical information will better estimate the ~ Molluscicidal efficacy oAzadirachta indica
larvae pupated, and 76.7% (+ 8.6) of theotential of native and released popula- QQ;;SA,S(S-XES.C;A, Malalysian Applied Biol-
pupae produced healthy adults. Ittooktbns of M. scalarisin managing the noraini D. M. Abdulla, P. Murali & M.
days for the eggs to hatch, 5.5 days feound snail, a potential threat to Malay-  Sulaiman. 1995. Distribution and abundance
the larvae to reach pupation, 11.2 daysan agriculture as a result of resistance of round snails in the agricultural gardens of

for adults to emerge from pupae andevelopment to metaldehyde. Cameron Highlands, Pahang. Malaysian Ap-
these adults survived for 24.3 days (Fig- plied Biology 24(2): 89-94.
~>08ys (FIg- ACKNOWLEDGEMENT Salmijah, S., S.P. Say & M. Abdullah. 1996.

ureTil)'. horid fivM. scalaris has the 1€ authors thank Puan Habibah To'e(;ance ﬁzvi'ogmesm B. Sim”arFi)StO_' ’
is phorid fly,M. scalaris has the ¢ .+t technical assistance. This was V&dS Metaldehyde. Seminar on Pesticides

potential to manage metaldehyde-resis- in Agroenvironment, Fate and Impact. 12
. ~ " part of a broader study on molluscan iversi
tant populations of the round snail as i y August, 1996. University Malaya, Pp. 16.

: ” sests of agricultural importance, the
dicated by the parasitism rate (>50%kpa 1.07-03-008 Pro gram.

The potential role of Cleome rutidosperma D.C. and rutidospermawas significantly shorter
Brassica juncea L. (Indian mustard) in resistance than on cabbage and the eggs oviposited
management of diamondback moth,  Plutella xylostella per females was more og.

rutidospermathan cabbage. The ob-
jective of our study was to assess the
effect of C. rutidospermeon larval

(L.), in Malaysia

A.B. Idris & C. Selvi

impact DBM population dynamics pgn pehavi d feedina develop-
Department of Zoology VIOr and feeding aevelop
Faculty of Life Sciences (Marsh 1917, Harcourt 1986, Fet@l  ment, and on adult DBM egg produc-
Universiti Kebangsaan Malaysia 1990, O0i 1992). Idris & Grafius (199445
43600 Bangi, Selangor D.E. 19964, 1996b) reported the possible im-
MALAYSIA pactofthe weed hosrassicavulgaris AT ERIALS & METHODS -

R. BR,, on resistance management of 11efollowing host plants were raised

INTRODUCTION DBM in Michigan, USA. Indian mus- N clay plots under greenhouse conditions:

The diamondback moth (DBM), tard,Brassica juncea(L.)(Czen.) was Four cultivatedBrassica(Brassica
Plutella xylostella(L.), is a major pest used successfully as a trap crop fdf¥nceaCossonB. albaRebenhB.
of Brassicacrops worldwide and hasDBM in India (Srinivasan & Krishna Juncea Coss.varRugoseBally, B.
the potential to develop resistance to alfloorthy 1992). However in Malaysia@P0glabraBally), one wildBrassica(B.
pesticides including Bacillus and Indonesia, this approach was néfnceaL. = Indian Mustard), and one
thuringiensig Talekar & Shelton 1993). practical (Sivapragasam & Loke 1995Capparidacea€leome rutidosperma
DBM can be found on manyOmoyetal 1995). The wee@leome A Pesticide-resistantcolony of DBMwas
Brassicaceae plants and some nonstidospermaDC. (Capparidaceae), isdonated by the Malaysian Research
Brassicaceae plants that contain mueeported as a suitable host plant for tHeevelopment Insitute (MARDI).
tard oils (Marsh 1917, Thorsteinson 1953;abbage webworntellula undalis ~ DBMdevelopmenton eachhost plant
Gupta & Thorsteinson 1960, Harcour(F.), in Malaysia (Sivapragasaghal. Was evaluated by placing ihstars in
1986). The abundance of host plants994). Larval and pupal developmenit® cm diameter petri dishes with leaf cut-
and natural enemies are key factors thiir  cabbage webworm orC. ings (2 cm). The host leaf was re-
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Table 1. Developmental times for diamondback moth larvae and pupae on different host plants.

Developmental time (days + S.EZ.)

Host Plants Local Name 1% Instar 29 Instar 3% Instar 4" Instar Pupae
Cultivated
Brassica junceaosson Sawi 2.51 +0.22b2.32 + 0.34a 1.54 + 0.31a 3.73 + 1.24ab 4.62 + 0.81b
B. junceaCosson var.
RugoseBally Kai Choy 2.62 +0.50b 1.98 + 0.35a 1.61+0.56a 2.91+0.72c 4.10+ 0.54bc
B. albaRebenh Kai Lan 2.64 +0.26b2.23 +0.35a 1.60+ 0.43a 4.42 +1.12a 2.34+ 1.22c
B. alboglabraBally Sayur Putih 2.55 +0.35b 2.25 + 0.57a 1.65+0.32a 2.93+0.87c 4.01 + 1.56bc
wild
B. juncealL. (Czern.) Indian Mustard 3.01 + 0.21a2.46 + 0.54a 1.45+ 0.45a 2.97+1.01c 4.86+ 0.78a

Cleome rutidosperm®.C Purple Maman 3.04 + 0.34a2.25 + 0.46a 1.43+0.54a 3.21+0.67b 5.01+ 0.85a

LAl host plants are Brassicaceae exc€ptutidospermgCapparidaceae)

> Means followed with same letter within a column are not significantly different (P > 0.05, Fisher Protected LSD)

placed every 2 d to maintain freshnesg.60 Watt, 50 cm above the top cagelarvae on different host plants. Petri
The petri dishes were placed in th& 15 ml test tube (3 cm x 6 cm) filleddishes (15 cm diameter) were fitted with
growth chamber and kept at22°C, a with 10% (v/v) diluted honey was placedscreen lids for proper ventilation and used
photoperiod of 12:12 h (L:D) and 50%nside the cage to fed the DBM adultsas testing arenas. Host plants evaluated
R.H. Treatments were checked eveysingle aluminum foil strip, 2.5 cm x 4were cultivatedBrassica, B. juncea
day to record the larval and pupal devetm, coated with juice from cabbageCosson, anB. albaRabenh, and weed
opmental time. Pupae were weighed fisaves was replaced everyday, angpeciesB. junceal. (Indian mustard)
2 d before adult emergence. The obs@erved as an oviposition substrate (IdrandC. rutidospermaln no-choice test,
vation period was complete when adults995). One pair of DBM adults werethree leaf cuts (2 cheut per host spe-
emerged. These developmental tregigleased in these cages and after 2 d tties; placed 1.0 cm from perimeter, 4.5
ments were replicated five times. male removed. Each treatmentwas repm from center, and 7.0 cm between
A 500 ml plastic container, modifiedicated four times. Female ovipositiorcuts) were placed inside each petri dish.
with screened openings on the top (4 XBumber of eggs) was recorded each ditythe choice tests, four leaf cuts (Zrm
cm) and on the sides (3 x 3 cm), wa#til no eggs were found. of each host species were placed inside
used as an oviposition cage. Cages wereWe used choice and no-choice testhe petri dishes (1.0 cm from perimeter,
placed under white inflorescence ligho compare feeding behavior of DBM4.5 cm from center, 5.0 cm between

240

Y=5.21x - 301.39
r=0.85 B. juncea Cosson
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Figure 1. Correlation between pupal weight and egg-laying activity for diamondback moth reared on several host plants.
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Table 2. Time spent by diamondback moth larvae to reach, remain, or feed on different host plants in no-choice and
choice tests (observed for 3 r)

No-choice test Choice test
To reach food On food Feeding To reach food On food Feeding
Host plants (minutes + S.E.) (minutes + S.E.) (minutes + S.E.) (minutes + S.E.) (minutes + S.E.) (minutes + S.E.)
Brassica juncea
Cosson 25.31 +10.32b52.43 + 16.72ab 30.02_+ 10.31b 443+ 2.10b 852+352a 3558+ 12.38a
B. junceaCosson var.
RugoseBally 10.54 + 3.12c 15.72+ 7.53c 45.83+ 892a 521+ 2.31b 1.26+0.86c 20.65+ 10.54b

B. junceal (Czern.)  50.01 + 16.67a 10.54 + 2.43c 15.23+ 3.50c 53.32.+ 20.53a 7.51+2.52ab 10.89.+ 3.54c
Cleome rutidosperma
D.C 1243+ 4.21c 58.33 +20.35a 16.54+ 3.21c 893+ 3.23b 5.12+2.11b 1875+ 6.87b

! Means followed with same letter within a column are not significantly different (P > 0.05, Fisher Protected LSD)

cuts). In both tests, petri dishes were The numbers of eggs laid by aduling stimulants than the cultivated plants.
held as in the developmental studies. OmBBM females were positively correlated Glucosinolates serve as feed-
3'instar, starved for 6 h, was released ifith the weight of pupae that variedng attractants or stimulants and differ-
the center of the dish with a fine brushased on host plants (r = 0.85, P < 0.08ht compounds and concentrations have
and dish sealed. The times taken by laffig. 1). DBM onB. junceaCosson been identified in host plants
vae to reach then leave the leaf cutsad the highest pupal weight and nun{Brassicacaeae) and non-host plants
were recorded with a microtape recordefer of eggs produced. DBM pupalCole 1976). Our results showed that
for3h (from 1400 - 1700 h). In both noweight and numbers of eggs produceghe wild host plants, Indian mustard. and
choice and choice tests, treatments (hagere lowest when larvae were Bd C. rutidospermamay have higher con-
plants) were arranged in complete blocklboglabraor C. rutidosperma These centrations of feeding attractants or
design with four replications. Data werelifferences in pupal weight and numbestimulants. However, the lower pupal
analyzed with a one-way ANOVA (Aba-of eggs laid may be influenced by theveight and reduction in the number of
cus Concepts 1991). host quality. Fot al.(1990) reported eggs laid by females reared on these
RESULTS & DISCUSSION thathost plant quality determined DBMweeds indicates a poor host quality.
There was no significant different inlarval _s_ize and influencgd the percent We conclude that the poor host qual-
developmental time fof%and Finstar parasitism of DBM by its parasitoid, ity plus increased attractiveness exhib-
DBM fed on four cultivated and two wild Diadegma insulargCresson). ited by C. rutidospermaand Indian
host plants (P >0.005, Fisher's Protected DBM larvae toqk significantly less mustard can be manipulated for manag-
LSD) (Table 1). However, twowild hosttime to reactC. rutidospermaandB.  inginsecticide-resistant DBM population.
plants, Indian mustard an€. lunceavar Rugosehgn on other host C. rutidospermais a ubiquitous weed
rutidosperma significantly prolonged plants in both no-ch0|ce and choice tesls Malaysia while Indian mustard was
developmental time forinstar DBM (P > 0.05, Fisher’s Protected LSD)ntroduced from India (Anderson 1974,
when compared to the four cultivated Table _2). Both host plants appear tSivapragasam & Loke 1995). Indian
host plants. The developmental time tgpave higher concentration of feeding ainustard also possesses oviposition at-
A" instar was significantly shorterwher{rac_tams fpr L_)I_SM. DBM larvae re- tractants that make it attractive as trap
larvae were fed on Indian mustéxdd), mguned significantly _Ionger of. crop (Srinivasan & Krishna Moorthy,
B. juncea var. Rugose and B. _rutldospermathan on wild mgstarB. 1991). Althoughitis not practical to in-
alboglabra (cultivated) than on thB. Junceavar. Rugosen no-choice test; terplant Indian mustard within the field
alba(cultivated) (P< 0.05, Fisher's prolutwhengiven ac_h0|ce, DBM preferreqSivapargasam & Loke 1995), we can
tected LSD). The two wild host plantsth‘? others. This sugge§ts th_é.t plantit around the field and apply insec-
may have antifeedants that affect thedtidospermahas Igss feeding stimu-ticides as necessary. This can reduce
feeding and developmental time of th@nts_. Ina no-ch0|ce test, DBM SpenbBM and other cabbage pests in field
1% instar DBM. The wild host plants significantly less nr_ne feeding onthe wildas well as prevent insecticide resistance
also caused significantly longer pupatpo_st plants, Indian mus'_[ard amd development. The effect of.
development than the cultivated hodtidosperméthan the cuItlvat(_ad host rutidospermaon DBM oviposition be-
plants species (P< 0.05, Fisher's Prdj)_lants. DBM Ia_rvae spent Ie_:ss time fe_echavior has yet to be studied. Neverthe-
tected LSD)(Table 1). An antifeedanind and more time War_lderlng on Indiaress, we can divert the DBM oviposition
found in cabbage prolonged developmeIIiT-‘UStard_ than on cultivatesl Juncea  activity from cultivated plants towild host
tal time ofP. rapaelarvae to pupation Cossonin a choice test. Again, this sugiants around or within a field, especially
(Hough-Goldstein & Hahn 1992). gests that wild host plants have less feeflear or at the critical growth stages that
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determine maximum yield and income L.ontwo cabbage pests. Environ. Entomol. lands, Malaysia, pp. 255-262N.S. Talekar

per hectare. In additionC. _21: 837-844. _ _ (ed.), Diamondback_ moth and othe_r cruci-
fidospermacan be manually weede dldrls, A.B. & E. Grafius. 1994. The potential of  fers pests. Proceedings 6f Bxternational
L p . y " usingBarbarea vulgarién insecticide-resis- Workshop, 10-14 December 1990, Tainan,
out easily, removing the need for herbi-  tant diamondback moth management. Resis- Taiwan, Asian Vegetable Research and De-
cides. tant Pest Management, 6(2): 7-8. velopment Center, Shanhau, Taiwan.
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Quantitative structure-activity relationships and to the activity of those molecules in a
computer-aided molecular modelling: A preliminary biological system. Once the relationship
study on insecticide resistance is established, it can predict the effect of
Brofessor Nick Price c onal chemistv has b oth_er related molecules in the same bio-
Central Science Laboratory omputational ¢ ?mIStry - ee'&fglcal sys'Fem. .
Sand Hutton. York YO4 1LZ used for many years in the pharmaceu- The action that a drug or agrochemi-
United Kingdom tical and agrochemical industries to prés3| exerts on its target must be due to
dict how chemicals can be made morgome characteristic of the chemical. It
INTRODUCTION toxic. Perhaps similar approaches coulghs peen known for many years that

Many aspects of pesticide resistancttt)se user(]j to predict how pesticides Miglertain fundamental properties of
: are when pest resistance to any Conjipactive molecules are important deter-
rerous siios have focuse o detof2uNd It hei Cass arises. 1n (i PSinanis ofbiological aciy. Eastuc-
ing and monitoring resistance based oY study, molecular modeliing andes igentified three main categories of
SO : ) . computational chemistry were applied tenemical properties as determinants of
biological, genetic and biochemical stud- prop

lar biology studies on how resistancSr020PNOSPROFOUSINSECHICIdES.  steric. Hydrophobic properties describe
manifestsitself. While muchusefulsci- ~ Quantitative Structure- the partitioning of chemicals between an
entific data is gathered and major ad-  Activity Relationships organic solvent and water and are good

vances are made in our understanding Quantitative Structure-Activity Rela- Indicators of biological activity inmany -
of resistance, a major frustration is thatonships, (QSAR) are computationaf@Ses: Itis generally assumed that this
the science is often too late to influencehemistry techniques used to relate orfSOPEr is closely related toachemical's
problems in the field. or more properties of a chemical groufPility to cross or dissolve in the lipids of
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Table 1. Molecular properties and insect resistance factors for 15 organophosphorous compounds selected as the
learning series for the QSAR analysis.

Compound DIPOLE Energy LogP HOMO LUMO P+ ConArea RfC12 RfQd RF MG
chlorpyrifos 3.22 62 4.1 10.21 1.7 0.702 287

chlorpyrifos methyl 3.61 54 2.4 10.28 1.65 0.7 238 4

diazinon 3.27 57 3.38 10.08 15 0.694 299 11 10 8.2
dichlorvos 0.63 0 2.36 10.5 1.07 0.921 195 3 22
etrimphos 2.93 59 1.23 10.3 1.4 0.7 228

fenitrothion 5.41 57 2.2 10.6 2.05 0.694 251 4 4 9.4
malathion 1.88 54 2.8 10.27 9.87 0.52 305 18 8

methacrifos 3.96 55 2.7 9.87 2.29 0.7 207 6 4.4
pirimiphos methyl 3.13 59 0.7 9.67 1.47 0.7 287 55 30
Tetrachlorvinphos 1.36 58 4.4 10.21 1.88 0.694 277 227 3372
temephos 3.2 58 2.75 9.24 1.76 0.693 408 10

phoxim 3.2 74 5 10.04 1.74 0.698 290 10

Trichlorphon 2.4 0 1.99 11.96 1.28 0.92 212 24
Bromophos 2.81 9 4.28 10.32 1.87 0.694 255 58
lodofenphos 2.45 9 5.7 10.17 1.89 0.694 262 94

Dipole=dipole moment; Energy= molecular mechanics energy difference between parent compound and the active
oxon; LogP= octanol/water partition calculated from the program CLogP; HOMO= energy of the highest occupied
molecular orbital from the semi-empirical QM program MOPAC; LUMO= energy of the lowest unoccupied orbital;
P+=partial charge on the phosphorus atom; ConArea=surface area of molecule exposed to a 1.4 Angstrom probe
(water); Rf C12, Rf Qd, Rf MDG=Resistance factors ggpfor the three insect strains.

biological membranes. Electronic propin favour of a good QSAR - 1) a largeallow desktop computers toinexpensively
erties essentially describe reactivity or thgumber of molecules in the learning seun molecular modelling. A simple pro-
ability of molecules to donate or accepfies, 2) those molecules are closely regram will model molecules on the basis
electrons. Steric properties describe thared, and 3) accurate biological data. Thef stored bond lengths, angles and tor-
size and shape of the molecules. Whilgest QSAR would rely on a learningsion angles with molecular mechanic for-
arange of ‘constants’ for some of thesgeries of greater than 20 compounds thatalisms. Since even simple molecules
properties have been published, somifer by a single substitution of the parcan exist in many conformations due to
properties are difficult to measure in thnt molecule. The best biological stuckotation about single bonds, more com-
laboratory and some are theoretical angk have minimal biological variability, for plex programs can calculate the energy
not obtained through practical chemisexamplen vitro inhibition of a key en- of a molecule. This allows us to make
try. Thus the ability to calculate or estizyme, an intelligent assessment of the shape
mate such properties from fundamental |n recent years, QSAR has been aprolecule will adopt since many calcu-
principles is animportant aspect of QSARjied to less ideal situations. For exampleted properties will vary with the shape
studies. QSARs have been constructed ifor ofthe molecule. Many programs include
The mathematical relationship bevivo toxicity of drugs and agrochemi-‘energy minimisers' to further aid the op-
tween one or more properties in a serggls and for evaluating the environmererator in establishing the lowest energy
of molecules (known as the ‘training’ Orta| effects of a loosely-related pollutantszonformation of amolecule and the prob-
leaming’ series) is classically determinecthe further one gets from the ‘ideal situable shape adopted in nature. The most
by multiple regression analysis. Howation for QSAR, the less appropriateomplex (and expensive) programs in-
ever when constructing QSARS, itis immyltiple regression analysis becomes. Alude quantum mechanics that solve
portant to remember that a straight lingeries of non-parametric techniques haveighly complex equations and predict the
relationship is unlikely to be fully predic- evolved to tease out trends in highly variositions of the electrons on a molecule.
tive. There are optimum properties of gpje data. These techniquesincludeclus-  MODELLING OE
molecule that confer biological activityier analysis and molecular similarity tech- ORGANOPHOSPHOROUS
and the relationship between a giveRiques. Due to the preliminary nature of INSECTICIDES

chemical property and biological acfivitythis study, these methods will not be dis- . L
will be hyperbolic. Thus the relationshipeyssed. | examined the relationship between

is not described by the straight line equa- . the chemical properties of some

tion y=mx+c, but by the square function Computer A55|5't9d Molecular organophosphorous insecticides (OPs)

YEMX-C, Modelling and the ability of insects to develop OP
There are three factors that mitigate Recent developments in technologyesistance. This study had some inher-
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Energy

Gkl mal Molesule Eneray vs Torsion fingle shows that there is a local energy mini-

daani 1 mum at 180 degrees. The molecule is
most ‘at rest’ when the ring is between
330 and 360 (or 0) degrees with respect
to the P-O bond. A full conformational
search on all bonds that impact on the
3D structure of chlorpyrifos was per-
formed interactively with conformational
searching tools available in CHEMX.
The ‘global minimum’ conformation of
chlorpyrifos was found to be the energy
minimised crystal structure shownin Fig-
ure 2.

Once the basic OP ‘shell’ from
chlorpyrifos was established (Figure 3)
substituents were built onto this basic
structure for other OPs. While a full
conformational search on all structures
would be valid, they are likely to existin
similar conformations since all OPs to
Figure 1. An energy plot of the conformers of chlorpyrifos generated by rotation of t@ﬁert the same biochemical effect on
oxygne-ring bond. .

acetylcholinesterase (the target enzyme
entdifficulties: Cambridge Crystallographic Databasen the insect nervous system). Indeed,

OPs contain the P=S bond that is urin the past, crystal structures were corgach model OP was oriented in a similar
common and not parameterised in somgidered to be the definitive 3D structurgvay to chlorpyrifos in alow energy form
modelling software. of molecules. However, crystals repreFigure 4). 1assumed this commonality

OPs need to be oxidized to the P=0 con$€Nt an unnatural molecule in a solid stagé 3D structure among the OPs. The
pound before they are toxic. This introduce8nd may not be the same as in the bisimilarities can be seen when structures
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an extra variable. chemical context. Molecular mechani@re fitted to a least squares routine.
Some OP insecticides are P=0 Com(_:alculatlons in CHEMX indicated that Quantum mechanics

pounds in the parent form and may form glthough the crystal structure of Single-step quantum mechanic calcu-

second ‘family’ of the learning series. chiorpyrifos was alow energy one, SOMEtions were run on the structures to al-

bonds were strained and an ener .
The biological data frorim vivostudies - minimisation procedure relaxed the mOQ_XW QSAR parameters to be estimated.

is potentially highly variable. ecule from 55 kcals to 4.2 kcals withou
Theleaming series is small. significantly altering the shape. empirical molecular orbital program

These factors make the establishment Conformers MOPAC. This enabled estimation of
of statistically significant QSARSs diffi-  To verify that the most relaxed structhe dipole moment, energies of highest
cult. This is unfortunate since there is &ire was obtained, conformational spadgeccupied, (HOMO) and lowest unoc-
vast body of studies available on OP ravas searched systematically through Xeupied, (LUMO) orbitals, heats of for-
sistance. Furthermore, each study cofy spectrometery. The chlorpyrifognation,  electronic  energies,
ducts resistance assessment in differefolecule has a number of bonds thatiperdelocalisations, partial charges and
ways and the comparison across diffefotate freely. For example as the bonather properties for each compound in

ent insects, insecticides and methodshgtween the pyridine ring and the o>_<ythe study.
notusually possible. gen bridge atom rotate, arange oforien-  QSAR PROPERTIES
Building tations between the ring and the rest of 1,4 selection of chemical properties

the structure are possible, each with g P L
inthi : correlate with biological activity was
The OP compounds used inthis learmy, » 4 cteristic potential energy. The so g v

ina series are shown in Table 1. Th , ) _ fE\rgely intuitive and subjective. Many
wgre modelled CHEMX, (Chemical, are enables this rotation 1o be SiMusy djies involve a hundred or more prop-

) i ated and the potential energies calcy; i .
Design Ltd, Chipping Norton, UK). The 5t as shown in Figure 1. ties ftof[_ Co”lflatr'lor_‘ becauseh mg?eth
series was based on the crystal struc- 1,0 change in energy of the molecyeompationartechniques can handie the

ture of chiorpyrifos obtained from the,in e rotation of the oxygen ring bond rge data sets relatively easily. In this
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preliminary study, a small number of prop- Table 2. The cross correlation matrix for the molecular properties used in
SAR analysis. The lightly shaded boxes highlight variables that were cross

erties were selected as representativ@

of gross descriptors: DIPOLE Energy  LogP HOMO LUMO P+ ConArea

1) Dipole moment. This is a measure of|pipole 0.47 0.16 0.16 017 0.29 01
charge distribution and thus polarity. En-|Energy 0.09 0.57 0.15 0.62 0.47
ergy of the P=S compound minus that ofJLogP 0.11 0.007 0.2 0.19
the P=O compound. An indication of the |HOMO 0.04 0.61
metabolic energy required to convert from |JLUMO 0.22
the inactive to the active form of the insecti- | 0.51
cide. ConArea

correlated ( r+0.4 or greater).

Housefly, Musca domesti¢acollected area. This relationship was found to be:
culated by the program CLogP. This is thi® 1980 frqm a hpg farminthe United King-  Log.Rf=-0.53Dipole+0.25ConArea-
hydrophobic parameter. dom. This strain (MdG) was found to be 0.0005ConArea28
_ resistant to OPs, pyrethroids and carbam- The correlation coefficient (r = 0.9)
3) '_"g'v'ol- T:‘e ert])i;?y 0(; the h'ghes'i’iftes- indicated that 81% of the variation in the
occupied molecular orbital and a measure o o ; ;
nucleophilic reactivity. Flour beetleTribolium castaneuntol- Obser_\’ed data was exp_la_me_d by this
lected dunng the Global resistance SUN@quauon a.nd the F statistic |nd|CateS that
4) LUMO. The energy of the lowestconducted by the FAQ in 1975. Two sets dhis correlation was significant at the 95%
unoccupied molecular orbital and a measutata for two strains C12, and Qd were utilevel. While the two variables individu-
of electrophilic reactivity. lized. ally were not well correlated to resis-
tance, the combination of dipole moment

2) LogP. Octanol/iwater partition as cal-

5) P +. Partial charge on the phosphorus
atom calculated both by molecular and quan-
tum mechanics methods.

RESULTS.

The calculated properties and the

measured resistance factors are shown
6) Connolly surface area. The surface qﬁ the Table 1

the molecule expo_sgd toa 1.4 Angstromdi- The first task was to identify any com-
ameter probe. This is a measure for surface

area for the molecule, and is a represent ination of variables that were cross cor-
tion of the molecular area accessible to Wzi-elate_d' Such comblr!atlon_s cgnnot be
used in the QSAR relationship since they
are not independent of each other and

BIOLOGICAL DATA. may cause erroneously high correlations

There is a vast body of data on insetith the biological data. A cross corre-

resistance to insecticides. Since marijtion matrixwas constructedtoidentify
of the ‘ideals’ have already been comsuch combinations (Table 2) and wightigure 2. The crystal structure for

promised is the QSAR study, the biovariable combinations were excluded. chlorpyrifos minimized for energy.

logical data should be as good as pos- Table 3 shows the correlation coeffi-
sible. For example, the data should B&ent, (r) for specific variables with the
based on dose response lines with resfiological data for eachinsect strain. The
tance factors at the L[or the L, results of single correlations show that
Resistance tests should be performed@ly LogP (the hydrophobicity param-
the same way for each data set and tBéer) had a significant correlation with

resistance factors determined with simpiological activity in 2 out of the 3 sets of
lar bioassay techniquessd.topical ap- data. For the Qd strain, the apparent Figure 3. The basic OP 'shell' structure.

plication of insecticide to insect). Finally,mproved correlation obtained when both

the data sets should contain resistant®9P and LogPwere used with the
factors to as many OP compounds d¥ological data must be treated with cau-
possible. The span of these should be @ since, although statistically significant,
wide as possible to minimise the risk ofhere were only to 5 data points.
chance correlations. Given these crite- A number of valid combinations of
ria, there are surprisingly few publicavariables was examined for improved
tions dealing with OP cross resistancgorrelation with the resistance data. An
that were suitable for this study. excellent relationship was found for the

Three data sets were selected for thigsistance factor of MdG strain with di-
preliminary study: pole moment and the Connolly surface

ter molecules.

Figure 4. Chlorpyrifos and pirimiphos
methyl superimposed.
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Table 3. Correlation between molecular properties and biological data for
and the exposed surface f’:trea of tl}ﬂree OP-resistant strains of insects. The r value (number in brackets)
molecule form a good descriptor of theyptained when the variable and its square were included in the regression
biological activity. The equationindicatesanalysis. The percent significance number indicates the likelihood of the
that a molecular surface area of 258elationship arising by chance. Where no significance figures are shown, the
would have a maximum resistance facvalue is greater than 50%.

tor of 3,216. The observed biological valug RfC12 %sig Rf Qd Y%sig RfMdG  %sig
of 3,372 was a good approximation.  Dipole 0.38(.45) 30(55) 0.43(.63) 46(59) 0.56(.56) 10(30)
These two variables also showed &nergy 0.37(.39) 0.65(.94) 0.02(.05)
good correlation for the data on the flout-ogP 0.62(.78)  10(10) 0.72(.97)  16(5) 0.5(.54)  17(35)
beetle strain C12. The equation was; HOMO  0.17(.48) 0.76(.82) 0.03(.18)
Log.Rf=- LUMO 0.18(.4) 0.2(.76) 0.03(.46)
0.24Dipole+0.049ConArea- P+ 0.37(.4) 0.15(.54) 0.14(.4)
.000074ConAreab.9 ConArea  0.28(.55) 48(40) 0.42(.43) 0.32(.42) 40(54)

This relationship was not such agood

fitto the data (r=0.8, F =2.2, P =0.22}ree sets of data were modelled angnce mechanisms to the same class of
but the data set was rather small.  analysed. Nevertheless QSAR aRsompounds

Asimilar relationship was obtained foryraches do offer potential in predicting Any model should be validated with
the Qd strain of. castaneur=0.75),  relative levels of insecticide resistanceyore biological data and extended o in-
but the data set was small compared {@stablished a statistically significant regrease its significance. The model then
the number of variables. It was not pogagonship between two physicochemicahay predictively assess the likelinood of
sible to say whether the equation Wasroperties and insecticide resistancgesistance emerging to other OPs not in
statistically S|gn|ﬁ_cant. Nevertheless, Th%:learly the model will be affected by ape leaming set. Larger data sets of com-
trend observed is the same for all thregmber of factors including mechanisMyaraple biologic;al datawould be required
sets of data examined. of resistance, cross or multiple resistanCgam interested in hearing from research-

CONCLUSIONS. Itwould be interesting to construct modgs who may have such data for OPs

Since thiswas a preliminary study, 0n|}els for pest species with multiple resisgor gther pesticide groups.

The relationship between carboxylesterases and peach Toxicity/Synergist bioassays

potato aphid resistance to sumithion and to fenvalerate Insecticide toxicity towards these
Wu Jinquan aphid colonies was determined with a
The Bee Institute into four colonies: FE, SU, FS and CKtopical application method recom-

The Chinese Academy of Agricultural  The former three colonies were selectasiended by FAO. Resistant ratios were
)S(?;“‘;iz o Beiing 100093 once per week for 14 weeks withcalculated as L[ of each generation
PR. %hin aQ g fenvalerate (FE), sumithion (SU) and alivided by the LD, of the parental gen-

mixture of the two (FS) eration. In the synergist bioassays, in-

MATERIALS & METHODS (fenvalerate:sumithion =3_:7). The latesecticides were applied to aph_ids one

colony, CK, was treated with water onlyhour after the synergist was applied. For

Aphids Carboxylesterase activity and pesticideach aphid population, the synergist ratio

Field-collected peach potato aphidgpxicity were determined for each colonyvas calculated as the toxicity (L Jpof

Myzus persicaéSulzer), were divided throughout the selection period. the insecticide divided by the toxicity

Table 1 Relationship between pyrethroid resistance and general carboxylesterase activity between green peach aphid
colonies over 14 weeks of pesticide selection.

Week of cK FE su FS

Selection s-ratio  Activity  Km (um) R-ratio  Activity  Km (um) R-ratio  Activity  Km (um) R-ratio  Activity  Km (um)

0 1.00 759.92 229.48 1.00 759.92 229.48 1.00 759.92 229.48 1.00 759.94 229.48
3 1.06 728.15 220.78 1.23 748.57 212.45 1.33 797.40 222.04 1.06 741.74 223.06
6 0.72 767.94 201.59 2.18 565.13 202.85 1.42 824.49 223.20 1.29 722.04 222.98
9 1.40 756.32 219.92 18.20 547.31 190.87 3.42 926.43 241.96 1.73 713.85 214.78
11 1.87 746.43 220.49 21.82 508.91 176.98 4.35 1076.49 225.86 3.24 751.18 211.57
14 2.23 742.72 226.21 52.61 504.63 150.67 11.11 1175.26 226.53 3.51 767.19 202.08

: um/15 min. mg protein = change in response to fenvalerate for the susceptible CK colony
S-ratio = susceptible ratio
R-ratio = resistant ratio
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Table 2. Synergy between triphenyl phosphate (TPP) and pyrethroids in resistant colonies of
areen peach aphid.

Resistance level Resistance modified by TPP .
Colony LDso LDeo Syne.rglst
Y = a + bx (ua/ aphid) Y = a + bx (ug/ aphid) ratio
FE Y=6.289+1.134x  0.07296 Y=6.454+1.246X 0.0817 1.07
SuU Y=5.825+0.92x 0.12784 Y=5.943+0.503x 0.01332 9.60
FS Y=7.534+1.139x  0.00596 Y=6.581+0.693x 0.00522 1.14

(LD, of the insecticide plus the syner- RESULTS & DISCUSSION
gist.

General carboxylesterase
activity tomesbhdash

From each colony, three groups often , anticipated and saw that the aw

apterous adult aphids were selected fﬂ{/ity and Kmvalue of carboxylesterase:

the carboxylesterase activity assay, e CK colony remained constant dur

Each aphid group was homogenized 'fﬁg the 14 “selections” with water (Table

approximately 2 mi sodium phOSphat(al). The general carboxylesterase actigure 1. Esterase banding patterns from
buffer (0.04 M, pH 7.0). Then 1 ml al;giin the SU colony increased graduallyromogenates of individuals from four

Enzyme preparation

pha-homogenate was added into 5 olonies of green peach aphid. Note the

substrate solution, automixed in did aphid resistance to s_umithion; hOng esterase band (arrow) was highly
’ %Ver’ the Km value remained ConStarExpressed in the SU colony resistant to

thermomax chamber for 15 MiNUtes ang.;< i ojies that the binding affinity of sumithion,

Rils%rt?éngg mgasltr;re?ngx{aste\;\/rerze':gl](%]ﬂe carboxylesterase remained the same
X uring the selections, and that th i
at a wavelength of 600 nm, ten minut J §rPP). an inhibitor of general

: o ®Sumithion resistance in the aphid Wagarboxylesterase activity. Table 2 shows
after adding the colorlm('atrlc 8- attributed to a quantitative increase ighat TPP did significantly reduce the re-
Electrofocusing general carboxylesterase activity. Thetgstance level expressed by the SU
Esterase banding patterns from aphidas a decline in carboxylesterase actiyp|ony. Now we infer that aphid resis-
colony homogenates, prepared as in i in the FE but not the FS colony (Tablgance to sumithion was due to the in-
carboxylesterase activity tests, were ré-), making it difficult to extrapolate the crease in general carboxylesterase ac-
solved on isoelectric focusing gels oveielationship between enzyme activity ang iy,
a wide range of pH (5.0 - 9.5). Theaphid resistance to fenvalerate. Mean- Electrof .
resolved esterase isozymes were viswhile, the Km value inthe FE and FS ectrofocusing
alized by anaphtholic ester-fast blue staigolony steadily declined as resistance Figures 1and 2 show that third band
ing protocol. The band intensity wagvolved. This suggests that the bindingf esterase from the SU colony was
detected with the scanner. The intensigfinity of carboxylesterase in the twodarker than that from CK colony. This
of the esterase band was detected wigalonies has changed. implies that the increase in general

Scanner (S-900) (comparison Wave-  atine conclusion of the selection Prozyme in this band ItFi)s interesting that
length = 700 nm, sample wavelengih goqg (14 weeks), synergist bioassaygitherthe FE orthe FS colony displayed
>90nm, scanning speed =40 MMMINyere performed with tripheny phosphatéhe third band. Furthermore, there was

na Ef W 5 ok e 4 Y o

i B S i P L B A R
: y | ) ) I
i CHK colony : F3 colony ik S colony i FE colony
Figure 2. INtensity Of esterase panaing paterns Tor inaiviauais representing four colonies of green peach aphids. Nextethee3

band (arrow) highly expressed in the SU colony resistant to sumithion.
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no unique esterase band detected taused by an increase irhomogenate. Aphid resistance to

aphids from the FE or FS colony. carboxylesterase activity. The activityfenvalerate was not associated with an
CONCLUSIONS was linked to the increase in expressiancrease in carboxylesterase activity and

qfan enzyme captured in thées3terase must have another resistance mecha-

We conclude that the resistance : -
and in an electrofocused gel of aphidism.

peach potato aphids to sumithion w.

Susceptibility of the Argentine cotton stainer, Dysdercus  control by parasites and predators. How-
chaquensis (Heteroptera : Pyrrhocoridae), to selected ever, population outbreaks must be sup-
insecticides pressed immediately thus requiring pes-

inq li icide applications. In both cases, bio-
Teodoro Stadler & Maria | Zerba feces on the developing lint where b{iél : Ippd oeionical .
Laboratorio de Parasitologia y teria and fungi develop. The microbialogical and toxicological information
Ecotoxicologia, LPE- MACN - CONICET activity results in loss of commercial valugout the pest and its natural enemies
(PROPLAME-CONICET) of the fiber because it becomes staindfust be assessed before an efficient and

Av. A. Gallardo 470 (1405) Buenos Aires
Argentina
E-mail : postmaster@partox.edu.ar

and weakened. sustaingble management program can
Inthe field, anentomopathogenicfunl_oe reallz_ed. In order to attain baseline
gus Sporothrixsp.) and a tachinid para_mformatlon forin the_: framewc_)rk of cot-
INTRODUCTION sitoid (Acaulona brasilianpare two N IPM programs in Argentina and to
_ main natural enemies b chaguensis Monitor pesticide resistance in the cot-
The genu®ysdercusncludes sev- ¢ belongs to thetonstainer, pestsusceptibility to the pes-
eral species that severely damage Beuteromycetes group and was founiFides frequently applied in cotton was
cotton plants in different regions of ASia, .. <eq with field populations of thdnvestigated in laboratory conditions.
Afrlga and S_o Ut:: Argerlc%. $f.'x ostin northern Argentina (Zerba 1996). MATERIALS & METHODS
Dysdercusipecies have been dentieCe parasitoid. brasiianawasfound  The insecticides tested were techni-
in Argentina and three of therm infestingD. chaquensisymphs. Afield - cal grade carbaryl 92% (Rhone Poulenc),
Ch‘?q“.e nsis, D'. albofa_suatmld D. survey assessed parasitism by this tghlomyrifos 95% (BASF), cypermethrin
ruﬁcqlhs) occur in th_e different cotton chinid as geographically variable andgos (Bayer) deltarﬁethrin 98%
growing areas of this country (Stadler - '
& Cappozzo 1988). These species feergrely above 50%. Thus, the parasitoitHOECHST), - endosulfan  95%
and reproduce on' their natural hos' not viewed as an effective natural CONHOECHST), lambdacyhalothrin 92%
. . ol agent for cotton stainer due to th@iCl), monocrotophos 50% (CIBA),
(Malvales_), whileD. chgquensm; the frequent and unpredictable fluctuationpeta-cypermethrin 98.5% (Chem.
only species able o SW'.tCh fromits nas parasite/pest densities and also duentyal) and beta-cyfluthrin 98% (Bayer).
ril host to COTTGI‘CI3| colttor_lD'.[h the host's patchy distribution (Stadler &ach insecticide was dissolved in ana-
fcorzgftj iﬂfrlffﬁéjir?glciﬂz c?gsp?r?glr;rezgcmng 1994). _ lytical grade acetone (Merck) to make
The species feeds and breeds on twg o 0calls the cotton stainer wasstock solutions of 10 mg/ml. Serial dilu-
natural host plant-speci&)haeralceawg nsidered as a secondary pest in thgns for each insecticide-stock solution
bonaerensigndWissadula densiflora. MO"T€astemn Argentine cotton croppinguere prepared in acetone the day of each
(Malvaceae) (Stadler & Diz unpub_area. Occasionally outbreaks surpassgdsay.
||Shed) During the cotton ﬂOV\;ering pe_the e(':onomlc threshold. HO\.Never inthe Our Colony of cotton strainers were
iod. the cotton stainer moves from thiest Ve yearsD. chaquensisias be- reared on cotton seed diet and standard
forest to the cotton fields, Two or threG 'S & Main pest in the northem Afrearing conditions (28°C, 70-75% RH,
i D. ch C b gentine cotton cropping region. Tomini-42 hours light). For the bioassay®, 5
gener? |onsc:j -© 3_quen3|sar_1 ©2 mize the severe damage caused lstars were immobilized with CQ.ar-
E,j i)?l(;:i;i)gﬁg epending o emiroNMelBysdercugo the crop, up to two addi-yae selected were 5 to 7 days old and
N . ional pesticide treatments were needeq,eighed 55 2.7 mg (CL 95%). Dilu-
tonEgtrg/irlwnetrh?e(gggpcl)rr]\gsgt?s ﬂné;hfaigﬁ'his practice introduces extra managdgipns were applied topically to the ven-
Later when feeding on cotton bolls theﬁﬁ ent costs and ensuies drawbiacks o {8 abdominal surface of the bug with a
bug introduces bacteria and fungi into thad! 08COSyStem suich as the destructigfamilton repeating dispenser PB 600
developing fruit resulting in a rotten inner8 frontarget biological control agents anéquipped with a 50 ! syringe, calibrated
boll. Finally, after boll opening environmental pollution. ~todeliver 1pl droplets. Following pesti-
Dvsdercugeed ds Kiling the  1YPically,D.chagquensipopulations - cide application, the bugs were placed in
ySASIeHSIEEas on Seeds KNI Tean be kept under control by simple Cubetri dishes and held at standard rearing
seed embryo by puncturing and Suc.:k'r?%ral methods combined with naturalonditions
out contents. The bug also deposits i '
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Morta"ty was assessed 24 hours afTabIe 1. Toxicity of selected insecticides to the fifth instar cotton stalDechaguensis.

ter pesticide application. Cotton stainepesticide LBo Confidence Interval Slope + SE
response (LD) to each insecticide was Hofinsect (95%)

b carbaryl 92 % 3.67 1.66-7.12 3.49:0.45
based onaminimum of four doses. Thre% .

. . chlorpyriphos 95% 0.14 0.13-0.25 3.19+0.39
replicates with 30 bugs each were ag; . meinrin 9696 0.030 0.018 - 0.052 2.15:0.31
sayed for a total sample of 90 bugs Pk tamethrin 98% 0.006 0.0045 - 0.0110 3.09:0.21
dose (Robertson & Preisler 1992) endosulfan 95% 7.97 3.23-18.03 1.47:0.23
Dose-mortality data were analyzed by embda-cyhalothrin 92% 0.005 0.0036 - 0.0098 1.33+0.22
pI‘Obit analysis (RUSSGH'[ al. 1977). monocrotophos 50% 0.050 0.036 - 0.188 2.78:0.40

. - i 0, -
When necessary, control mortality wal-cyfluthrin 98% 0.003 0.0019 - 0.0096 1.03:0.23
[3-cypermethrin 98.5% 0.004 0.0010 - 0.0067 1.00:0.15

adjusted with Abbot's formula (Abbot

1925). populations in northeastern Argentina Entomol. 18 :265-267.
RESULTS & DISCUSSION  pecause this species still is considerdgpbertson, J.L. &H.K. Preisler. 1992. Pesticide

Significant differences in L[5 oc- as a secondary pest or simply ignored. ggﬁos:aziwgg?rggopods. CRC Press, Boca
curred among insecticides for | [and ~ However inthe northern p_artqfthe_ COUNRyssell, RM. J.L. Robertson & N.E. Savin.
slope estimates (Table 1). The relativiey where cotton production is in its in-  1977. A new computer program for probit
toxicity of the different insecticides to thefancy,Dysdercuss considered aprimary ~ analysis. Bull Entomol. Soc. Am. 23 :209-
5% instar cotton stainers in ascendingest. Our assessment of the susceptibil- 213-

der was endosulfan < carbaryl <ty of D. chaquensito these esticidesStadler‘ T. & H.L. Cappozzo. 1988. Zur
or - ry ) q P : Entwicklung und Lebensstrategie von
chlorpyrifos < monocrotophos <represents an accurate baseline due topysdercualbofasciatugBerg, 1878) (Hemi-
cypermethrin < deltamethrin <the lack of previous pesticide pressure ptera: Pyrrhocoridae). Ein Schadling an
lambdacyhalothrin < b-cypermethrin <directed towards this species. These dataBaumwolle in Argentinien. Deutsche
b-cyfluthrin. Overall, the pyrethroids b-will serve as future baseline comparisons g‘?,ﬂg?&g‘gem' angew. Entomol. vol. 6(4-
cyfluthrin_ and b-cypermethrin were the‘_or otheD. chaquensipopulations_and Stadler, T. & M.M. Schang. 1994. El ciclo de
most toxic to the'Sinstars. The orga- life stages, as well as for assessing any vida deAcaulona brasiliandowsend, 1937
nophosphate, endosulfan and the capesticide resistance that may developin (Diptera: Tachinidae) parasitoide de la
bamate, carbaryl were the least toxithis species. We will also use the results chinche tintdrea del algodoner@ysdercus
The organochlorine, monocrotophos ant set the foundation for developing and albofasciatugHeteroptera: Pyrhocoridac).

9 . 5 ) P . ; ) ping Bol. Ent. Venezolana 8,9 (2) :1193-1199.

chlorpyrifos were of intermediate toxic-implementing an integrated pest manag@erba, M.Y. 1996. Evaluacion de un nuevo
ity These results encourage the applinent program in cotton thatwillmanage enemigo natural de la chinche tintérea del

cation of pyrethroids at lower field rateghe cotton stainer at minimal cost and @lgodonerdSporothrixsp. (Deuteromycetes)

relative to organophosphates and calew environmental impact. (L:’r? a qﬁg:‘c;g 0%? é:geﬁaocul?i );S'ed(e:irgﬁ;as
bamates. REFERENCES Exactas y Naturales, Universidad de Buenos

There is no need yet for chemicahbbot, W.S. 1925. Amethod of computingthe  Aires Argentina, 43 pp.
control measures db. chaquensis effectiveness of an insecticide. J. Econ.
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