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Larvae of the Diam ndhack Moth 

(Lepidopt ra: PluLe liidat» 
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Ul'P rlmt'n l of ~ ntlJrnolo~~, ~ ..hu'nRI I ·hlllJll It Ill~ L 1lI"'r 11 . 

T IdIUI1~,'l h..w -tIKI Rf'Pllbh. .1 Chill 


J En,n r'nlullInl '7:- ~,1-"l.1h I, , 

n....T R S\ lI..r', l' IIf ','wr;!.1 JlH"lhrnul In lll.t!. 'll ·ptll.\!' F"o' <illd n'~l~I.lr11 H( 
Plutl'lIn :CIllo /('I/o \I~) Illnu' 1.\ "'~"Ta l mhlbit,.t, or ,11:'1".,,1\ lug ,',",nu" .tI,.1 "'''''1',,111111 
r 'pClrh'd tl> ;tlTed tl .. In ,.:[ 11l"! \t" "" tlt·ter'111I'I,{1. Onh perlllt'Ihnll "" n..r~u<.J t'Ol ., 
"~nlh od ob, II)WoI, In lh resi lanl fie 11.1111 \1) tit.. " In <'>I' Illhibllnr, Inph"n~ I pho, " 

pJI t . ,tn,I ..'i, 'i-tnbUl) I rh",phl.wtrithwah· Plpt'TllIl' I hU11I "I.. pt" .I mi ''':><IIn.l1 ",il1....... 
InhlilitUl' ' ... n"'gl;",,,1 til / ... 11 p,r...IIJrntJ<, .11\h•• ,1(11 to dill ,,.nl dt'1!r.....'. II I 1"'lh 1"; al,,1 HI 
lTllin "rt'ltt'alln..nl "r IIIl' BC -.11',," \ It\' pi, inn",l,,-d till" "fT." 1i"'lIt , "I I. 0\ "Io·r.,It· I" 
IS·fold. de/tumrlllfln J3-fvld. flNmdh rln b·lold, .Jncl qp,'rnlt'Lilrlll 1·t"l.1 LJII\.. IIIH [",. 
muiali!)11 01 ph, BUI..i Itl", \~h 'J! l1luf'd ..nd .lvplicJ srmulton ,"\I\ \\lIh thc p\T(othrnirl. 
at ".",,'nl( T .• ho\. C ho\\(d )lJl'r):j,u .1I·!iUII A",'lnj! 1111" lour p.'etl""ld,. ' ...."·d. 1..11 
\' Irmtf' \\1 mml ,lr •• 111'.111, '} lwrgut'<ll,~ Iht.I\'idr \ 1.1 I " ,;'1 rati" 1m H,II;, iel .. :lnd 
I'yrt'llll'Jld "<.'1'nI'.J c>ptlflwi Iv, th(: ,'(u,tml II[ r t, tant /' 1;'IIfJ.~ldIlJ Tb.. fl·'l"'m..... of Ih. 
13(, r III In d II.J.mcth,IO and IcO\'akr.lt. \\.I~ " fT. trel .m \\ Illil 1.>\ tl, .. prrlrt' Inll'nl "I 
1. I-lil-( t-chlvroph, rn'1 I t' l lwllol. T'1II"1I,, th.· iblt ~O'U<'<I"t:II\ "lldtgl'-.~ II' .lpplic.ltll'Jll< 
of "I1r-rgiM, \l.Jch a' ll", "pp",.uat.l't' unci 11l1"OSl £ic3t101l of :'t'rt .lln I ."~I"",·I· III" hllnl~m .. 
anJ Ot'\:u nn lIIumn.,.I>, MI' dtq~l S(,. I 

1. f fl(,l i'P.i lhal Hlll'rll'rt' "ith Jl'In lhl:allUll ()f Ill' 

,It. •. art' nf pradil:uJ import,llll<' III ..{!til'\ ill!? 
rt dbcJeul conlrol "I ills('(' t~ lIlel!'" iu,i! Llw 
Inun OJ ill li~ it> of all III t' II1Ith-, alld rt',tflr ­

in~ lh cll\ iI, of .lll IW ti, kl~ all:otn~t re~1 tan t 
uf III 'd5 I I kalf I fi7/ H''('C'llllv, I IIl' \IJ(, ­

dt-H·lllpm 1"11 I III 11 , ·\\ l:tnL-tnh rnNlllll;,t!.trI, 
, [! . rOJwl nlltmldl (pIli. DO of tht-- nlO I Im­

It ut l'rltnlllt'l"(.'ialiLt'ti nlt'th) It'rwdin ) pltt'n I 
I L" I ) l·uharKi.·U I he pro~p.... t~ (.f ~r..atl\ 

l p;lJ ../lng Ih ' U'>\.·) "I nltlll:> 11I~'l'II~'ldt'~, t'.pt"'lal l ~ 
Ibmluo ltmll'.lrbanwl· , f'lr it~ri<'lIlLurJI ill'l d 

n 	 I 
\ ~ d<,lt'rtulflet! Ih~ ) nrrgi III 01 "flmt' p\ fI' 

I. "Ids in hoth SU, ct'ptlble and re lstant dmmollCl 
m h, /'/11/1.'/1(1 xylmtdll1 (1, l hI .\1'1 ,-rul ~'om · 

I I.n()\\ II a. Inhlhltnr' Ilr df'ln\if trt~ l'n/\,llIt"", 

nd 	 11l~ oj til, t'arbinol dnalo)!;IW' 11 Dl) I r .. purl­
1; ' IIILkl (if)7 .111, OI'l.I 111' lIf'ryt~ ..11I 1 'it't·l~ 

p. 	 I' a.lId p"'.iIJk eon;t'qllcncc; of l.if~<:-~\.·:lh· 
p!i, 111m "I lII'r).lI'l III I'" t e!llltrni i1ft' div 

:\-1 It:r i I and !\-1 ..th d 

Tt'dlllje-al gldtlt' ph (HW:) 1Fond lud ' i rwr~ 
C tlrp J allu Butut.'ltle '> H V 1 ' _J lF (1 i rn .. ld Amc.:T­

kall Curp 1 \\t'rt' lI'l'U a. ntICr<) <JIIIIII .".tid c ii' 
loi Litof' Th.. 1'..,h'I" illilib ilnrs \,~., tr ibllt\ I 
phosphorolrit lr J<l(lII' (TBPT \ 70311: If,,'h nic:tI 
~at..lc) ilnd tripht'llyl plul ph;.!" TP,'1 lallalvla'al 
gmdl') "(Oft: man lila c- III red bl (:henlagro (:.. ,mel 
E It'rck Tf" pt'dht'h I I-di-i-tdtlnrnrhpn\ I) 
plh&nol d)~H. , I 2, !!'climeal ~rad.'l \\ a~ mallll ­

fadllfcJ bl' Sh"f\\ 11I-\\'lll"llm <. orpllratlflll 

Fill' lilt.. c,'~riITI"1I1 ill'!' !. 111)1, Bulaellj". (,(lilt 

mercia! p~ rt·t!lwid formlllull('Il. \\l'rt' u'ot.'(1 rht>c.' 
"'eCL' ICII \ .I1t'Talt' :W~ E( I "IlIlII.lwlHl ,J.·lt..nwlh­
fin 210)<;, D, d~llu~~' l l dOl!) ~ ~ perrtlt'thrHl "" El 
(ds tram. ·10:60, ,0,,,, ( tWllll 'ill Jlld IWtrllt'lh­
r ill ){)''; F'C I (I,~ 111111' lU I)) ! "III·" Clll'IIlILd I 

r'JI till' othe l o"'p<'nlTlt'llb 9,) !..,hnu-al I:(r,I(\,· 
f('lI\'al"ral(' t"illmilllltlll l ,,1111 !-/;'i" II (,hllil'al grad,· 
npc·nrwlhrill tn, Iran.' ,:ill ')(1 11<'1 . \\t'r(' USI'rt 

lJ"kat! of 1111' rOlllnlc rC'i,d fonT)lIlalrr II' 
r"lIrl h in,l,tr' Wt'TP pr'l\ f'(i b\ J ",harld,ln 

spray lin w ith lI('('lone ~llllllOn. rtf t.", i'N'dkitlt~ 
mort !ill \\ a r"l'mJ.,II:! I It I.ltllo Tltirl \' ItI JO 
lar""e II ert' (rt'a l, '" lor e,ll'il ,'\Ow.:t'lIlculInfl · 1\\ () 
n pllt°ule \ I'll ,h'IIl' A! 1.'.\ I r'llIr c.llIl 'nlrati, 11 

ami a "'llr,,1 ,,,'fr' include.' 111 ,~31 h 1I1oa~sa\, (' ' ­
('('p! \\ two j)\H \ t I,' , ... 1 In I)w 1.llll'r t' pt'ri ­
ntt'nt ,itTt'I' IIr illl.r ('I.J ""Hlr'lti,,"~ "pn' 1~·tI 
'1'lIIpt'I.lllIrc· r.I!I~t'd h~tw"'f'n 2;; .Jnd 2. 0(, 

Ihrnu!; lulill Iht' \Illfh . lima a' ~ II h'l~ ' r!"IIIt , \ ,.rp 
" be <'(J!llpan,<1 dlTt'l t h \I I'ft ,arrtl {! llut ~lln ll l­
lUIII'flU$h tll rnil1llfll7\ lil.· uallJr"lIcc' ../ \art~ILI,' 
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Jotn \1 tllho,\O\1I1 F"III\1()""I) 

10· rill al L ,wus nulnJ (Tabl.. I). Permeturin 

F'S III 
d,

T.eatint'J'll tlR"I (.so 1 \'~~' H) 1.1-'jO) (Ilfj , 1.1 i
'>I0p" .f: ,\1,,1''' ~C 

1111( ' ,,01 "'II 011 

....'-·w.... lt':r..llt 'r 
~I,,,,,, I fi-l ,1191 120 245 I'll' '\'\'1 12M I 4 \ 1192 0 .10 2.0tr7 

, TIlI'T I 2!! (Oll'l- J ' l 1/)'1 _ o ,'}1 .179 (2)16-;01 Iii =- ():H 'I 107 

+ TI'I' () 1054 I ;2 ) 1:)1 . OliU 'j II{J (:l ~\I · .s IS ) ) 4~ 030 4.432 

Ddt 1II~lhnn 

\I".,~ 112.1 II 11'1-1) ' \(I 2.52 4 05-1 () 'It) 3H 1)1;:;1 I 1;1 o 21i 2 .174 

TllP'l II Ii I) II U.20; 1 I '7H .. 1I:iC1 t,\.-;- '"71 - 1 :'121 1,," .. II 2.~ HOI) 

Tt'r I! 12 ,0 (II CI2I\ 107 L 0 :).1 I ' ~n n ~i> - I 10 1 II . (l2~ h (>fti 


(\ 1)(.'folt'lhrm 

2 III ( 1.7\1 :U\I) I '; ;J: () 2~ (\1 ~-4J :3,1 ) :. 07 ~ n.~7 


I HIT !_I I I II 241 1 ~1I . Il~, UZ; lUll (1.'10 1 2'1 U . ..,., 111 

Tl'P :'! 50 \ 1 ';' 1 1 H~ I .: ;\Fj III~l 1121 (1117 112.~ 1 111 U/)j) 1>1 


" l~tll" II hI! Ill' 

I't·rmr"tln,. 

,00Iu,... .! II ( II;» :!.71 1 3U·1 ± Oij() 1IIJl IO 1" Ohll 2r () 3i 29\1 

TI\I'T 1 IH (2 1~'" 1m :1 7 1 [) li.i {) 24 to PI 032 I.Hh o Iii flj) 


n'l' _ 15 \I:H l'li) I II!! n"lO nll i llHi U2R ll>i o l.'i n~ 


'I \\ott If.:plu:al t' .. \llh 1U 10 It) lJ.n·:u f)il ·r rf'l'hf' ;Jt f* ,,-.·,-r u.~ j,.r .-,1( 1, I m lt'P1I1u&hlJII 

.. Ht"'-I lII t.UH'. , rat." L( ~ lit n<. , !t .. UI L,( <'!VJ uf L ra iu t or ['-o rft"\llondiflR, U ('Almrll l 
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1'9 ml 

F\fI:. I. Rl'I'ltton.hip tw' 1\ S)O<'lgl.m djlI... r~n .... 
produced b)· ph on Il'nv:l l",mll'. de-ll:lrnelhnll. cvpcr­
melhrill. ,HlU l)t·rtllelbrill ~I1U LC \ of lbt > pYT('lhrold~ 
lO both >u~('eptibJt· "or! TC'SIsLnnl lrll.im ~lf dwrnnlldlJa 'k 
moth. 

lernperal1lrl' Re lIils wprl' ('orrt'ch'tl b\ AI,bolt' 
formul (Abboll 192.5) and ~\lhjcct II) pmoit anal· 
ysis (Flnnt') 1971 1 

R· uhs 

)on fJ,rism produced h} lera.'i~· Inhibitor STBPT 
and TPP if! I"S sTrain \I a limiWtl. ~carh a ;Z·foltl 
incr e of lo I ily of I nvalt:rate and d~ltalllt'(h-

Tobie I . Y""'1("111 or r,,"vol"MsI ... d"lIamethrin, "YI' 
~lrnin o f dUlmondbnrk IIIfllll 

tbe unl)' compound s It 'rgi7t'd C'nll~i IPnlly hy t 
~ynt'rgisls ill til<' r sislaul f-\< ; train, a rf''>lilt sim 
to lhal reported bv LIlI ct .it (I H81) Thi.s 
have been nul" Ie, a mort-' rapid hycL-olyi of 
Uldhrin ....( mp, rt'd lo the ntltl'r a - I" , ano":}. 
non benn I ~II , r~ ( Ca~id.a and HUll! 19 '0) 

Pipewll) I hulmdt\c' tpu) was llJ1mGlakubl) 
ft'cliv(' i ll vJ1l'rglzing the 10:\lcll of all four p 
lhrOlds though lu varyin~ p:l.tcJ1b, ag<1inst 
s\l<,(:pptibll' FS lllld resislant B . ~lrajns of 
mondback moth (Tau1 . 2) A ~igllili alll linear 
1 tioa hip W:I.! t'. lal,\i;,hl'd bel'H'en the U ",' 
the [our p\ retbrnids and the synergism produ 
by pb agairul boll! F" and Be main (Fig 
WIll'1l pu was tlst':d , lltl' re i lant Be strain t 
OIled large additlOntll quanhti r pvrl'lhroich, 
pt'd,,11 fenvaleralf' In l 'onlT.tSt , til FS slnlin 
treated wit h ph tolerated lilt It" addition 
p rethr iill 

A further pcrimen t was performed to 
whether a 111"'''' tllnk-mh fomluJation of pb, 
tacicl wh n 1!Sed simullaneQlI~I~' willt, instead 
before, tht' lI1SectlclucS. would pf(lduce simi!. 

'nl"rgisliC' phpnmn<:lIu . 111 1Ill' F strain. Bula . 
mj~ed with pyrethroiJ al rutius of 11 5 : 1, 8 

to:l produced limited YII~'rghll1 (Fig. 2) Am 
tht' four p} rcthrnid le.tro udlamethrill was , 
s\ ncrgized more t itan the rest. 'or Ih· re i lJ 

Be ~traill ft"IlV It'ralt' to~i :il\ \~<h mnst dra~ti 
mc:rt'ol ,J bv Butae-ide .\t a -COIl{,pnl'ranOTl of -' 
Jt~ ' []ll, rl'nvall"rate killed only 3% of the r . is 
larva' Inelll'ion of Rlltac:idt· t ratios of 1:1 ' 
-:1 LUcre I'd mortality to 5.'3 and 87%, resp dil 
Iy At.l 1' 1 ratio, Bulucide in rf'ased the mnrtaln 
of resistant diamonclha('k mOlh treateu wllh 1, 
,IIg / ml fenvul rale from 2,'3 In 9 <;( Thl · dft'l' lll 

rmt'thrin. and ....nn...hrin b TOPT and 'f1'I' in I' - {UIIJ 
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fi 1131 2 ••11 

• t.l(t J pll . ..h whh au t .. 
lief.., 1. hfler\.-f.",:l. 

I .2. }'Twrg;,m "r { ..""uleTa I.- d .. ltam"thr;" l·)[)t'lm..ll,rill UIIJ pt'rnwLll1ill hI BlIlaC'id... 111 FS .lilt I nc 
1lI.uru of diamondback motb 

r uwt..ul1I:ll llill alia L~'peIUlcthri fl V.;b alsu eJ with D\1C. il potent DDT·deltycirochloJrillllt" 
In r< .J sl snificallliv hy mi:l.illg wi lh Butuddt: "I inhibitor. their rE'sponS<' to the pyrelhroiJ:. jp­
I I'lII (f'steel Tbi~ svn rJofism , however, was pelift·d tu t.:lta.n~c (FIg 3). TillS ehang{' wa~ \o('f\ 

mudl I, ~ prollounced for permclltnll . lim Ited f"r Ih~' FS stralll . HU\\t'VI;'T. It \"" " ..... flI 

"ht t1ll1monJl"tlck mol It lar\'ae weft' pretreat iu~ly "i j4rJ1fican I , III I<"TIlIS of LC.., diFff'rt'!lu' ill'-

Tahl" 2 . ~-yn"~"m of (("n\UIf'rD't.:~ d ... ltanu·lhrin. f""YP"'rmrlhrin. lind I~rm,.thrin b ph in t u..nd 84' .!Il.rtJ.j~ of 
d "tid .. "",,1. 

f', 	 lIt 

Th..tb:.iC"l'lf ill" LL.;.o I ;;,I·LI 	 SJ)
SI"I.· ~I" ~Ill. 	 ~Iup<' = ~~ ~K

II!1;,ml "'~ ml 	 mg alii 

F.'n\ 

.\~ fll 	 IIIH\\! ., 11(; :J 'J6 () I'> :I.j\) 21>1-1·\,) .92.1. II 211 
_I}, 05.'l1O II ...() r.'J >5 011 (\ II I~ () 2:! ,f) 15-01.11 J 10 , U22 'j 17 I; 1 

t~lrm 

II o2t> to 1!:Hl 11I1 2.21) U l~ 	 0"·1\ 0:11>- 1.1 t1.~) 1 HI - 026" . pl. 006,Q(J.\ (08) l~!; T () 16 02(1 L3 OO( .0.02 00".)(,) I 1- j (126 () H, 1~ i 

rnr11.rIIl1 
.III~· I 	I l llJ ~-;- I 1\11 .!'! l (\ I I H27 ,022....,-111 'lu7 "! 0:\, 

79'U55 I I 11 1 ')~~ _ U 3" 1135 I ~ 0111 ,(11177 1/ 1;3 :?2..! .!. 050 1117 2­r" 
r"'llIrtl.t1R 

2 ;.~ t 1/ 3\ Cj 'j ,04!-1 11M, .2.2"7' , ur 
1 :11 II l ~ ., '~'1 ... ' .... II 11 ,0 I);!," I) 11 1 I I . (140 ".:'>:! .. 

m wrv.o1(· p"" n'r.1kJtt' "torr lJl,I: .... f in... ,·..~t"h ('rHlif"ntrullllll 


U.•.n II( Urn., m·r~I.l.l.J lr("tJlIJlt..'1I1 LC"JO ,1.1 ~'U.l·C).!.l.l.l~ 


" rll I\rrt r itl - ) ( 41,f tim. lU··~i11v1 ltfl';IIIJINlt ' 1 ( "I '4;,\III'f~l ..rfllrr.• tlru~nr 


\'uL :I, nu 

'periment N'liS P rfOml d to I <l 

r " n \\ mnk-mLx Connulatlon pf ph. RII· 
l! n ",cd iLnullan 1. 1 with. in'tead "f 

thl' 1II ·l!Clties. \\ould produc imilar 
'If plwnClml"na III Iii· FS 'train, Bulacid 

",Ih prr titrate! 3t rulios "f 1·1. 51. 110 
I tJd limiled yn rg i~m (Fig, 2) Amone 

pI wthroids tested eltamethrin W' a 1111 

iJ:ed mOTe thUIi llie rest For the r~' i.!.l.lnl 
1m. ~i!m..J 'ralt lnxidty wa..~ tTle) I drastical l' 
J b\ But ("idt: ...\I a concentration of '1~ 
It'll ·ale·rat kiUt,d ooh 3% of tht' rei!.tant 
In lu~i(l\l of BUI:tCIJp' at ratios of 1:1 aM 

rt'llSt·d mortality to 53 and R7%. rcspccti\·t 
1 1 rallO, Butll ide l!I rea cd the mortalitv 

t"l1 dl mond ck m tit treatt"d with 1,000 
fE'll ;llcrtitC' rom 23 I 98'.'[ Thf' cf[t> ti\-r­

.. lid prnn'-Ihri" b TOPT and TPP In F ud 114 

- O~·().:l:» 
n2J-(I.•1Il\ 

SI 1)(: ~ Sl. 

() liZ I) ,III ·Z.Ub7 
171 U24 .1. 107 
1 ~b + 0'30 1 :~12 

I~ I 026 :.!17-1 
J S6 ::: 025 5.700 
J 4'1 U 24 0.61;7 

:lUi .!. 01).' l29 
I 1.<J -t 115" II:; 

n17 (125) .I II:!: Of;() 1 
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CIIIh._•.__ • ...,''''' 
hg. J. Elf I 01 prl."tn'.tl mrlll wllh IJ"I( "" Ih 

rt'jlOlI)r 10 (,,"vuiera lid tI..llllrn,·thrill In FS 1111 t lli ' 
nr,,11l "I dlllmuntlh..d tm'llt 

tWI'en lhc pwt'thr iu atom' and pvrdhroid ~ D~I( 
Ir ·.;Jlm 'nt • fur III rl...htanl Bl.~r'l1I1 

Dis.·m.;· n 

DrinJII')' (19771 propo ..ci \1, ing S\'n"rg;\l dlnN­
t"U Il~ : II l' limait' of mkr 1>\'111..1 tl.\icl'l!><.' 01('\" It \' 

in vi~ u ill 1"* ~ TllII~, 1111" rol "f rnie rn 11111,,1 
u:udallon in 1h.. o\'~rall ro;- I Ian. '" 10 p} r I hn.lIb 
III 11th inset'l Jx' l t' II ~. t· 'ih and "etlpr i1pprt­
dal d (Fig, 1 ) '(·\t!rthel ,Itw ~nf'rgiSll\ rail" 
15 still Ul.dul f t)( praclical purpo .~ Tabl!' 2. jo, 
(" "mpl-, ~ho... lliol pr lrt'.:Illlwfll of r .. ,i<t,1I11 >11(1 
mondba k mnth with ph /lHld In,'r" ,I" till' plip(" 

Ih"I1(>'-' uf fl'mult'call- h, I;') fold, dt,lt.lnwlhri" 
1:3 fold permt"l hnn (j-f~)ld and \ (l'rlIwtimll 
l-fl,lrI 

Thl! iJlJtimal rali( 01 IIIlxtIlU-' or BUI..1Lidt \\1111 
pnelitroicb (pr lht' I:oolrlll olf r i,tJl11 tll~nHmd " 
h,,('1;, mllth "Plw r '" bt, trom l'j to 5: 1 l "d"r 
gllm.. 'r 'ulIlllliu",•. a rauo uf :; 1 "I pi , pyrtlhlOi I 
\\a, ~lIg\.:l I ,d ttl b~· must dice' 1\' fcor tilt' ('(Hllml 
ul r I lant :"Inr do pOIJI\) ~II~ I <'/'lInOI/Jr\l1 
dl'll'mimt'ofll (S >.1 C . \1. t;hidiu. pt'f I1IlI com­
rnulu,·alh.It IJU\\P\ ('r \lijl:ltl 1'11\ 1 .tll~h it\ III 
" ~I(pldnl IIId tom .hl W.t oh" r t·d IIIIl'II ph " ,I. 

mixed wllh ,(Ull<' P' r"lllTnid,.Io ..1l a ralll' 'If 1 
, 0\111)1 \ 111<"1 ' I '-1) 

1 hough flO pI, tmbll' l'xllLanutinn c"m Ix> oif"1 
fur til "It. '"w,d l·ll'...·1 01 Dillin II «·tilr 
(ompolllld \Imilar 10 lito>(' ~u!!ttt'~1 t! til ;.fil'Cl 

IInkr "" " ,ill' IIf a<'liull Oil 111\('1' \ IWfn' \ UI' 

197 1wight b.. ()Il~hl In \ ner!!17" t h. Insedi\'l' 

,\ I L..1r~l'I It'wl 
Pnl~ nti"lh II) mlxhlk,IIII>II <If lilt' prot't" 

b'!JrpllOn, tihlriblltJon, blOtr;} Illtormatlon, 
t' l'rt-tiNI "f all 1I.*Lli<'ld .Hld 'I~ Inll 'wdiOI1 II 
the 'Ill- 1)[ .JClIllII In U1seCl, Ih... t permil\ a gr I 

(lIJMllil) uj llll' ..1 ' ri\<' C't.rupnulIIl ililn 3J'IJ. ut, 
qll~flll\' , ,I mllr.. dU.'i,·nl Jll d, UpOII 1111' lar 
)ilt' "fluid r' ull In appar!"n! t'nhal\~ "nll'1l1 of I. 
1('11 Y lIr s\lwrglslI1 HO\\l' \l'r, ~Ult olnt.! Juhn 
( 19721 1I<;c·d Ihl' tl'ml .. IIl ... SI~~ lII~rg~~11I • 1\. d"~'nl 
th . (:11 ham: 'lIlt'nt uf 1I1~-c lu: ida l actlOli r('suit, 
fr(llll .111 in('ff-illIt' flf in"'...·1 "ulh'''- p..nn,·..hill. 
Tht t 'nn 'olIcrgl In II<b hi 'n rt~'rv d gent' 
fllr Ih.. ilnprn "11..-1.1 (If I.. i"it. b" \ rll'rgut I 
ITIlerfen'~ wllh tllf> dt'toxlf\lng lI1t"tabuilsJli r 
i lIM'l l kit!. \ 1.1"' l ~ p,'\ ,If ('''111 "llIlh an- kill)" 

to !ltn I:' "nt;"rgi,ht' .ldlllll. 1IIe1lnJ(·tI{'dlll.llVpht'1I 
(')mIX) IJ Jlrl~ art' lhl' 11111 I IIl1l'orl,'1I1 "lie' ( II I 

H.liO) 
DDT-dl'll \ dru -h llJriIH1St' mi rr '''lmlil oxilL 

c I 'f(! , 0;1 gllllathion trnmfl'r.i~''S an' the 
J'o nit'S "Ih'n ellt'<! 1\ ifl\ul~t'< 1 ill II .. • I'll}, 1O,-..d 
llilholbm of 1II~·t.:l rl~i!.lanl to 1110111\ m~'c1i I 

iOppell<l<lrlh and \ dhng 11l7hi Ditlm Ie {If/I 
uA,I!,t'st~ t hat ~'r"'t'ning :lnd J vt'lnpmt'1i1 of .. 

('rt:isl~ ..duel, would I'fft'C lh "J., block f(' i ,t.u 
Ill' 'hafll'lll~ "IT" .Jmllllli, mdUl>lf) -- t'(£fllt~ tlllt. 
'\tth il1Sl,<,'licldt r.·~i~lam;t!' , IJu,,(>\cr , pb I ~ 
r<'111 1 ~ llw nnk ~ fll'lgl I 'H',ltlal)},· fc r ,lgri<:ultu 
115(' Toxlc()lngi('n ll} ac('C'p lllhk l's l .. riJ~1' (lJld 
tollhlunp lrunsft'ru.~e inhihilllr<. h.1 I' ~t'I to l~ dt 
\ t'Jilpt'd 

{ '4 ()f \\II('rgl~t~ 10 .'Opt- ..\Ilh .; n _ I. t lIIl' pr 
Irlll IS t'l.pt'C\c,(j I" ht' nmn- .... llsfudnr} wit 'Ct' 
t1rHninll.r11 m ....'hRni,"' t \i~I' I"T II ... It' i,I.lllce II 

number III ins -cl1l'Jd~ , uch a I' I(·ra..>e It) dl0l) 
fllr "rgal\(JJl~III'(Jhllnl' n·,i,lam't' III CI//OC JlI"11 

qlllllquC'Ja~ciatu,,~, (.L'Or)!IIIUU 1'1 al 1975, .\J~ 
;;11 IJ/ 'rslclll ('IlI:7.l'TI I 0.'\ (Ill, hir' .lIId \ ( ()CI 

191)_). dllt! f'pJWfl'trI:r rlnctlcr'p,'. l hit-!' (O(J 
l!J(i!J . Optimal ,'nergi..ts lIIa~ ,ar'\' \Ooitilihe in 
,[weit'" fllIIl Ih., ill,,~·tl('ltl('!> J.Hl and ( .. ,ielu 197 
C. han~ iLnd Jortlolll I ~J 31 

Itan)! .11111 JnedatJ I Ic~8:,) .1 b" rt·r.)r'~" 1)(.111 

conI ill \'1"" IlIhil1ltllin b\ carb.tT\ I and Plrimlpho 
m ... h~ 101 flI'fnl<'lfll in- hHlml\lil1\i I'nl\ rot'" in I 
lar "" uf pori lIa Ilwl!" \\ hl'aTlll (.u t'111UW, T\' 
\lurk ml'\~t"t~ lilt' pt,,,,,l.,lt' u." "f Int'llJl'\"'> or 
galloph(lsphOTll5 clr ('arhalllak lIl~l'dIC'IJC> \\ Itt 
~O)III" pyre'tl"."i.!, te, ••I,tu.ln /111m' tblll' ,\II ,uldil1', 
,'flell 

CUIliPOlllld, Ilwt 11",<1'1<" II t'rI"('1 "I I let' I....r 
II~ level rna} l.... or IXltclltla! I aluc ~ '\'IICr)!1 

RI'I'I'lIlh , dliordllli ·f"llil f"pnrt ...1 I,. IfilII, 

~~ IIt:rgLl,.(' p r{"lIl1rlid~ 1 ,plwJ h' lldfothRl ~p 
.'011.\11 1'1. PI llJ7$ll ",' I 'I n ~\II!~{"sl( j tn l" 
l"rJtt'I"ik ',nt'n!.I',! I" (,h"lll! "1ll1 Plapp (1!oJ 'J ;7. 'i , n 
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und, Ilia' prc.Juw II' ITt'\. t It th., I r~l·t 
m \ It" (II flOll'nlla] 1 ;1JU a~ \\ 11 'T);ClU 

};lurJilll..runn. r .portr J tu slroll I 
Ii<: [l , .. 111ft ,J, .•ppl ... d to IJL'lfnt},." 'p I1tl 
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