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4. 浸透殺虫剤の施用法 に関す る基礎的研究 (ⅠⅠ) 土壌処FJiによる各抑F:1透殺虫剤の水稲におけ

る浸透および移行について.石怨文雄+,荒藤哲夫 (名古屋大学凸学部qJ山学救出)45.ll.2.受理

Vamidothion,Dimethoate,Disulfoton,Thiornetonおよび Mecarbam の水mにわける浸透移

行性を 32p-班誠化合物を用いて検討した.すなわち,上記薬剤の乳#･J'和郎紋を水稲の移WlLT:土地

表面に施用し,薬剤の浸透移行およびそれにともなう殺虫力を調べた.

その結果.Disulfotonは施用田後に水和の地下部に薬包が多く.地下部への兆刑出道が早く,ま

た I)imethoateは 地上部および地下部の英丑はほぼ同じであり,机物体内の泣述および移行が極め

て容易であると推窮きれる.

これに対して Vamidothionの投透移行性はゆるやかであり.Thiometonおよび Mecarbam の

それは弱い.同じ施用法で行なった ヒメトビウンカに対すろ殺虫試験による死出串の糊加は地上部

の茶毘の増加とほほ一致した.

実験終了時(施用後6日日)に糾 ､てVamidothion

は少なかった.

Introduction

sinceSchraderandKtikenthalfirstfoundthe

systemicactionoforganophosphorusinsecticides

in1935,manyexperimentshavebeenmadeon

absorption,translocationandmetabolisminplants

withvariousapplicationmethods.Atpresent,
systemicinsecticidesoccupyaveryimportant

positioninpestcontrolforagriculturalcrops.

ItwasprovedbyDavid(1952),8日yatomi and

Saito(1967)7)andHarris(1967)6)thatinsecticidal

effectoftheappliedchemicalswereinfluenced
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とMecarbamは土地吸新物が多くI)imethoate

bythetypeofsoil.Further,Chingetat.(1961),2)

Bennett(1949)1)andWeddingetot.(1952)18)and

Teitz(1954)18)studied absorption,translocation

andpersistenceoftheseveralinsecticidesre･

spectivelyoneachcrops.Theyreportedthatthe

absorptionsiteincropvariesaccordingtothe

applicationmethodsofchemicals.

Thisreportisconcernedwiththeabsorption

andtransl∝ationofthefollowlngfiveS空p-labelled

systemicorganophosphorusinsecticidesin rice

plants: Vamidothion,Dimethoate,Disulfoton,

ThiometonandMecarbam.

MeterialSandmethods

Testfnsecticl'des:Sulfurpowder,methanoland
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ammoniawereaddedto22.4mCi/gofS空p-dimethyl

phosphite,whichwaspurchasedfrom Sumitomo

AtomicEnergyIndustries,andthemixturewas

stirred to make ammonium saltof32p-0,0-

dimethylthiophosphate･VAdditionofequlmOlar

5-chloro3lthia2-N-methylvaleramideinaceton

tothereactionmixturegaveS空p-Vamidothion,13)

0,0-dimethylS-[21(1-methylcarbamoylethylthio)

ethyl⊃phosphorotbiolate･

57mCi/gofpotassiumsaltof82p-dimethyldithio･

phosphatewasdissolvedin acetonandadded

equlmOlarN-methyl1-chloroacetoamideoreth･

ylmercaptoethylchloridetogive82p-Dimethoate'
0,0-dimethylS-(N-methylcarbamoylmethyl)

phosphorodithioateand32p-Thiometon,0,0-dime.

thylS-E(2-ethylthio)ethyljphosphorodithioate･

54.5mCi/g ofpotassium saltofS2p-diethyl

dithiophosphatewasdissolvedinacetonandadded

equlmOlarethylmercaptoethylchlorideorchloro･

acetylN-methyluretan togive82p-Disulfoton,
0,0-diethylS-(2-ethylmercapto)ethylphospho-

rodithioateanda2p-Mecarbam,0,0-diethylS-

(N-ethoxycarbonyl-N-methylcarbamoylmethyl)

phosphorodithioate.

Eachcompoundwasdissolvedinchloroform,

andwashedsufficientlywithwaterandconcen･

tratedtodryness.Purityofeachcompoundwas

determinedbymeansofdistributionofradio･

activityinsilicagelthin･layerchromatography

andcolorimetricdeterminationwithpalladium

chloride.Someofthecompoundswerepurified

furtherwiththin･1ayerchromatograpby.

Eachcompoundwasaddedtoaceton:benzene:

Newcoa1863(manufacturedbyJapanEmulsifier

co.,Ltd.)at:30:30:30W/W andmadelO%

emulsifiableconcentration.

TcsりLant:Twohundredgramofair-driedpaddy

fieldsoilwhichwaspassedthroughasieveof

5mm wereputinaglasspetridishof18cm in

diameterandaddedwaterofprescribedquantity

toit･Fifteenstands(3plantsperstand)ofrice

seedling(Aicbi･Asahi)atthreeleafstagewere

transplantedinglasspetridish.

､A♪Plicatton of radioactivecomL'oundstoyice

btants:Tenpercentemulsifiableconcentration

wasdilutedat0.05percentwithdistilledwater.

After2daysfromtransplantingofthericeplants,
thedilutedsolutionofeachcompoundwasdropped
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ontothesurfaceofsoilasevenlyaspossiblewith

apipetteattherateof20mJ(as･activeingredient,
1mg/petridish=3.6kg/10aresinterm of5%

granule).Theplantswerenotdirectlycontami･

matedwiththesolution.Duringtheexperiments,

thericeplantswerekeptinagrowthchamber

thatweresetwitha10-W fluororecentlampat

250-C,andsuppliedv(atertomaintainthewater

surfaceataconstantlevel.

Sampling:Atseveral timeintervalsafterthe

application,threestandsofthericeplantswere

sampled atrandam inordertoexaminethe

distributionofradioactivemetabolitesintherice

plant.Therootswerewashedsufficientlywith

a running waterto remove the unabsorbed

insecticides.Thetreatedriceplantsweredivided

intotheaerialand rootparts,and weighed

respectivelyafterremovingthemoisturewitha

filterpaper.

Aftermincingthem,thematerialsweregrinded

with2mJofdistilledwaterinaglasshomogenizer

andshakeditvigorouslywithsameamountsof

chloroform.Homogenatesoftheaerialandroot

partswerecentrifugedfor5minutesat2000r･p･m･

toseparatechloroform layerfromwaterlayer.

Ontheotherhand,alltreatedsoilswerecollected

from thepetridishrespectivelyat6daysafter

theapplicationandextractedthreetimeswith

80%acetoneinwater.Theextractswereconcen･

tratedwitharotaryevaporatorunderreduced

pressure,andthenpartitionedwithequalvolume

ofchloroform anddistilledwater.Chloroform,
waterextractsandsoil･absorbedsubstanceswere

separatedbytheabovedescribedoperation.Each

fractionwasconcentratedwitharotaryevaporator

underreducedpressureagain.

Radioassay:Totalamountsofchloroformextracts

(undecomposedproduct),waterextracts(decom･

posed product)and precipitates wereputin

samplingdishesforradioassayrespectively,and

poured2%KOIi-alcoholsolutionintothem.And

then,eachfractionwasdriedunderaninfrared

lamp.Theprecipitateswereincineratedinan

electriCfurnaceat500oC.Theradioactivitiesof

eachfractionweremeasuredbytheAlokagas･

flowcounter.

BioassayforbyownzILanthob♪ey:Riceplantswhich

weretreatednon･labelledcompoundsinthesame
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methodsasthelabelledoÅeswererehovedat

6,24,48,72.96,120and 144hoursafterthe

application.Twoplantsofthetreatedriceplants

weretransferredintoatransparentcylinderof

35mm indiameterand20cm inhel'ghtmadeby

polyethylenefilm,andthenfixedwithsponge.

Tenfemalesofadultsmallerbrownplanthopper

(Detbhacodcsstn'ateLtaFallen).whichwerereared

forsuccessivegenerationsonriceplantsinour

laboratory,werereleasedintothecylinder.The

cylinderswerekeptinagrowthcllamberat25oC.
Thenumberoffalleninsectswascountedafter

24and48hours,andthecorrectedpercentage

wascaluculatedbytheAbbot'scorrectionmethod.

Theinsecticidaltestswerereplicatedthreetimes.

Re8ult8

Inordertostudyabsorptionandtranslocation

ofsystemicphosphorusinsecticidesinriceplants,
S空p-labelledcompoundswereappliedontosoil

surface.Aftertheapplication,thericeplantswere

sampledatseveralintervalsfortheradioassay.

Thedecrementofradioactivitywascorrected

andtheamountofradioactivematerialsinthe

aerialandrootpartsofriceplantwascalculated

interm ofinitialcompounds.Theamountsof

theradioactivematerialsinthericeplantsbetween

chloroform and waterextractsareshown in

Tables1and2.

Asregardstothepenetrationofthecompounds

into therootofriceplants,the amountsof

chloroform extractablemetabolitesofDisulfoton,

Vamidothion,ThiometonandMecarbamattained

maximumwithinonly6hoursaftertheapplication,

anddidnotincreaseafterwards.Onthecontrary,
chloroformextractablemetabolitesofDimethoate

increased gradually with the lapseoftime.

Dimethoatewasprovedtohaveanatureofthe

strongestpenetrationamongthetestcompounds.

Vamidothion showed rapid increase in the

acumulated amountofchloroform extractable

metabolitesintheaerialpartsofriceplantsfrom

48hoursaftertheapplication.Theradioactive

metabolitespartitionedinaqueousphasewere

increasedwiththelapseoftime,andthelarge

amountsofitsmetaboliteswerefoundinalltest

compoundsat48hoursaftertheapplication.

Table3Showstheconcentrationofchloroform

partitionedmetabolitesinthericeplantsatcertain

timeintervalsaftertheapplication,andthedata

Table1. Theamountsofradioactivematerialsfoundintherootpartsofthreericeplants

(1stand)aftertheapplicationofS空p-labelledinsecticides.

Testcompounds I Fraction
Time afterapplication

6hrs. 1 24hrs. 1 48hrs. 172 hrs.

Vamidotbion

chloroform extracts

waterextracts

unextractable

Dimethoate

chloroform extracts

waterextracts

unextractable

Disulfoton

chloroform extracts

waterextracts

unextractable

Thiometon

chloroform extracts

waterextracts

unextractable

Mecarbam

chloroform extracts

waterextracts

unextractable

● Undetectablebythegas･flowcounter.
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Table2. Theamountsofradioactivematerialsfoundintheaerialpartsofthreerice
plants(1stand)afterapplicationofS空p-labelledinsecticides.

Testcompounds I Fraction
Timeafterapplication

6hrs.124hrs.1 48hrs.1 72hrs.

Vamidothion

chloroform extracts

waterextracts

unextractable

Dimetboate

chloroform extracts

waterextracts

unextractable

Disulfoton

chloroform extracts

waterextracts

unextractable

Thiometon

chloroform extracts

waterextracts

unextractable

Mecarbam

chloroform extracts

waterextracts

unextractabュe

★ Undetectablebythegas･flowcounter.

Table3. Theconcentrationofchloroform partitionedmetabolitesinriceplantsafter
applicationofa2p-labelledinsecticides.

Testcompounds I Partofextraction
Timeafterapplication

6hrs. 1 24hrs. 1 48brs. 1 72hrs.

Dataexpressedasinitialcompoundsperfreshplanttissue.

wereexpressedasinitialcompoundsperfresh

planttissues.Dimethoateexhibitedthehighest

concentration in both parts,and followed by

Disulfoton.Concentrationofchloroform parti･

tionedmetabolitesintheaerialpartstendedto

bethehighestat48hoursaftertheapplication

andgraduallyloweredafterwards.Concentration

20

ofitsmetabolitesintherootpartsloweredwiththe

lapseoftimeaftertheapplicationofDisulfoton,
Vamidothion,ThiometonandMecarbam except

Dimethoate.

Residualamountsoftheinsecticidesandtheir

metabolitesinsoilat6daysaftertheapplication

areIdescribedinTable4.Theresidualamounts
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Table4. Theamountsofradioactivematerialsfoundintreatedsoils(200g.)at6days
afterapplication.

Testcompounds IChloroform extracts I Waterextracts
Soil･absorbed
substance

Table5. InsecticidaltestsofsystemicorganopbosphorusinsecticidestotileSmallerbrown

planthopper(Del♪hacodessLyiatellaF.)fedonriceplantstreatedwith the
insecticides.

ofchloroformpartitionedmetabolitesofDisulfoton followedbyMecarbam.

andDimethoatewereverylarge,andfollowed Adultsofthesmauerbrownplanthopperwere

byThiometon,Mecarbam andVamidotbion in fedontllericeplanttreatedwithnon･labelled

decreaslngOrder.Onthecontrary,soil-absorbed sameinsecticides.Table5Showsthepercentage

substancesofVamidotbionwasthelargest,and offalleninsectsat24and48hoursaftertlle
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application.ThericeplantstreatedDimethoate

exhibitedthebestinsecticidaleffect,andfollowed

VamidothionandDisulfoton.However,Thiometon

andMecarbam hadalmostnoinsecticidaleffect

forthesmallerbrownplanthopper.

DiSCu舶ion

lthasbeensaidthatalloutersurfaceofplant

bodycan absorb variouskindsofcompounds

undercertainconditions.Therefore,asfortile

penetrationofsystemicinsecticidesintotheplant

body,it should be taken into consideration

whether thesurface oftheplant body has

adaptabilityforabsorptionofthecompounds･

Itisconsideredthatinsecticidespenetrateplant

bodyfrom therootsystemviathesamerouteas

waterororganicmaterials.

Whentheinsecticidesareappliedonwater

surfaceofapaddyfield,theinsecticidesarenot

onlyabsorbedviarootsbutalsomovesupward

alongsurfaceandintersticesofstemorleafslleath

bycapillarity,andarrivesinthestem orleaves

undersuchaspecialenvironmentofflooding

(Isiiand Hirano,6) 1962,Tomizawa,m l963)･

Therefore,thesystemicinsecticidesshouldbe

contacteddirectlywiththeplantbodyinorder

toexpectthehighesteffectfornoxiousinsects･

Metcalf(1956)Vreportedthatoneofthefactors

tocontrolthepenetrationofchemicalsintothe

planttissuewasitswater･Solubility,andthatany

chemicalshouldhavethesolubilityenoughfor

enablingittomovefreelylnplanttissues･It

wasreportedalsobyMetcalfeiall(1957),10)David

(1952)3)andRidgwayetal･14)(1956)thattransl

locationofchemicalsintoleavesandstemdepend

upontheliposolubilityandthatsubstancehaving

water･solubilityreadilypenetratetheplanttissue

viatheroot.

water･solubility ofthecompoundsused for

thisexperimentisasfollows:Vamidothion20g,

Disulfoton2.5mg,Dimethoate250mgperlOOmJ

ofwaterrespectively･Thiometonispractically

insolubleandMecarbam isveryslightlysoluble

inwater.Thus,itispresumedthatVamidothion

havingthehighestwater･solubilityamongtest

compoundsisgreatlyabsorbedandtranslocated

vJ'arootsystemlbasedonthereportsbyMetcalf

eLat.10)andDavid.3)

22

Asseen･in Tables1and 2,however,the

penetrationandtranslocationofVamidotbionis

ratherslowerascomparedwithDimetboateand

Disulfoton.

AccordingtotheobservationofMiyata(1965)ll)

onthepenetration ofvariouskindsoforgano･

phosphorusinsecticidesinto theplanttissue.

whentheinsecticideswereappliedomriceplants

withtherootdippingmethod,Someinsecticides

penetratedonlyalittleintotheplanttissuein

spiteofitshighwater･Solubility,andstabilityof

chemicalsand penetration mechanism greatly

influencedonthepenetrationofthechemicals

intotheplanttissuebesidesthewater･Solubility.

Ontheotherhand,Disulfotonpenetratedand

translocatedreadilyintotheplanttissuealtl10ugh

itwasalittlesolubleinwater.Asevidenced

from theaboveresult,thetranslocatingrateof

thechemicalscouldnotbejudgedfrom onlyits

water･Solubility.

Theamount of radioactive metabolites in

Dimethoatewasthelargestattheaerialandroot

partsofriceplants,andtheamountgradually

increased with thelapseoftime after the

application.From theresult,itispresumedthat

Dimethoateisafast･actingInsecticideowingto

readilypenetrationandtranslocationintheplant

tissues.However,itissuggestedthatDimethoate

causesreadilyphytotoxicitytosomeplantssince

itpenetratesandtranslocatesveryrapidlyinthe

planttissue.

SatoandMiyamoto(1967)10)reportedthefollow･

ingresultsofthefateofDimethoateinsoil:

Dimetboatetranslocatesinplanttissuewithsoil

moisture,butthetransl∝atingrateofDimethoate

israthersmallinthecaseofimmovabilityof

waterevenwhenthesoilcontainssufficientwater.

AfterwardsDimetboateisaccumulatedwithout

being decomposed and so Dimethoatecaused

phytotoxicity.

Tornizawa(1963)17)reportedthatdimethylS-

isopropyト2-sulfinylpbosphorothiolateisabsorbed

vialeafsheathandtranslocateintoleafblade,

butitalsomovestorootinafairlyamount,when

appliedonwatersurfaceofpotinwhichrice

planthadbeentransplanted.Ingeneral,organo.

phosphorusinsecticidesappitedinpaddyfield

almostremainonthesoilsurfacewithoutdiffusing
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intothelowerlayerofsoil:

Inthisexperiment,undertheconditionthat

water was excessively saturated,radioactive

metabolitesofDimethoatemovedtotheaerial

partsof rice plant very rapidly.and were

accumulatedintheleafsheathandleafb一adein

alargeamount.From theseresult.itseems

probablethatDimethoatewasnotonlyabsorbed

throughrootsbutalsopenetratedthroughleaf

sheathandtranslocatedintheplanttissues.

A large amountofchloroform partitioned

metabolitesofDimetboatewasdetectedinthe

aerialandrootpartsascomparedwithothertest

compounds. Therefore,it is presumed that

Dimethoatewasdecomposedintheplanttissue.

1Iowever,MorikawaandSaito(1966)12)andSato

andMiyamoto(1967)15)reported,asaresultof

studyonmetabolism ofDimethoate,thatthe

compoundcannotbereadilydecomposedinthe

leavesofriceplantandsoil.

TheamountofradioactivematerialsofDisu1-

foton,Vamidothion,ThiometonandMecarbam

intherootpartstendedtobekeptalmostconstant

orslightlylowerwiththelapseoftimeafterthe

application.Fromtl10Seresults,itseemsprobable

thattherootabsorbfurtherthechemicalsto

supplement the decreased amount after the

movementofchemicalsintotheaerialparts,since

amountofthechemicalsuptakenfrom rootis

almostinvariable.

Accordingtotheinvestigationofresidueinsoil

at6daysaftertheapplication,chloroform and

waterpartitionedmetabolitesofDimethoateand

Disulfotonstillremainedinsoilinalargeamount.

On the contrary,theamountofchloroform

partitionedmetabolitesinVamidothionwassmall

buttheamountofsoil･absorbedsubstancewas

large.

Get2linetal.(1970)l)reportedPhorateapplied

insoilshowedgoodpersistence,andthatsulfoxide

andsulfoneofPhoratewerestronglyabsorbed

bysoilcomponents.Dimethoatehavingnatures

ofgoodpenetrationandtranslocationwasbest

intheinsecticidaleffectagainstthesmallerbrown

plantI10pperanditwasfollowedbyVamidothion

andDisulfoton.ThiometonandMecarbamproved

tobepooreffect.Thisisconsideredtobedue

totheinsecticidaleffectitselfofeachcompound

againstthesmallerbrownplanthoppernottobe

duetotheaccumulatedamountofeachchemicals

attheaerialpartsofthericeplants.h general,
theinsecticidehavingnaturesofstrongpenetration

andtranslocationhasalsothehighestinsecticidal

potency.Insecticidalefficacyofthectlemicals

wasinaccordwiththeresidualamountoftlle

chemicalsintlleaerialpartsoftheplant.

･Summary

Theabsorptionandtranslocationoffivesystemic

insecticides,Vamidothion,Disulfoton,Dimethoate,

ThiometonandMecarbam inriceplantswere

quantitativelyandqualitativelystudiedbyusing

82P-labelled insecticides. Rice seedlings were

culturedinthepaddyfieldsoilcontainedinthe

glasspetridish,andthelabelledinsecticideswere

appliedontothesoilsurface.

ResultsoftheexperimentsshowedthatDisul･

fotonwasabsorbedrapidlybytherootsofthe

riceseedling,andlargeamountsofDimethoate

wasabsorbedbytheaerialpartsaswellasby

theroots.

Itwasassumedthatabsorptionandtranslocation

ofDimethoatein riceplantswereextremely

easy.WhiletranslocationofVamidothionwhich

hasanatureofhighwater･solubilitywasfound

tobeslow.

Thetranslocationofthechemicalstotheaerial

partswereass∝iatedwiththeinsecticidaleffects

tothebrown planthopperwhich attacksrice

plants.
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5. スジマダラメイガに対す る性 フェロモン類縁化合物の活性について★ 高橋正三 北村

火彬,桑原探正 (茄都大学 凸学瓢 投薬研究施設)46･1･20･受理

スジマダラメイガの蛾は性フェロモン郊緑化合物に対して, フェロモンの場合とは比較にならな

いほどの市娘庇ではあるが フェロモンに対すろ反応と同様の挙動を示す. それらの化合物の中では

柑 こ,cts-7-tridecen-110lacetateとcisl9-tetradecen-1-01acetateに対する反応が銃著であった.

既 に鞭岱 した ように,スジマ グラメイガ (the

almondmoth,Cadl･acauEetLaWalker)の性誘引物

質は cis-9,Lransl12-tetradecadien-1-01acetateで

あることが明らかとなった1).

今【乱 われわれは性フェロモン輝線化合物である高

級不飽和アルコールおよびェポキシアルコールの酢髄

エステル36超を用いて生物検定を行ない,それぞれの

フェロモン活性を調べ,あわせて化学構造と活性との

関係を解明することを目的として以下の実験を行なっ

た.

実験材料および方法

供試化合物 :検定に供した不飽和アルコールおよび

ェポキシアルコールの酢酸エステルは当研究室で合成

されたもの,および M.Jacobson博士 くU･S･D･A･)

より捉供されたもの (袈1において化合物の肩に*印

をつけた)を用いた.

生物検定 :1)第一次検定 :供筑化合物が多く,フ

+本研兜の一部は文部省科学研究資によった.
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ェロモン活性の低い化合物も含まれているため節一次

校定として,Butenandtらの方法に準じて定性的なLLi

物検定を以下のように行なった2). 羽化後3日日のス

ジマグラメイガ末交尾堆10-25匹を腰高シャーレ (山
径 11cm,高さ7cm)に入れ室温 280土loC条件下で

検定を行なった.供試化合物 を細いガラス榊 こつけ

(約300-500FLg)ふたにあいた穴からシャーレの小に

挿入した.15-30秒以内に超を特徴的に拡動させて動

きまわる反応を示す虫数を数えた.

2) 第二次検定 :節一次検定で活性を示した化合物

について,以前報告したフェロモン検定法EPiillを班用し

て一定血 (100pgあるいは 10iLg)の化合物に対すろ

雄の "percentresponse"を求めたS).

実験結果および考察

髭1に示す36種の化合物を第一次検定にIJtした.〟

ラス棒の先に付着した 300-500pgの試料に対してス

ジマダラメイガ雄が反応した化合物には○印をつけ

た.それぞれについて活性の強度を表2に示した.分


