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Introduction

Japanspecializesin rainfall agriculture,while Israelexcelsin aridandsemiaridagriculture.Thus
thesetwo countrieshave thepotentialto complementeachotherin solvingagriculturalproblemsin
a diversity of climatesand in developing countries. Glass-and plastic-houseculturesadoptedby
Israel originatedin Japan. ThesegreenhousesenableEuropeand other countries to grow fruits,
vegetablesandflowersall yearround. Israelhasbecomea promisingmarket for Japanesechemical
pesticides,and the experience obtainedfrom Israel can be appliedto all the Middle-Eastregion.
On the other hand, Israel hasa prominent genericpesticideproducer. Israel developedthe drip
irrigation systemandtherearemany otheraspectsin Israeli technology, e.g. in biological control,
biopesticides,integratedpestmanagement, andbiotechnology, which shouldbe importantsubjects
for fruitful cooperationamongJapaneseandIsraeliscientists.

The agricultural technologies of Japanand Israel are highly developed. Extensive use of
pesticidesandchemicalfertilizers leadsto severeecologicalhazards,which could be obviatedby
mutual cooperation. Specialemphasisshould be placedon developing novel pesticidescausing
minimumharmto manandtheenvironment,alongwith thesearchfor new approachesin controlling
pestinsects,diseasesandweeds.

Therehasbeena closerelationshipamongJapan,Europe,theU.S.A.anddevelopingcountries,
andsimilarly amongIsrael,Europe,the U.S.A. anddevelopingcountries. Due to the Arab boycott
in the past,JapanandIsraelwerenot so closeasthey shouldhave been. However, sincethe visit
of formerPrimeMinister Murayamato Israelasa resultof thepeaceatmospherein theregion, and
the signingof the Japan–IsraelScienceandTechnologyCooperationAgreement,thedoor between
the two countrieswasopened. For example,a researchcooperationagreementwassignedin 1996
betweenthe Instituteof PhysicalandChemicalResearch(in Japan)andthe WeizmannInstituteof
Science(in Israel). Thus the time becameripe for developing mutual cooperationin the field of
agricultureandcrop protection,the first Workshopon PlantProtectionwasheld in Israel in 1997,
andabilateralrelationshipwasestablishedbetweenTokyo Universityof AgricultureandTheHebrew
Universityof Jerusalemin 1998.

Israel is strongin researchand development, especiallyin high-techand agriculture,subjects
which arehighly valuedby many institutionsin theU.S.A.andEurope.In somesenseIsraelis most
significantfor Japanasa ‘feeler country’ for themostrecentscienceandtechnology in theworld.

Oneof thewaysin which Japancancontribute to theMiddle Eastpeaceis throughagricultural
cooperationamongthe neighboring countries. Cooperative relationshipsamongEgypt,Jordan,the
PalestinianAuthority andIsraelhave alreadybeeninitiated. In this, Israelis taking the leadingrole
andmayserve asa catalystfor cooperationbetweenJapanandMiddle Easterncountries.

For Abstractsof theFirst Workshop,seePhytoparasitica 25(4):345-366(1997).
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To promoteJapan–Israel scientific and technological cooperation, it is of utmost importance
that the partiesinvolved invest considerable effort in researchand development. Israeli scientists
areenthusiasticandeagerfor suchcooperation,whereasnot many Japanese scientistsarefamiliar
with Israel. The presentsecondIsrael–JapanWorkshopon Plant Protectionwill surely enhance
cooperationbetweenthetwo countries.

Prof. EmeritusIzuru Yamamoto
Chairman,Japan–Israel

BinationalCommitteefor PlantProtection

PLENARYSESSION

IPM in Japan

NoboruSaito
Plant ProtectionDivision,Agricultural ProductionBureau,Ministry of Agriculture, Forestryand

Fisheries,Tokyo 100-8950,Japan

TheJapanesearchipelago belongs to the temperatemonsoon zonein EastAsia, which involves
a high pestrisk to crop production. Pestcontrol hasbeenand will be a critical issuefor stable
production. On the other hand, the recenttrend of advancing sustainableagriculturerequiresus
to modify pestcontrolpracticesin orderto avoid adverseeffectsto theenvironment. Integratedpest
management(IPM) is thusincorporatedinto pestcontrolprogramsof nationalandlocalgovernments.
First,introductionof economic injury level is encouragedfor thebasisof pestcontrol,ratherthanfor
seekingcompletefreedomfrom pests.Furthermore,introductionof variouspestcontrol measures
other thanpesticidesis recommended, togetherwith the wise useof pesticidesaccording to a pest
forecastprogramoperatedby bothnationalandlocalgovernments.Onthefield level,ademonstration
programis carriedout, to raisethe farmers’understanding of IPM. Furtherefforts in enhancing the
IPM programarerequiredfor effective executionof IPM in Japan.

Agricultural ScienceCooperation with SoutheastAsia

Izuru Yamamoto
Tokyo University of Agriculture, Tokyo 156-8502,Japan [Fax: +81-3-3425-7120; e-mail:

yam-izur@ma4.justnet.ne.jp]

In 1978 Tokyo University of Agriculture (TUA) was designatedas the core university in the
field of agriculturalscienceby the JapanSociety for the Promotionof Science(JSPS), a quasi-
governmental organizationunder the auspicesof the Ministry of Education,Science,Sportsand
Culture, which intendedto promote academicexchange with developing countries. TUA, with
the cooperationof the counterpartcore universitiesin Indonesia(Bogor Agricultural University),
Thailand(KhonKaenUniversity)andthePhilippines(theUniversityof thePhilippines,LosBaños),
is responsiblefor conducting programsof cooperative research,scientistexchange, and annual
internationalseminars.Eachcoreuniversityalsocooperateswith many universitiesin eachcountry.
NODAI ResearchInstituteof TUA andlaterNODAI Centerfor InternationalProgramsarein charge
of the above programs. The above core university programshave beenactive for 20 years,with
cooperative researchtopicsnumbering55. A total of 1,192scientistshave beeninvited to Japan,
and 1,396weresentfrom Japan. Internationalseminars– 23 all told – areheld every year. The
programalsorelatedto thedissertationPh.D.programunder theauspicesof theJSPS, andasmany
as106scientistsfromthreecounterpartcountriesweregrantedaPh.D.degreein agriculturalsciences.
Numerousinstitutionalandindividualnetworksweredevelopedduringtheaboveprograms.This led
to theestablishmentof theInternationalSocietyfor SoutheastAsianAgriculturalSciences(ISSAAS)
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in 1994 and the sisterrelationshipwith someof the core universities. The activities of ISSAAS
includepublication of a journalandnewsletters,andinternationalseminars.All theabove activities
include plant protectiontopics. Growing interestin, and the needfor plant protectionled to the
establishmentof theInternationalAssociationfor thePlantProtectionSciencesin 1999. Its regional
centerswill serve theeightgeographical regions,amongwhich centerscoveringEastandSoutheast
Asian countriesarebeingsetup in Japan,makinguseof the network of the coreuniversitiesand
ISSAAS.

BIORATIONAL PESTICIDES

Biorational Insecticides– Mechanismsand Applications

I. Ishaaya
�

andA.R. Horowitz
Dept.of Entomology, ARO, TheVolcani Center, BetDagan50250, Israel

[*e-mail: vpisha@netvision.net.il]

In recentyears,insectcontrolby broad-spectruminsecticideshascomeunderassaultandscrutiny
becauseof their undesirable effectson humanhealthandtheenvironment. Furthermore,therapidly
developing resistanceto conventional insecticidesprovidestheimpetusto studynew alternativesand
moreecologicallyacceptablemethodsaspart of insecticideresistancemanagementandintegrated
pest management programs. One of theseapproaches is the development of novel compounds
affecting developmental processesin insects,suchaschitin synthesisinhibitors, juvenile hormone
mimics,andecdysoneagonists. In addition,extensive effortshave beenmadeto developcompounds
actingselectively on somegroupsof insectsby inhibiting or enhancingbiochemicalsitessuchas
respiration(diafenthiuron),thenicotinyl acetylcholinereceptors(imidaclopridandacetamiprid),and
salivary glandsof sucking pests(pymetrozine). Among the most recentnovel insecticideswith
selective properties are novaluron, thiamethoxam and spinosad. Novaluron is a benzoylphenyl
ureathat actsby both ingestionand contact. As suchit is a powerful suppressor of Lepidoptera
(by ingestion)andof whiteflies (by contact). Thiamethoxam is a novel neonicotinoid, which acts
specificallyon aphidsandwhiteflies.Emamectin,anavermectinderivative,actson GABA receptors
andaffectsa wide rangeof insectpestssuchasmites, lepidopteransandthrips. Spinosadactson
thrips andon many otherinsectspecies.The above compoundswerediscussedin relationto their
modesof action,selectivity andimportancein IPM programs.

GABA Antagonist Binding Site: A PromisingTarget for Selective Insecticidal Action

YoshihisaOzoe
��� �

andMiki Akamatsu
�

�
Facultyof Life andEnvironmentalScience, ShimaneUniversity, Matsue690-8504[*e-mail:

ozoe-y@kunibiki.life.shimane-u.ac.jp];and
�
GraduateSchool of Agriculture, KyotoUniversity,

Kyoto606-8502,Japan

�
-Aminobutyric acid (GABA) plays an importantrole as a major inhibitory neurotransmitter

in the nervous systemof animals. The rapid responseof postsynaptic neuronsto GABA is
achieved mainly by ionotropicGABA receptors,which function as transmembrane Cl� channels.
Antagonistsinhibit the action of GABA at the receptors,thereby causingtoxicity to animals.
Noncompetitive antagonists(NCAs), includingdiverseclassesof compounds(e.g. picrotoxininand
relatedterpenoids,cyclodiene insecticides,bicyclophosphatesandrelatedconvulsants, fipronil and
relatedphenylheterocycles, andso on), are thought to allostericallyblock the channelby binding
to a site(or sites)distantfrom theGABA bindingsite. Most studiesusingsite-directedmutagenesis
suggestthatthebindingsitefor NCAsis locatedwithin thechannel,althoughsomeotherstudyresults
are indicative of the presenceof a secondbinding site. Even with the knowledge from molecular
biology studies,the three-dimensional structureof the binding site(s)is still unknown. Undersuch
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circumstances,approachesusingtheNCAsasprobesmightbehelpful for understandingthestructure
of thesite(s)in threedimensions. Wepresentedresultsfrom three-dimensionalquantitativestructure-
activity relationship(3D QSAR) studiesof NCAs, demonstratingthe possibility that structurally
diverseNCAs bind to an identical site in different orientations. Furthermore,the applicationof
the 3D QSAR approach to houseflyand rat GABA receptorsrevealspossibledifferencesin the
pharmacophoreof theNCA bindingsitebetweenanimalspecies,which might provide opportunities
for thedesignof saferinsecticides.

Structur e-Activity Studiesof Neonicotinoid Insecticideson the Basisof Molecular
Similarities

Akira Nakayama*andMasayuki Sukekawa
Odawara Research Center, NipponSodaCo.,Ltd.,Odawara 250-0280, Japan

[*e-mail: a.nakayama@nippon-soda.co.jp]

Neonicotinoidsrepresenta class of novel and attractive insecticideswhich act as agonists
of nicotinic acetylcholinereceptors(nAChR). Recentefforts to discover novel insecticidesby
agrochemical industrieshave succeededin developing a numberof neonicotinoids having various
chemicalstructuressuchasimidacloprid,acetamiprid,nitenpyram,etc.During andaftertheprocess
to develop acetamipridat NipponSoda,we wereinterestedin themolecularsimilarity analysisthat
wassuccessfullyappliedin understandingbioisosterismof drugssuchashistamineH� -antagonists.
In orderto rationalizethestructure-activity profilesof neonicotinoids,themethodof similarity indices
introducedby Richardset al. wasemployed. The stereochemical aspectsof acetamipridby NMR
(nuclearmagneticresonance) spectraandconformational analysissuggested that oneof the stable
conformations of acetamipridresembledthe structureof imidacloprid with respectto steric and
electrostaticproperties.Thesimilarity of eachmoleculeto themostactive compound in a seriesof
neonicotinoids wasalsosignificantlycorrelatedwith the binding activity to nAChR.This indicated
that steric and electrostaticsimilarities of moleculeswere critically important for the activity of
neonicotinoids. Basedon suchresults,we extendedthe molecularsimilarity analysisto the three-
dimensional quantitative structure-activity relationship(3D-QSAR). Two novel similarity indices
representingstericandelectrostaticpropertiesof moleculesin three-dimensionalspaceweredefined,
respectively, andthepartial leastsquaresmethodwasemployed to analyzethe correlationbetween
thereceptor-bindingactivity andthesimilarity indicesof neonicotinoids.A significantQSARmodel
wasobtainedon thebasisof similarity anddissimilarityof themoleculescompared.Thestructural
requirementsof the moleculesfor the activity were visually displayedby highlighting the three-
dimensional grid pointsthatcontributedsignificantlyto theactivity in termsof stericandelectrostatic
properties.The resultsof the 3D-QSARpresenteda hypothetical binding modelof neonicotinoids,
which mayhelpto illustratethepathof molecularrecognitionatnAChR.

Chitin Synthesisin Insects: Genes,Enzymesand Inhibitors

EphraimCohen
Dept.of Entomology. TheHebrew University of Jerusalem,Facultyof Agricultural, Foodand

EnvironmentalQuality Sciences,Rehovot 76100,Israel [e-mail: ecohen@agri.huji.ac.il]

Chitin, which is a large, water-insolublecarbohydratehomopolymer, is composed of 	 -(1,4)-
N-acetyl-D-glucosamine. The biopolymers are coalesced extracellularly, forming microfibrillar
crystalliteswhich areassociatedwith carbohydrates(in thecell wall of fungi) andproteins(in insect
cuticlesandperitrophicmembranes). The dynamicprocessesthat are involved in chitin synthesis
are focusedon the membrane-bound polymerizingenzyme, chitin synthase(CS). Suchprocesses
are involved in the formation of CS, its trafficking and integration into the plasmamembraneat
properlocations,catalysisandtranslocationof nascentchitin polymersacrosstheplasmamembrane
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barrier. The catalyticsiteof CS is inhibited by metabolicproducts (nucleoside peptides)of certain
actinomycetesspecieswhich structurallyresemblethe enzymesubstrate.The mechanismof chitin
synthesisdisruptionby the syntheticacylureacompoundsis poorly understood. The involvement
of postcatalyicevents,suchas the translocationof chitin polymersacrossthe plasmamembrane,
hasbeensuggested.The recentisolation and sequencing of the insectCS genesmay provide a
breakthrough for understanding the exact biochemicallesion inflicted by acylureas. The deduced
amino acid sequences indicate a remarkably large number of transmembranesegments (15–18).
Theseextra transmembranesegmentsmight be associatedwith translocationof polymersandwith
thedisruptionof suchprocessby acylureainhibitors.

Novaluron, a Novel InsectGrowth Regulator: Its Biological Activity and Importance
in IPM Programs

I. Ishaaya* andA.R. Horowitz
Dept.of Entomology, ARO, TheVolcani Center, BetDagan 50250, Israel

[*e-mail: vpisha@netvision.net.il]

Novaluron(RimonEC-10),1-[3-chloro-4(1,1,2-trifluoro-2-trifluoro-methoxy-ethoxy)phenyl]-3-
(2,6-difluorobenzoyl)urea,is a novel benzoylphenyl ureathatactsby both ingestionandcontact.As
suchit is apowerful suppressor of lepidopteran, whitefly andleafminerpests.Thecompoundis in the
processof registrationandcommercializationworldwideby Makhteshim (Be’erSheva,Israel)for the
controlof variousagriculturalpests.OurstudiesindicatedthattheLC
�� valueof Rimonon3rd-instar
Spodoptera littoralis fed on treatedcastorbeanleavesis 
 0.1mg a.i. l � �

. This valueresemblesthat
of Atabron(chlorfluazuron) andis approx. tenfold lower thanthat of Nomolt (teflubenzuron). An
applicationof 25 g a.i. ha� �

in a cottonfield resultedin 100% mortality of both S. littoralis and
Helicoverpaarmigera larvaeupon their exposureto treatedleavesup to day8 afterapplication,and

 60% and30% mortality, respectively, at day 15. Novaluron affects larvaeof Bemisiatabaci to
a muchgreaterextent thandoeseitherchlorfluazuron or teflubenzuron. Two applicationsof 12.5
g a.i. ha� �

(125 g ha� �
) of Rimon in a cottonfield resultedin total suppression of the B. tabaci

population. Artificial rain at a rateof 40 mm h� �
applied24 h after treatmentof a cottonfield, had

no appreciableeffect on thepotency of Rimonon S.littoralis larvae.Hence,Rimonis considereda
rain-fastcompound andcanbeusedin tropicalareasandduring a rainy season.Rimonhassimilar
potency on susceptible andpyriproxyfen- andbuprofezin-resistantB. tabaci strains,indicatingthat
no cross-resistanceoccursbetweenRimon andotherleadingcompounds for controlling whiteflies.
Rimonhasno effect on parasitoidsandphytoseiidmitesandis consideredto have a relatively mild
effectonothernaturalenemies.As such,Rimonis animportantcomponentfor usein integratedpest
management and insecticideresistancemanagement programsfor controlling pestsin field crops,
vegetablesandornamentals.

ActivatedFate in OrganophosphorusInsecticides:OxidativeActivation of
Non-AntiAChE Oxonsand Their Glutathione Conjugates

TakeoKasagami,ToruMiyamoto* andIzuru Yamamoto
Dept.of AppliedBiology andChemistry, Facultyof Bioscience, Tokyo University of Agriculture,

Tokyo 156-8502, Japan [*e-mail: miyamoto@nodai.ac.jp]

Organophosphorus (OP) compoundsare one of the largestgroupsof insecticidesusedin the
world. They areneutralesters,thioestersor amidederivativesof phosphorusacidsor thiophosphorus
acids.MostOPinsecticidesareconvertedinto theiroxonin insectsor animalsby microsomalmixed-
function oxidases(MFO) to inhibit their acetylcholinesterase(AChE), and show an insecticidal
activity. However, certainphosphorothiolates(RS-P(O)<) suchasmethamidophos,profenophosand
prothiophos oxon arestrongly insecticidal,but barelyor never inhibit AchE in vitro. Their oxons
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areconvertedinto theS-oxidesby MFO, which eitherinhibit AChEor decompose,dependingon the
alkyl substituentson the sulfur atom. It is furthermoresuggestedin the caseof the prothiophos
oxon that its S-oxide not only inhibits AChE but also is conjugatedwith glutathione (GSH) by
the actionof glutathioneS-transferaseto inhibit AChE.Likewise, certainphosphoramidates(R� N-
P(O)� ) such as isofenphos oxon, and schradanand propetamphosoxon are also weak in vitro
AChE inhibitors, but stronglyinsecticidal. It is well known that isofenphos oxon is convertedinto
the stableaminophosphate(H � N-P(O)� ) by oxidative dealkylation of the N-ethyl group to inhibit
AChE.Schradanis oxidatively convertedinto nonactive N-desmethylschradan via the metabolites
of strong antiAChE activity. The unstableactive intermediatesare presumedto be the N-oxide
(R� N(O)-P(O)� ) or N-methylol (R’CH(OH)RN-P(O) � ) to inhibit AChE.Theoverall activation of
phosphoramidateshasbeenstudiedusing 2,4-dichlorophenyl methyl N-alkylphosphoramidatesas
model compounds to elucidatethe aminophosphatestructure(R� N-O-P(O)� ) via N-oxide asone
more activated form. This intermediatemay lead to the GSH conjugateof antiAChE activity as
well astheS-oxideintermediateof prothiophos oxon. Theactivationof chemicalsby differenceand
combinationof metabolicreaction,enzymeandisozymemayleadto differentselective toxicity.

Organo-Clay Formulations of Herbicides for ReducedLeachingand Impr oved
Efficacy

B. Rubin* andS.Nir
Inst. of PlantScienceandGeneticsin Agriculture, TheHebrew University of Jerusalem,Facultyof

Agricultural, FoodandEnvironmental Quality Sciences,Rehovot 76100, Israel
[*e-mail: rubin@agri.huji.ac.il]

New formulationsof the widely usedherbicidesalachlor, metolachlorand acetochlorwere
designedand testedby adsorbingthe herbicideto montmorilloniteclay particleswhosesurfaces
weremodified from hydrophilic to hydrophobic by pre-adsorptionof organiccationssuchasben-
zyltrimethyl ammonium (BTMA) and phenyltrimethyl ammonium (PTMA). Herbicideadsorption
was measuredby gaschromatography and its interactionswith the organo-claywere studiedby
Fourier-Transform-InfraRed spectroscopy (FTIR). Adsorption of all herbicideson organo-clay
complexes was significantly higher than that observed on untreatedclay. Laboratoryand field
experimentsdemonstrated that herbicideleachingin soil is greatly reduced and weedcontrol is
improvedwithout damage to crops.Slow releaseof theherbicideto theenvironment maintainedthe
herbicidalactivity in thetopsoil,asdeterminedby abioassayusingSetariaviridis andwheat.Organo-
clay complexespre-adsorbedwith 0.5 mmoleof BTMA or PTMA g� �

gave betterformulationsof
alachlorthanthosepre-adsorbedwith organiccationat thefull cationexchangecapacity(0.8mmole
g � �

). Theenvironmental andagronomicimplicationsof reducedleachingof theseherbicidesin the
soil profilewerediscussed.

Plant-SpecificHerbicidal Targetsin the 21stCentury

Ko Wakabayashi
��� �

andPeterBöger
�

�
Dept.of PlantPhysiology andBiochemistry, TamagawaUniversity, Machida-shi,Tokyo 194-8610,
Japan[*e-mail: kwaka@agr.tamagawa.ac.jp];and

�
Dept.of Plant Physiology andBiochemistry,

KonstanzUniversity, D-78434 Konstanz,Germany

Although the mechanismsof actionof herbicideshave not yet beenfully explained,even for
several of the commerciallyavailable materials,more than 60% of modernherbicidesintroduced
during the last 40 yearsinterferewith structuresandfunctionsof chloroplasts.Suchherbicides,as
well asthoseaffectingauxinactionor cell wall biosynthesis,shouldbeplant-specific.Fiveimportant
herbicidal targets in chloroplastshave beenemphasizedfor both moleculardesignof herbicides
andfor geneticengineeringto breedherbicide-resistantcrops,namely: (i) photosyntheticelectron
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transportsystem;(ii) photosyntheticmembranesystem;(iii) biosynthesisof photosyntheticpigments;
(iv) ammoniametabolismand amino acid biosynthesis;and (v) lipid biosynthesis. Lately, many
herbicideswith biocidalside-effectsarebeingphased out,becauseof lackof toxicologicalselectivity
or dueto environmental impacts.Thehigh userateof theherbicidesoftencausedsuchside-effects.
Even in herbicidestargetingthe plant-specificchloroplasts,someconventionalonesrequirea high
userate(somekg/ha)to controlweeds.Many herbicidescientistshave concentratedtheir efforts on
the moleculardesignof the low-use-rateof herbicidestargetingchloroplastsandproduction of the
herbicide-resistantcrops,consideringthe mechanismsof actionobtainedfrom accuratebiological
and biochemicalprinciples. Thus, we have found the most feasibletwo inhibitor-typestargeting
the chloroplasts:herbicidesinterferingwith acetolactatesynthaseand the peroxidizingherbicides
inhibiting protoporphyrinogen-IXoxidase.Both typesof herbicidescancontrolweedsby a low use
rate(a few g/ha).Herbicidescientistshave alreadystartedto searchfor additionalplant-specificand
biorationalherbicidal targetsto establishbetterweedcontrol in the 21stCentury. They aremore
fortunatethan the older scientists,becausethey can seekany herbicidal targets,as long as those
targetsareplant-specific,askingtheir geneticengineersfor selectivity (betweencropsandweeds)of
inhibitorsdesigned. Severalpossibleherbicidaltargetsin plantcellswerediscussed.

Fatty Acids asContact Herbicides

TakaneFujimori
��� �

andMiyuki Fukuda
�

�
SodaAromaticCo. Ltd.,Noda,Chiba270-0233[*e-mail: takane-fujimori@soda.toray.co.jp]; and�

Orynova K.K., Toyoda-cho, Shizuoka 438-0802, Japan

It is well known that certainaliphatic fatty acidspossess promisinginsecticidalproperties.In
addition, somealiphatic fatty acids,suchaspelargonic acid, possessstrongherbicidalproperties.
They areclassic‘natural’ pesticides,soappesticides,but they areof greatvalueasenvironmentally
safepesticides.Thenotablepropertiesof fatty acidherbicidesinclude: (i) contact-type efficacy, (ii)
immediateeffect, (iii) non-selectivity for weeds,and(iv) high biodegradability, i.e., environmentally
safe.They have a long historybut little is knownabout their herbicidalmechanisms.We conducted
researchonthechemicalchangesin plantleavesfollowing sprayingwith fattyacidherbicides.Using
ion leakagetests,damageto cucumbercotyledon leaveswasobservedjustafterthetreatmentof fatty
acids. In particular, C9 
 C11 fatty acidsshowed a strongeffect. The amount of chlorophyll in
the treatedleavesalsodecreasedandfree fatty acids,which might be the degradationproductsof
polar lipids, increasedwith time. Fatty acidssuchaspelargonic acid may kill plantsprimarily by
membranedisruption.

The Parasitic Plant Orobanche in Israel: Agricultural Importance and Control

Y. Goldwasser
Inst. of PlantScienceandGeneticsin Agriculture, TheHebrew University of Jerusalem,Facultyof

Agricultural, FoodandEnvironmentalQuality Sciences,Rehovot 76100, Israel
[e-mail: ygoldwas@netvision.net.il]

Parasiticplantsaccount for approximately1% of extantangiospermspeciesandarerepresented
in 22 plant families. Several of the parasiticspeciesareimportantagriculturalweeds,particularly
in thecloselyrelatedfamiliesScrophulariaceaeandOrobanchaceae.Orobanchespeciesareobligate
rootholoparasitesthatgerminateonly in responseto specificchemicalgerminationstimulantsexuded
by hostplant roots. The germinatingparasitedevelops a haustorium thatadheres to andpenetrates
the host root and ultimately establishesconnectionsto the vascularsystem,depletingthe host of
nutrients,mineralsand water. Orobanche aegyptiaca, O. ramosa,O. crenata, O. cumanaandO.
cernua are abundant in Israel, causingheavy lossesin yield and quality to a wide spectrumof
crops.Thesespeciesparasitizevegetable, field, fodder, flowerandspicecropsfrom severalbotanical
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families (Fabaceae,Solanaceae,Compositae,Curcurbitaceae,Umbelliferaeand Cruciferae). The
Orobanche life cycle is highly specializedfor parasitismand is extremelydifficult to control, due
to its undergroundandcloseassociationwith hostrootsandcomplex mechanismsof seeddispersal,
germinationandlongevity. Numerouscultural,mechanical,chemicalandbiologicalcontrolmeasures
have beenattemptedwith limited success. SuccessfulOrobanche management tools developed
in Israel include soil solarization, novel selective herbicide application and resistantcultivars.
Arabidopsisthaliana is widely usedasanamenable modelfor thestudyof plantbiology, including
plant–pathogeninteractions.Bringing ArabidopsisandOrobanche togetherin a controlledsystem
enablesthestudyof themolecularandgeneticbasisinvolvedin host-parasiticplantinteractions.We
screened13,000A. thalianaM2 mutantplantsanddetectedfiveM3 lineswhichhadareducedability
to inducegermination. Low germinationrateswere found to be correlatedwith reduceddistance
from therootsat which germinationoccurred. While furtherstudiesarenecessary to determinethe
segregation of low germinationphenotypes,theselines might prove useful for detectionof genes
responsiblefor hostroot germinationstimulantsproduction.

Molecular Basisfor Cross-and Multiple-Resistanceto AcetolactateSynthase
(ALS)-Inhibiting Herbicides and Atra zine in Amaranthus blitoides

(Prostrate Pigweed)

M. Sibony andB. Rubin*
Inst. of PlantScienceandGeneticsin Agriculture, TheHebrew University of Jerusalem,Facultyof

Agricultural, FoodandEnvironmental Quality Sciences,Rehovot 76100, Israel
[*e-mail: rubin@agri.huji.ac.il]

Two biotypes of Amaranthus blitoides (prostratepigweed) that exhibit resistanceto ALS-
inhibiting herbicide(Su-R)andtriazine(T-R) werefoundat sites(GanotandSorek)thathave been
treatedfor severalyearswith sulfometuron+ simazine.A sulfonylurea-sensitiveandtriazine-resistant
(Su-S/T-R) populationwascollectedin acornfield (Yavne).Thesensitive(Su-S/T-S)populationwas
collectedfrom anearbyfield (KefarShmuel)thathasneverbeentreatedwith herbicides.Onawhole-
plantbasis(ED
�� ), theresistanceratio of Su-R/T-R andSu-S/T-S was6 to 790for sulfonylureas,10
to 36 for imidazolinones, 8 for flumetsulam(triazolopyrimidines) and 18 for pyrithiobac-sodium
(pyrimidinylthiobenzoates).In vitro studieshave shown that the Su-Rbiotypewasresistantat the
enzymelevel to all ALS inhibitors tested.Thenucleotidesequences of two amplifiedregionsof the
a/sgenerevealedtwo pointmutations,onein domainA andthesecondin domainB, whichconferred
resistanceRA and RB, respectively, denotingthe different phenotypic symbols. The nucleotide
sequencesof domain A differedbetweenthe Su-S/T-S andthe Su-RA/T-R in only onenucleotide
337(GenBankAccessionNo. AAB67839.1,U55852); cytosinewassubstitutedby thymine(CCT to
TCT). This modificationconfersanexchangeof theaminoacidprolinein Su-S/T-S andSu-S/T-R to
serinein theSu-RA/T-R at position188 of theALS primarystructure.In domainB onenucleotide
substitutionwasobservedatposition1721; guaninewassubstitutedby thymine(TGG to TTG). This
modificationconfersanexchangeof theaminoacidtryptophanin Su-S/T-S,Su-S/T-R andSu-RA/T-
R to leucinein the Su-RB/T-R at position569. Basedon the whole-plantresponse,the resistance
conferredin domainB to sulfometuron-methyl washigherthanthatconferredin domainA. Su-R/T-
R andSu-RB/T-R arecross-andmultiple-resistantbiotypesthatconferanadditionalsinglemutation
in the chloroplasticpsbA genethat changes serineto glycine at position 264 of the D1 protein.
Thebiotypefrom Yavnewasalsoatrazineresistantandhadthesamepoint mutation(Su-S/T-R). A
mixture of threedifferentmutationswas found in the aminoacid primary structureof the regions
sequenced from the Ganotpopulation; two mutationswereresponsiblefor the ALS-resistanceand
onefor thePSIIresistance.Comparingthesequences,thehomozygoteof eachbiotypewasidentified
andrevealedthatsomeplantsareheterozygotesthatinheritedtwo differentmutantALS-genealleles.
All of themwereresistantto the ALS-inhibiting herbicidesandtheresistanceseemsto be dueto a
completelydominant,singlenucleargenemutation.
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Herbicide-Resistant Weedsin Asian Paddy Fields

Kazuyuki Itoh,
��� �

Syuichi Yoshida
�

andEstelaA. Blancaver��
National Instituteof Agro-EnvironmentalSciences,Tsukuba305-8604 [*e-mail:

kito@niaes.affrc.go.jp];
�
FurukawaPrefectural Agricultural ExperimentStation,Miyagi 989-6227;

and � Instituteof AppliedBiochemistry, University of Tsukuba,Ibaraki 305-8572,Japan

Resistanceto sulfonylureasdeveloped in ten annual weedsand one perennialweedfound in
rice cultivation areasin Japan,in five in Korea,andthreein Malaysia. Someresistantpopulations
demonstratehighsulfonylurearesistance.Fifty percentlethaldoses(LD 
�� ) of someresistantbiotypes
were approximately 100 to 1000 times higher than thoseof susceptiblebiotypes. Crossingtests
of Monochoria korsakowii, Lindernia micranthaandScirpusjuncoidessuggestedthat a dominant
nucleicgenecontrolstheinheritancebehavior of thesulfonylurearesistance.Geneticvariationsand
genemutationwere investigatedin the resistantweeds. The beeApis cerana japonica is one of
the main pollinatorsof M. korsakowii, andthe femaleof Lasiogloumsecitulumis the pollinator of
L. micrantha. A control methodwasconfirmedfor sulfonylurea-resistantweedsin paddyfields in
Japan.2,4-Dresistancein threetropicalweedswasconfirmedin Malaysia,ThailandandPhilippines;
a propanil-resistantEchinochloa crus-galli in Sri LankaandThailand;anda butachlor-resistantE.
crus-galli in paddyfieldsin China.

PESTICIDESOF PLANT ORIGIN

Utilizatio n of Natural Products for Development of Insect Control Agents

KanjuOhsawa
Dept.of Bioscience, Facultyof AppliedBioscience, Tokyo University of Agriculture, Setagaya-ku,

Tokyo 156-8502,Japan [e-mail: nodai101@nodai.ac.jp]

Plantsprovideabundantsourcesof secondary metabolitespossessingbiologicalactivitiesagainst
insects.In recentyearsthemostdetailedstudiesof theeffectsof anaturalproduct on insectbehavior
and physiology have been those conductedwith azadirachtinfrom the neem tree, Azadirachta
indica. Tropical countrieshave beenshown to provide a rich sourceof plantscontainingvarious
bioactive substances. The latter are the direct sourceof insect-regulating chemicalsand areused
as leading structuresfor the development of new insect control chemicals. Plant selectionfor
screeningwas basedon three criteria: (i) generaor family of plants which have beenreported
to be effective againstinsects,suchas Annonaceaeand Meliaceae;(ii) plantsusedin traditional
medicine,suchasZingiberaceae;and(iii) randomselection.Annonaceaehave yieldedmany potent
bioactive components with antifeedant and insecticidalactivities againstthe diamondback moth
Plutella xylostella. Squamocin and its relatedcompound, acetogenin, were identified as insect-
regulating compounds for Annonaglabra, etc. The extractsof Agraia harmsianaand Swietenia
mahogani (Meliaceae)showed very high antifeedantandmortality effectsagainstthediamondback
mothandthecabbage webworm Crocidolomiabinotalis. Neem,with azadirachtinasits mainactive
principle,is widely known for its insect-regulatingactivities. Theactiveprinciplefrom A.harmsiana
wasidentifiedasrocaglamideandits relatedcompound. Plantsof the Zingiberaceaearevery well
known for their medicinalproperties.1’- acetoxychavicol acetatewaspurifiedfrom Alpinia galanga
as an insecticidalcomponent. The efficacy of plant extractswas evaluatedagainstlarvae of the
diamondbackmothandthecabbagewebworm, in cabbagecultivation in Indonesia. Treatmentwith
A. galanga and Gomphrena globosaextractsat 0.5% againstthe diamondbackmoth significantly
reducedlarval densityand the percentageof infestedplants,but wasnot effective in reducing the
cabbagewebworm larval densityor theintensityof cabbagedamage.
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Phyto-Chemicalsfor Controlling InsectPests

E. Shaaya,* M. Kostjukovsky andAdaRafaeli
Dept.of StoredProducts,ARO, TheVolcani Center, BetDagan50250, Israel

[*e-mail: vtshaaya@agri.gov.il]

Methyl bromide and phosphine are the most widely used fumigants for controlling pest
infestationsin grain and dry food products, and quarantineinsectsin cut flowers. Somestored-
productinsectshave developed resistanceto phosphine andwith the proposed phaseout of methyl
bromide in the near future, there is an urgent need to searchfor suitablealternatives. In our
laboratory, by screeningalargenumber of essentialoils extractedfrom localaromaticplants,wehave
succeeded to isolatetwo compoundswhich showedhigh potency similar to methylbromideagainst
the major stored-product insects. In addition, studiesusing thesecompoundsagainstquarantine
insectsattackingcut flowers, such as the whitefly and thrips, showed effective mortality at low
concentrations with no concomitant phytotoxic effects. The effect of thesecompounds on the
enzymeacetylcholinesteraseandtheoctopaminesystemsin insectswasstudiedin orderto elucidate
their modeof action. Inhibition of acetylcholine-esteraseactivity in vitro wasevident only at high
concentrations,which indicatesthat this enzyme is not the main site of actionfor the essentialoil.
On the other hand,biologically active essentialoils were found to causea significant increasein
the intracellularmessenger, cyclic AMP of abdominalepidermaltissue. The effect wassignificant
even at low, physiological concentrations. This intracellular response was found to resemble
closelythe significantincreasein cyclic AMP of abdominal epidermaltissuedueto treatmentwith
the neurotransmitter/neuromodulatoroctopamine. Subsequenttreatmentwith the octopaminergic
antagonist phentolamine, effectively inhibited the cyclic AMP levels inducedby the essentialoil
treatment,indicatingpossiblecompetitiveactivationof octopaminergic receptorsby theessentialoil.
Also volatilesextractedfrom oilseedsof cruciferswerefoundto possesshighactivity againststored-
productinsects.Thesevolatilesaremuchmorepotent thanmethylbromideandtheactive essential
oils. Theirhigh activity makesthempotentialsubstitutesfor methylbromide.

Synthesisand Biological Activities of NewCompoundsDerived fr om Alpinia speciosa
Components

Shinkichi Tawata
Dept.of BioscienceandBiotechnology, Facultyof Agriculture, University of theRyukyus,Okinawa

903-0213,Japan[e-mail: b986097@agr.u-ryukyu.ac.jp]

Alpinia speciosais oneof theZingiberaceaespecieswhoseleavesemitapleasant fragrance.The
plant hasbeenutilized traditionally in the packaging of rice cakesandfor medicinalpurposesfor
many yearsin Okinawa. Isothymol,thymol andeugenol in the essentialoil of A. speciosapossess
antifungalactivity againstplantpathogenic fungi. Sincetheseactive constituentsarevolatile in the
naturalenvironment, they have beenchangedinto nonvolatile phosphorothionatesby reactionwith
thiophosphoric agents usingtriethylamineto obtainmorepotentantifungalcompounds. Many five-
and six-memberedcyclic phosphorus compoundswere also preparedfrom theseessentialoils as
exocyclic substituents.Cardamominandalpinetinhavebeenobtainedfrom its seeds.FlavokawainB,
dihydroflavokawain B, dihydro-5,6-dehydrokawain, and5,6-dehydrokawainhave beenisolatedfrom
therhizomes.Phosphorusderivativessynthesizedfrom thesenaturalcompoundswereexaminedfor
their insecticidalandantifungalactivities. Dihydro-5,6-dehydrokawain, which is known to be non-
toxic to mammals,had strongantifungalactivity, indicating its possibleuseas a food antiseptic.
Pyranyl-substitutedcinnamatespreparedfrom kawain analogshadanantioxidative activity.
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NEWAPPROACHESIN PESTANDDISEASECONTROL

ScaleInsect SexPheromonesin Israel

E. Dunkelblum* andZ. Mendel
Inst. of Plant Protection,ARO, TheVolcani Center, BetDagan50250, Israel

[*e-mail: edun@netvision.net.il]

Scaleinsects(Coccoidae)areimportantcosmopolitan pestsof variouscrops.Pheromone-baited
trapsareusefulfor monitoringandmayalsocontribute to their control. Threespecieswerestudied
in Israel: the Israeli pine bastscaleMatsucoccus josephi, the citrus mealybug Planococcus citri
and the vine mealybug P. ficus. We identified andsynthesizedthe racemicsex pheromone of M.
josephi. Field testsconfirmedthe pheromonal activity to malesand indicatedstrongkairomonal
activity to the predatorbug Elatophilus hebraicus. Pheromonetraps were used to study the
phenology of both insects.A seriesof analogs waspreparedandtested.Resultsshowed thateither
pheromonalor kairomonal activity canbeinduced by specificalterationin thestructures.In addition,
other Matsucoccuspheromonesdisplayedkairomonal activity, attractingboth predatorybugs and
lacewings. The structureactivity relationshipof the P. citri pheromone has beenstudiedand a
convenient synthesisof the pheromone andanalogswasdeveloped. Field testsshowed that some
analogsdisplaysignificantattractancy to males.However, no kairomonal activity wasdetectedwith
the pheromone or with any of the analogs. The homolog analogmay have practical importance
becauseits synthesis is muchmoreconvenient thanthat of the pheromone. Pheromonetrapswere
usedto study the phenology of the insect in variouspartsof Israel. In an attemptto develop a
monitoringsystemfor P. ficus, independent researchwasconducted in California and Israel. The
U.S. teamidentifiedan active pheromone component; we have identifiedan additionalcomponent.
The attractionof P. ficusmalesto both componentswasdemonstratedby bioassays in a petri dish
arenaaswell asin flight assaysin themealybug rearingroom. Indoors, bothcompoundsdisplayed
similar activity. However, trials in a vineyard indicatedthat the secondcompound wasnot active
alone.Furthertestsarein progressin orderto elucidatethisphenomenon.

Mating Disruption of the JapaneseGiant Looper in TeaGardensPermeatedwith
SyntheticPheromoneand RelatedCompounds

TetsuAndo
GraduateSchool of Bio-applicationsandSystemsEngineering, Tokyo University of Agriculture and

Technology, Koganei,Tokyo 184-8588,Japan [e-mail: antetsu@cc.tuat.ac.jp]

In Japan,new pest management techniques without insecticidesare a much desiredgoal,
particularly for defoliatorsin teagardens.In 1983, a product namedHamaki-con, a polyethylene
tubecontaining(Z)-11-tetradecenyl acetate,wasregistered.Thiscompound is acommon component
of the sex pheromones of both species. ‘Hamaki-con” has beenusedto keep thesespeciesat
a low populationlevel mainly in the Shizuoka,Mie, and Kumamotoprefecturesin Japan. The
Japanesegiantlooper(mugwort looper, AscotisselenariacretaceaButler, Geometridae:Ennominae)
is another lepidopterousspecieswhich seriously damagestea leaves. The females produce
racemic(Z,Z)-6,9-cis-3,4-epoxynona-decadiene(epo3,Z6,Z9-19:H, main component) and (Z,Z,Z)-
3,6,9-nonadecatriene(Z3,Z6,Z9-19:H, minor component). The orientation of the males to the
syntheticpheromoneplacedin a trap wasstrongly disruptedby Z3,Z,Z9-19:H or a mixture of its
monoepoxy derivatives (epoxydienemixture, EDM) impregnatedin septaand placedaroundthe
trap.Basedon this result,polyethylenetubescontainingZ3,Z6,Z9-19:Hor EDM werepreparedand
theeffect of thesedispenserswasexaminedin thefield. Disruptionof maleorientationto synthetic
pheromonetrapswasachieved in orchardspermeatedwith Z3,Z6,Z9-19:Hat a dispenserdensityof
3000and5000tubesha� �

(releaserate:0.55–0.61mg day� �
tube� �

) andwith EDM atevery tested
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dose,250–5000tubesha� �
(releaserate: 0.25–0.39mg day� �

tube� �
). Furthermore,disruptionof

matingin tetheredfemaleswasobserved in theseorchards;matingwascompletelyinhibited in the
areastreatedwith EDM at 3000and5000tubesha� �

. This is the first formulationfor the mating
disruptionof a geometridpest.

Thr ee-DimensionalCommon-FeatureHypothesesof Novel Inhibitors of Calling and
in vitro [

���
C]Acetate Incorporation by Pheromone Glands of Plodia interpunctella

Akinori Hirashima
Dept.of AppliedGeneticsandPestManagement,Facultyof Agriculture, KyushuUniversity,

Fukuoka812-8581,Japan[e-mail: ahirasim@agr.kyushu-u.ac.jp]

Reproductive behavior in mothsis dependenton chemicalcommunication. In mostspeciesof
moths,femalesproduce and releasean attractive blend of pheromone to which conspecificmales
orientate. Productionof the pheromone blend is under the regulation of a neuropeptide termed
pheromone biosynthesisactivating neuropeptide (PBAN). The direct action of PBAN has been
demonstratedby studiesin vitro showing stimulationof pheromone productionin the presenceof
syntheticPBAN by isolatedpheromone-glandtissue. Biogenicamines,suchasoctopamine(OA),
play a key role asneurotransmitters,neurohormonesandneuromodulatorsin invertebratesystems
with a physiologicalrole analogous to adrenalinein vertebrates.In Helicoverpa armigera, it has
beenshown thatOA andOA agonistssignificantlyinhibit thepheromonotropicactiondueto PBAN in
intactanddecapitatedmothsaswell aspheromone-glandincubations in vitro. Thepheromonostatic
receptor, playinganeuromodulatoryrole,representsa novel typeof OA receptor. SomeOA agonists
were found to suppressin vitro biosynthesisof the calling pheromone of the Indian meal moth,
Plodia interpunctella. Isolatedpheromone-glandpreparations incorporated[

���
C]sodiumacetateat

a linear rate for 3 h when incubatedwith the PBAN. This incorporationwas dependent on the
doseof PBAN (up to 0.5 � M). Thin layer chromatography of a pheromone-glandextract revealed
quantitative incorporationof radioactivity into a productexhibiting thesamemobility as(Z,E)-9,12-
tetradecadienyl acetate,the main component of the calling pheromone of P. interpunctella. OA
agonistswereinitially screenedusingacallingbehavior bioassayof femaleIndianmealmoths.These
compoundsalsoshowed in vitro inhibitory activity in intracellulardenovo pheromonebiosynthesis.
The resultsof the presentstudy indicate that thesederivatives could provide useful information
in the characterizationand differentiationof OA receptortypesandsubtypes. Three-dimensional
pharmacophore hypotheseswere built from a set of 10 OA agonist2-(Arylimino)imidazolidines
(AIIs), 2-(Arylimino)thiazolidines(AITs) and2-(Arylimino)oxazolidines(AIOs),etc.TheactiveOA
agonistagreedwell with all thefeaturesof ourhypothesis.On theotherhand,lessactivecompounds
had difficulty in achieving the energetically favorableconformation which is found in the active
moleculesin orderto fit the3D common-featurepharmacophoremodels.

Towards Long-Term Useof Cry Proteinsin Agricultur e: Understanding Interactions
of Separate Toxin Domainswith Lar val Gut Membrane Receptors

D. Avisar, B. Sneh*andAviahZilberstein
Dept.of PlantSciences,Tel-Aviv University, RamatAviv 69978, Israel

[*e-mail: snehba@post.tau.ac.il]

Theincreasinguseof insect-resistanttransgeniccropplantsexpressinga varietyof Cry proteins
imposesa strongselective pressuretowardsthe developmentof insectpopulations resistantto � -
endotoxins. One way to reducethis possibility is to include in the field a certainpercentageof
insect-sensitive (wild type)plantsasrefugia. Anotherway is to useotherCry proteins,which bind
to different gut epitheliumreceptors. Thus, understanding the interactionsof the threestructural
domainsof thetoxic partof Cry1 proteinsmayindicatewhich combinationsof receptorrecognition
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siteswith the gut receptorsmay be developedfor increasingtoxicity, to expandthe hostrangeand
serve as alternatives for � -endotoxinsusedin transgenic plants to counteract the developmentof
resistantinsectpopulations.Many studiesrelatedto interactionsof Cry1proteinswith gutmembrane
receptorsarebasedonusingmutatedfull lengthtoxic partsresultingfrom domainswamping,or site-
directedmutagenesis.In thepresentstudywehavetriedto analyzenetinteractionsof separateCry1C
structuraldomainswith thegut epithelialmembraneindependent of neighboring structuraleffectsof
thetwo otherdomains.

Basedonthecommonthree-dimensionalstructureof Cry1proteins,singlestructuraldomainsand
combinationsof two consecutivedomainsof thetoxic partof Cry1Cwereexpressedin anEscherichia
coli over-expressionsystem.FPLC purifieddomainII aswell asthe65kDatoxic partwereexamined
in BBMV bindingassays.TheKcom valueof domainII was20-fold higherthanthatof the65 kDa
protein,indicatingthat the presenceof theotherstructuraldomainsis requiredfor the high affinity
interactionwith thegutmembrane.Indeed,whentheBBMV interactioncapacitywith otherdomains
wasestimated,all threeof theseparatedomains, aswell ascombinations of two adjacentdomains,
revealedsignificantinteractionwith themembranevesicles.

Theability to expressseparateCry1Cstructuraldomainsasindependententitieswasusedfurther
to evaluatewhetheror not domainsII andIII interactwith the samereceptorandwith identicalor
separatereceptorsites. Competitive binding assaysof the two domainsindicatedthat domainII
competesefficiently with domainIII on binding to theBBMV. Whenever domainII wasadded,the
overall bindingof domainIII wasconsiderably reduced,suggestingacommon interactionof thetwo
domainswith thesamesinglesite. This putative site is independently recognizedby bothdomains,
but revealsstrongeraffinity towardsdomainII. The reducedbinding of domainIII in the presence
of domainII indicatesindirectly that the primary interactionthatoccursin the full lengthtoxin (65
kDa) betweendomainIII andthemembranereceptoris probably dependenton a 3D native folding
structurethatexposesdomainIII first, while theinteractionof domainII with thereceptorrequiresa
furtherchangein thefolding of theboundCry1 protein.

Insect PestControl Using the Sterile Insect Techniquein Japan

Hiroyuki Kuba
��� �

andMasaakiYamagishi
�

�
Dept.of Plant Pathology andEntomology, OkinawaPrefectural Agricultural ExperimentStation,
Naha,Okinawa903-0814 [*e-mail: h-kuba@nousi.pref.okinawa.jp];and

�
OkinawaPrefectural

Fruit Fly EradicationProjectOffice, Naha,Okinawa902-0072,Japan

TheSterileInsectTechnique(SIT) is oneof the insectpestcontrol methodsdeveloped in 1952
by Dr. Knipling for eradicationof the screwworm in the USA. Sincethen, the SIT hasbeenused
throughout the world for control of fruit fly pests. In Japan,SIT was adoptedas an eradication
control methodfor the melon fly Bactrocera cucurbitae which invaded the Southwesternislands,
andfor theOrientalfruit fly B. dorsaliswhich invadedtheOgasawaraislands;their eradicationwas
accomplished a few yearsago. On the otherhand,the occurrenceof the sweetpotatoweevil Cylas
formicarius, and the West Indian sweetpotatoweevil Euscepespostfasciatus, was recordedin the
lastcenturyon theSouthwesternislands.They infestedthestorageroot of sweetpotatoseverelyand
their distribution wasexpanding northward.Sincethey arealsoimportantplantquarantinepests,we
have starteda control projectaiming at their eradicationusingthe SIT. Therehasbeenno attempt
to control pestweevils usingSIT. Therefore,the successof the new projectwould meanthat SIT
will be applicablefor control of other taxonomicinsectpests.So far, SIT hasbeenrecognized as
a control methodonly for special,economically importantpests,becauseit is moreexpensive than
othermethods,suchasinsecticideapplication.However, asDr. Salemasaidin his opening address
at theInternationalConferenceon Area-WideControlof InsectPestsheldin Malaysiain 1998, “SIT
is themostenvironment-friendly methodof pestmanagement ����� SIT is economically competitiveor
evensuperiorto conventional methodswhenconsideredoverlongertimeframes. ����� ” To examinethe
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feasibility of area-widecontrol usingSIT for the sweetpotatoweevils, we implementedthe project
on KumeIslandover anareaof ca 6,000ha.Theoutlineof thefruit flies projectsanda reportof our
sweetpotatoweevils projecton KumeIslandwerepresented.

NewTrendsin ChemicalStructur eand Mechanismsof Action of Fungicides

Y. Sasson
Makhteshim ChemicalWorks,Be’erSheva,andCasaliInstituteof AppliedChemistry, TheHebrew

University of Jerusalem,Israel [e-mail: ysasson@makhteshim.co.il]

In view of the rapid development and commercializationof geneticallymodified herbicide-
tolerantandinsect-resistantcrops,themoreclassicaldomainof chemicalfungicidesprevails asthe
mostdynamic agrochemicalsector, with numerousnew productsandpositiveexpectationsfor future
growth. Therelativemarket significanceof fungicideswill mostlikely increasein comingyearsalso
dueto therapid intensificationof agriculturein developing countries.Threemajorcurrenttrendsin
thediseasecontrolarenawereanalyzed:
(i) The unprecedentedrapid evolution of the strobilurin family as the dominant top-sellingbroad-
spectrumfungicide group, with azoxystrobin exceeding$0.5 billion in global annual sales. This
wasaccompaniedby a correspondingshrinkage of theoldertriazoleproductsthathadcontrolledthe
market for 20 years. The competitionin the strobilurin areageneratedin the last coupleof years
at leastten new commerciallyactive compoundsandscoresof in-the-pipe-lineproducts, all based
on the rudimentarypharmacophoresresponsiblefor the unique modeof action: methoxyiminoor
methoxyethenophenylaceticmethylestersor methylamides.
(ii) Concurrently, all major ag-chemcompaniesarevigorouslyseekingnew non-strobilurinfungi-
cides with novel modesof action. Interestingly, practically all the recently announced active
compounds embodythe function of carboxamideor sulfonamide. Someof theseamide-derived
molecules(suchasDu Pont’s Famoxadone andCyazofamideby Ishihara)arepotentinhibitors of
mitochondrial electrontransport,blocking(analogously to strobilurins)thefunctionof theubiquinol:
cytochrome-c-oxireductasecomplex. Others,e.g. Carpropamidof Nihon-Bayer andFenoxanil by
BASF, areclassifiedassystemicmelaninbiosynthesisinhibitors.Othercontemporarymoleculesare
Fenamidone(Aventis), Fenhexamideand Iprovalicarb (Bayer), Ethaboxam(LG), Benthiavalicarb
(Kumiai)andSilthiofam(Monsanto).
(iii) Emerging comprehensionof natural plant defensestrategies and mechanismsgave way to
artificial inductionof diseaseresistancein crops.Theconceptof systemicacquiredresistanceis now
well established.Chemicalactivatorssuchasacibenzolar-S-methylandbiological inducerssuchas
the polypeptide Harpin arealreadyavailableon the market. Thesecompounds have no fungicidal
activity in vitro, but whenappliedto a plant they initiate complex signalingpathwaysactivating the
plant’s own defensesystem.Interestingly, enhancedtoleranceto heat,chilling anddrought stresses
combinedwith increasednutrientuptake andfastergrowth arealsoobserved.

Molecular Diagnostic Proceduresfor Production of Pathogen-FreePropagation
Material

Shulamit Manulis
Dept.of Plant Pathology, ARO, TheVolcani Center, BetDagan50250, Israel

[e-mail: shulam@netvision.net.il]

Productionof disease-freepropagationmaterialis consideredamajormeansof controllingmost
bacterialdiseases,particularly when neither resistantclonesnor effective chemicaltreatmentare
available. For this purposesensitive, specific, rapid and reliable detectionmethodsare required.
Theadvent of molecularbiology andparticularlythepolymerasechainreaction(PCR)openednew
waysfor characterizationandidentificationof plantpathogensandfor devising diseasemanagement
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strategies. PCR-baseddetectionmethodsare relied upon for the development of primersfor the
specificdetectionof the pathogen. The useof pathogenicity genesas targetsfor primersdesign
is the preferredprocedurefor obtaining specific primers. However, other procedures may also
be usedfor this purpose. The advantages and disadvantagesof the available diagnostic methods
werediscussedby presentingseveral examples. In the caseof Erwinia herbicola pv. gypsophilae
causinggall forming in gypsophilaplants,studiesof the molecularbasisof pathogenicity enabled
the developmentof a specificPCRprocedure basedon the sequenceof the cytokinin biosynthesis
genes.In geranium,production of nuclearstockof motherplantsfreeof Xanthomonas campestris
pv. pelargonii is basedon immunofluorescencecombinedwith isolationon a platingmedium.Since
in this procedure falsepositives often occur, a specificPCR-basedprocedure for detectionof the
pathogen in geraniumplantswasdeveloped. Detectionof Agrobacteriumtumefaciensin asterand
roseis beingcarriedout by plating on a semi-selective mediumandconfirmingpositive resultsby
PCR.The useof this procedure for production of cleanmotherplantsof the rootstockRosaindica
is currently being evaluated. In cabbage seeds,PCR-basedprotocolsfor detectingXanthomonas
campestrissubsp.campestrisandErwinia carotovora subsp.carotovora have alsobeendeveloped.

Developmentof Milbemectin asa Trunk Injection Agent against Pine Wilt Disease
Causedby the PineWoodNematodeBursaphelenchus xylophilus

Keiji Tanaka,* Reiji IchinoseandKinji Tanizawa
AgroscienceResearch Lab., Sankyo Co. Ltd.,Shiga520-2300,Japan

[*e-mail: tkeiji@yasu.sankyo.co.jp]

A trunk injectionof nematicidalcompoundsto pine treeshasbeenrecognizedto bea practical
and effective methodto control pine wilt disease. The pine wood nematode,Bursaphelenchus
xylophilus(Steineret Buhrer)Nickle, is the causalagentof this diseaseof Japaneseblack andred
pines.This nematode is transmittedto healthypinetreesby theJapanesepinesawyer, Monochamus
alternatusHope,duringtheirmaturationfeedingon twigs. Fromthetwigs thenematodesareknown
to spreaddown throughout thetrunkof thepinetreewithin acouple of days,andto inducecavitation
– which causeswaterdeficit throughout thetrunk andfinally leadsto deathof thetree.Milbemectin,
a mixture of milbemycinA � andmilbemycinA ��� exertspotentanti-nematodal activity againstthe
pine wood nematode. Whenit wasinjectedinto the trunk of a pine tree,it wasfound to be widely
distributed inside the trunk andbranchesof the tree,andkilled the nematodesbeforethey caused
fatalwilt of thetree.Thesiteof transmissionof thenematodesby theJapanesepinesawyer is anew
twig of thisyear’sgrowth. Therefore,milbemectinmustbedistributednotonly throughout theinside
of thetrunk but alsoto thetwigs, in orderto controlthenematode effectively.

Production of Anti-v irus, Vir oid Plantsby GeneticManipulations

IsaoIshida,
��� �

Masayoshi Tukahara,
�

MasaharuYoshioka,
�

ToshiyaOgawa,
�

Maokoto
Kakitani

�
andToshihiroToguri��

Pharmaceutical Division,
�
Central Research Labsfor Key Technology and � Agribio Business

Division,Kirin BreweryCo. Ltd.,Tokyo 104-8288, Japan [*e-mail: iishida@kirin.co.jp]

Most pathogenic plant virusesare RNA viruses,which make double-strandedRNA (dsRNA)
forms when they replicatein their host plant cells. Introductionof dsRNA-specific ribonuclease
suchasShizosaccharomycespombe-derivedpacI proteinandanimalcell-derivedinterferon-induced
2’,5’-oligoadenylatesynthetase(2-5Aase)/ribonucleaseL (RNaseL) systeminto diverseplantsmay
make theplantsresistantto variouspathogenicvirusesandviroids. It wasdemonstratedthatthepac
I or the2-5Aase/RNaseL transgenictobaccoplantsareresistantto variousvirusesincludingtobacco
mosaicvirus (TMV), cucumber mosaicvirus (CMV) andpotatovirus Y (PVY), andalso that the
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pac I transgenicpotatoplantsare resistantto potatospindletuber viroid (PSVd). We established
the transformationsystemof chrysanthemumplants,and recentlydeveloped the pac I transgenic
chrysanthemum(Dendranthemumgrandiflora cv. Reagan)resistantto chrysanthemumstuntviroid
(CSVd).

Production of Patchouli Mild MosaicVirus-ResistantPatchouli Plantsby Genetic
Engineeringof Coat Protein Precursor Gene

NaotoKadotani andMasatoIkegami
�

Dept.of Bioscience, Facultyof AppliedBioscience, Tokyo University of Agriculture, Tokyo
156-8502, Japan [*e-mail: ikegami@nodai.ac.jp]

Patchouli (Pogostemoncablin Benth.) is an aromaticcrop which yields an essentialoil and
is widely cultivatedin South-EastAsia. Patchouli mild mosaicvirus (PaMMV) infectspatchouli
plantsand causesa decreasein leaf biomassand essentialoil yield. We succeededin producing
transgenicpatchouli plantswith PaMMV coat protein precursor (CP-P)geneby Agrobacterium-
mediatedtransformation.PaMMV CP-Pgeneintegrationinto thepatchouligenomewasconfirmed
by PCRandSouthernblot analysis.Thecopy numberof integratedgenesin the transformantswas
estimatedto beoneto threeby Southernblot analysis.Thetransformantwith threecopy geneswas
testedfor resistanceto PaMMV by artificial inoculationin an environmentally controlledcabinet,
and this transformantwas found to be highly resistantto PaMMV. The transgenicpatchouli plant
with PaMMV CP-Pgeneshouldprovide valuablematerialfor protectionagainstPaMMV.

TransgenicPlants Tolerant to a Pathogenic Toxin Confer EnhancedResistanceto
Plant Diseases

Hiroyuki Anzai
��� �

andKatsuyoshi Yoneyama
�

�
GeneResearch Center, Ibaraki University, Ami, Ibaraki 300-0393 [*e-mail:

anzai@ipc.ibaraki.ac.jp]; and
�
School of Agriculture, Meiji University, Kawasaki,Kanagawa

214-8571,Japan

A simple and useful strategy for molecular breeding of disease-resistantplants involves
introducing a toxin-tolerantgene into plants, with typical examplesbeing tobaccowildfire and
kiwifruit canker diseases.Wildfire diseaseof tobaccoplantsis causedby Pseudomonas syringae
pv. tabaci thatproducestabtoxin,a potentinhibitor of glutaminesynthetase.A tabtoxinresistance
(ttr) geneencoding acetylationof the toxin wasclonedfrom thepathogenitself andintroducedinto
tobaccoplantsby Agrobacterium-mediatedtransformation.The transgenictobaccoharboringthe
genebecameresistantnot only to tabtoxinbut alsoto wildfire disease.This wasthefirst successful
caseof the transgenicplants evincing bacterialdiseasesusing a geneticengineeringtechnique,
althoughnumerous virus-resistanttransgenicplantshave beencreated.Anotherexampleis canker
diseaseof kiwifruit plantscausedby P. syringaepv. actinidiae, which producesthe pathogenic
toxin phaseolotoxin. This toxin inhibitsornithinecarbamoyl transferase(OCTase)relatedto arginine
biosynthesis in the chloroplastsof plant cells. The clonedphaseolotoxin-insensitive OCTasegene
(argK) from P. syringaepv. phaseolicolawas introducedinto kiwifruit plantsby Agrobacterium-
mediatedtransformation,in which theargK genewasfusedto thetransitpeptidegeneof RubiscoSS
from tobaccoplants.An assayof diseaseresistanceby sprayinoculationof P. syringaepv. actinidiae
showedthatthetransgenickiwifruit plantshadenhanced resistanceto canker diseaseandsuppressed
bacterialpropagation.Suchprogresswill alsocontribute to a basicunderstanding of plant diseases
on the relationshipbetweensymptom development and pathogenic toxins, and on the interaction
betweenpathogensandplants.
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PESTICIDESAND THEENVIRONMENT

PesticideDegradation and BiochemicalActivity of Solar Photocatalysis

LeaMuszkat,
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Titaniumdioxide photocatalysis hasbeenthe focusof muchwater-purificationresearch,which
revealedits potentialin degradationof hazardousorganicsubstances,andrecentlyalsophotocatalyt-
ically inactivatedmicrobial cells have beenreported. Both of theseaspectswerediscussedin the
presentwork, which includesresultson thedye-enhancementof theTiO� photocatalytic processand
on the photocatalyticdegradation of proteins. Dye-photoenhancement of the TiO� photocatalytic
processhasbeenstudiedin herbicidesof the bromouracil andtriazinegroups. Accelerationof the
photocatalytic oxidationof bromacil andbromouracil wasobservedby aprocessof dyesensitization.
Both UV andvisible light wererequiredfor the enhanced decomposition. The mechanismof the
reactionseemsto involve a combinationof oxidation by hydroxyl radicals,via the hole-electron
semiconductor route,with oxidationby singletoxygen of photo-oxidation intermediatesof the OH
process. In parallel, the photocatalytic degradationof proteinshas beenevaluated. The TiO�
photocatalyzedoxidation of examinedmodel proteins(albumin, ovalbumin and gammaglobulin)
shows the susceptibilityof the protein to photocleavageand of the amino acidsto photocatalytic
degradation. Tyrosinewasthemostsensitive to photocatalyticdegradation,while thedegradationof
thealiphaticaminoacidsglycineandasparaginewasslow.

Photostabilization of Biocontrol Agents

E. Cohen
Dept.of Entomology, TheHebrew University of Jerusalem,Facultyof Agricultural, Foodand

EnvironmentalQualitySciences,Rehovot 76100, Israel [*e-mail: ecohen@agri.huji.ac.il]

Biocontrol agentsoffer toxicologically safe and environmentally acceptablealternatives to
syntheticpesticides. Invariably, the efficacy of biocontrol measureshas beencompromisedby
poor persistenceand inadequate field performance. Photosensitivity to solar irradiation hasbeen
recognizedasthemajor environmental factorresponsiblefor suchdisappointing field performance.
Clay surfaceswereusedfor adsorptionof cationicphotoprotectantssuchasacriflavine, berberine
and palmatine. Biocontrol agentslike microbials (Bacillus thuringiensis)and entomopathogenic
virusesandfungi weregreatlyphotostabilizedby clay–dyecomplexes. As the toxicological safety
of the cationic dyes is uncertain,other potentialphotostabilizers, suchas the negatively charged
Naphthol Yellow S and Fast Green,were selected. In order to bind theseanionic compounds
successfully, thesurfacechargeof clayssuchasmontmorillonite,attapulgite,kaoliniteandbentonite
wasreversedby adsorptionto thepolycationchitosan.Thepotency of theclay–chitosan–dyematrices
to photostabilizetheentomopathogenicfungusAschersonia sp.wasdemonstrated.

INTEGRATEDPESTMANAGEMENT

The Perspectiveof Ecological WeedControl

MasayukiNemoto
Dept.of Landscape Architecture, Facultyof Regional EnvironmentScience, Tokyo University of

Agriculture, Tokyo 156-8502,Japan
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Ecologicalweedcontrol methods canbe consideredfrom the following threeviewpoints: The
first way is to createunfavorableconditionsfor weedplants,which enhance thecompetitive ability
of target plants(crops)againstthe weedplantsby modifying the seedingtime, amountof sowing
seed,management of waterandfertilizer, andso on. As a result,unfavorableconditionsfor weed
plantsarecreated.Thesecondmethodis to introducecompanion crops,suchasacovercropandlive
mulch,which effectively cover thebarespaceon thegroundsurfaceandsuppresstheemergenceof
weedplants.Someof thecompanion cropsmayresultin allelopathicdepression.Thethird method
is to suppresstheformationanddispersionof theweedplant’s reproductive organs– suchasseeds,
rhizomes,tubers,bulbs– by meansof croprotationandalterationof croppingsequence.Thismethod
alsoshutsout thetroublesomeweedsinvadingfrom outside.Weedplantsareuninvited guestsin the
rural ecosystem,which arecontinuously spreadby humanintervention. In my opinion, the aim of
weedcontrol is not to suppressweedgrowth, but to provide an obstructionto the living spacefor
weeds.

Nonfungicidal Strategies to Control SoilbornePlant Diseases

TsutomuArie,
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Facing the possibleexplosion of the earth’s population, maintenance of sustainableagro-
productionshould be one of the most importantaims of modernscience. Diseasescausedand
developed by soilborne pathogens have been great obstaclesto achieving that aim. Recently,
environmental risksof applyingbiocidalsoil-fumigantssuchasmethylbromideto controlsoilborne
diseaseshave beentargeted,and constructionof integratedmanagementsystemswhich will be
more in harmony with the environment is demanded. Non-fungicidal chemicalsare expectedto
be less likely to lead to development of fungicide-resistantpathogens and to have less impact
on the environment. Two examplesof non-fungicidal chemicalscapable of controlling soilborne
diseases,and their possiblemechanisms,are: (i) Epoxydon, with anti-auxinicactivity and which
reducessymptomdevelopmentof clubroot disease(Plasmodiophora brassicae) on Brassicaspp.;
and (ii) ValidamycinA, which induces resistanceto Fusariumwilt disease(Fusariumoxysporum
f.sp. lycopersici) by foliar sprayon tomato.

InsecticideResistanceManagementPrograms: Their Importance in Controlling
Insect Pests

A.R. Horowitz
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andI. Ishaaya
�
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�
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TheIsraeliinsecticideresistancemanagement (IRM) strategy, introducedin cottonin 1987aspart
of an integratedpestmanagement (IPM) program, is focusedprimarily on controlling cottonpests
with novel insecticidesalongwith alternative control measuressuchassex disruptionandnatural
enemyencouragement.Eachinsecticideis usedonceduringa crop season,followed if requiredby
anotherinsecticidewith a differentmodeof action. Therehasbeenextensive resistancemonitoring
throughout thisperiodto detectany resistancearisingin key cottonpestsdespitetheseIRM measures.
The rationaluseof insecticideshasled to substantial reductions in insecticideapplications,andin
generalhasmaintainedthesusceptibilityof thepeststo thevariousgroups of insecticides.However,
after 13 yearsof the IPM–IRM strategy, somechangesin resistanceto conventional and novel
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insecticideshavebeenobserved. Modificationsto thestrategy, whichincludetheuseof BT-transgenic
cotton,arebeingconsidered. At present,similar strategiesarebeingdevelopedand implemented
area-widefor variouscrops in Israel. The history of resistancedevelopment to pyriproxyfen by
the whitefly Bemisiatabaci (Gennadius)is a casein point. This provides a striking exampleof
the genetic,ecologicaland operationalfactorsthat combineto promoteresistance,even within a
well-definedIRM strategy. Pyriproxyfen,a juvenile hormone mimic, normally shows outstanding
effectivenessagainstB. tabaci field populations. The dynamics of pyriproxyfen resistancein B.
tabacihave beenstudiedmostintensively in cottonfieldsandgreenhousesin Israel.High resistance
to pyriproxyfen evolved oneyearafter its introductionin a greenhousefloriculture,aftersuccessive
applications.After 9 yearsof pyriproxyfenusein cottonfieldswith only oneapplicationperseason,a
moderateto high level of resistancewasobservedin somelocalities.As aconsequence,pyriproxyfen
usein high-resistancelocalitieshasceased, but in areaswith low frequenciesof resistance,cotton
growershave continuedto achieve reasonable control of B. tabaci with pyriproxyfen. The absence
of pyriproxyfen applicationsin somecottonfields,led to loweredresistancelevelsin 1998–2000.

Enhancing Biological Control with SelectivePesticides:An Experimental and
Practical Approachto PestManagement

HisashiNemoto
Sectionof AppliedBiology, SaitamaAgriculture & ForestryResearch Center, Kiku 3456-0037,

Japan

In most areasof the world, the identity of important natural enemiesof major pests of
vegetablecropsis oftenunknown andthustheeffectsof pesticideson thesenaturalenemiesremain
undetermined. In such areas,however, it is possibleto determinethe effects of pesticideson
major pestsand their naturalenemies,and to find selective pesticideswhich enhance biological
control. This can be doneby recordingseasonal changes in the abundance of all pestsand their
natural enemiesin small field plots sprayed,repeatedly, with all available pesticides. We have
developed this experimentalandpracticalapproachto pestmanagement for eggplant andbroccoli
andobtainedsuccessfulresultsin field experiments.On thebasisof theseresultswe suggestedthat
enhancing biological control with the useof selective pesticidesis a viable approachfor vegetable
pestmanagement.

Needfor IPM Paradigm Shift in Asian Agricultur e

YoshitoSuzuki
Dept.of Entomology andNematology, NationalAgricultural Research Center, Tsukuba305-8666,

Japan [e-mail: pa8422@affrc.go.jp]

TheIPM philosophy hasbeenthedominant paradigm in cropprotectionsinceit wasestablished
in the 1960s with a backgroundof industrializedNorth Americanagriculture,althoughit hasbeen
diversifiedin the processof its promotionto multiform socioeconomic circumstances.Worldwide
popularityof IPM hasbeenattainedbecauseit is consideredideal for both reducing environmental
risk andmaximizingfarmer’s profit. Nevertheless,thedelayin IPM implementationhaslong been
the sourceof dispute. The original concept of IPM, often referredto as strategic IPM, is to aim
at maintainingthe pestpopulationbelow an acceptablelevel basedupon thoroughand extensive
understanding of agro-ecosystems.To this end,systemsapproach hasbeenconsideredfundamental.
In practice,however, themostwidely recommendedandemployedIPM technology hasbeento limit
pesticideapplicationonly whenthe pestpopulationdensityreachesa certainlevel. For this tactic
IPM, thedeterminationof economicinjury level andcorresponding actionthreshold,combinedwith
monitoringof pestoccurrence, playsa key role. I discussedthe reasonwhy neitherform of IPM
is difficult for Asian farmerswith a small-sizefarm to adoptundereconomicglobalization. On
thesebasesI alsoproposedwhatI consider essentialfor appropriateIPM technology developmentin
monsoon Asia.

Phytoparasitica30:2,2002 217


