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Introduction 
Insects arc sensitive to chemical aspects of Illeir en vil'<llll)lCIlI. p~\ltil' lll. lrh 
with regard to host ami male I(\cat ion. Aphid s G ill selcl· t indi\·idlul or ;1 i'cll 

cio'rcly related host plant species fmlll a wide range or llonlHlst vq.:e la lillJ) ((1 5. 

71), This sclection rc li es UpOIl the dct c cti O ll or~cCtl lldary plalll C<l llljl(':l I1L i., as 
w-ell as primary mctabolitcs assoc iatcd \\' j,h the physilll'lgical cond iti oll u i llie 
host plant (82), Usc of long· r;lllgl' \ 'Olal i '" l'ilemieal Clic's ill "rI1ld 'I'I ,11l1 ,Ill " 
aphid ·.rphid intcrac tions lI'a, ro rill ~rl\· cOlbidereJ unl i~e ly (iX. IU:-: I , Ne \ er· 
thcless, rccent work rc\'ic\\ed hc:re d~ lI !pn ' lratc;.; that ll lLlClll1n I' !;J\S a 11I1'Ie 
cxtcnsive role in thc chemical ecnlog) 111' aphilh than pre\'iousl y thought, 

The slUdy of arh ill chellllcal ccol(l~y iIl VOl\ int! VOl31i IcsClllillChc·11 1i,·.tl s. 

parlicularly pheromoncs. has hel'l) grl:al h erth'lnl·l.'d hy Ihe dc\ c l ll(l ll ll' ll l 1, 1 

clectrophysiological rccorJi ll~' 1'( 11 11 ~I pi li d antclln.lt.' , u,ing lite eiccll ();!!I · 
tcnnograph (EAG) and si ngle ·cell rce,mlillg (SC R ) lllL'l lwd s. S( I~ d lrl'c' lI ~ 
coupled to high-resu lution capilLtI\ cnlulIll1 g'" chroI1lJ\()gr:lrh) ((J C-SC'I< ) 
proviJes a powerful toul for i(ll' Jtillg IhL' .!ct l \ <" Cllfllj10 llCllts ill hel l.l\ 11IId ih 

acti ve samples (1541. Allal~ '.is h\ Illher I1I1'hl) S<' II' III \e lec hn iques sl lc h ;l' 

( , 
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cnmhincd (;C 11 1:I~S Sl'e,'II" III \' II\ I( jC-1\1S) ,' II ,lhk s l ll llll 11'U II ,h 1<' I,,' Il k nl l 
ficd , S),I1II1"', i/ <1'<1 , <llId m<lde <\I'a ilahk I'm usc in lurll1 ,' 1 11"'1. I' Il ' I,1I ;\I HI 
e"I,ln!,-ical shld ic;" \ 1 ~ ,"i l. I"\lI" l' , ludic , ,'<III lil,'11 hl'lldll 11 ,1111 "'I,It I'lk,lk d 

hchavimal :1,,;tI' "1111,1 " 1 ill:: ;11 :11" III ,ll'tCnlUS ;I(,l1i(\s 12 ~ , 1,\' 1 
Si!,-nifi l' :1111 ;htl\; IIlC" S 11;1\ " b,," 11 111l1d,' in lIndCI'SI;lndill F II ,"' ;\ 1,l1 id <"1 1,'1\11\' ,11 

C"I,ln).!y Id;IIIIl ~' 1<' illt,' I;lcli"Il' II lilt Ill'll\'"I;ltik "'1l1i"c l1 "llI i, ,II , 1\ ,' , I ~, ' I 
Till'Sl' """11\tltul'« h :U\' in l'"I ,,'d 11I1'1""" "c, lan !=, llI ~ 11111 11 ti ll' de t,'c'lI<' 11 1'1 h, ,,t 
planl a"cq ,t,lhi ll ll \ I' l i" l (1 1 "' 111 11 1 ~' t" lktc'rill illlll !: al'pl" I' ll. lt" Ill''' "I \h,' 

[I 

" 1'111I'"~ llil' l1 \,1 tl1 ," 1'11 1" c' lll 
Aphid I'hcrnf5 l<"ll" II ,' rl' 1\' \l c, \\ ..'d III 11J7 7 11(1 :-:1. Si lk ,' tl1" 11. 11ll' ,t\l,1\ "t 

plll'l'lllllllIK'-lllcdiall'l1 <I).! ~ I\' ~ al l<' !I kl' ad vanc,'d Illtle- , alld 111" I,' \ h' \\ <1. 1<', 
ll11t Ikal wi th Ih" subi,'(t ' I" "' it'ic dh IlpII'," 'n, thnc h;I.' hn 'l l C"Il'I ,kl ,lh k 
prll~rc" ill UJhl~'T' i alldin~ tit,' 1l,lllIr,' alld I'l)ic "I ''' x 1,11 ..' r, ' "H ' II'" ,\ 1,111.1 ,lLl ml 
I'h,'rllllll

ll
lc'S " CI,' fully r,'\ 'Il,,,,'d III Iq:-:~ t lilli , ' " ;11 1;1 1'1 11'1 ' 111 1I 1t ll ,d lll ll\i\ 

l'Xl'lallatillll s , ' iIlh d,' \'clpp1ll " llh 1I!;ldl' sill ,'e tlll'1I ; \1 \ ' dl 'dl"" " 11<'''' \ ' " 
occolllillg apr'l r"llt in ollter ;lr,' as 01 Cl1l'II1i l'; d ",'" II' ,!I t \ ' \. ,1 1'111.1 plll'l 
lllllnncs oftl'n ta" nlll a( t al,"K , Thi s I,'\' ic\\' pr,',cIlI ' c' \allll,I ,', "I IIle' ill \ I,II,' 

mcnt of other SCllliOc\lc llli ( ab , prin(il'all y from til,' IwS1 I' la 111 
The illlport'lIll'e 'If l' he llli ,;t1 ''l'Il I (l~ \ in tritrll l,hi ( il llc'r;lct llllh , j',lIl lc lll.\lh , bctwcen aphills and aphidiid [,;t r;l,itold \\a s l' ~ hl! ' aisp hc'ell ,\c:1l 1111b\I ,I I,'" ( I:>, 

,:-~, I:-3, IJ~ ), :\!though CilC"lll :l' ;t1 , tl!lhe ~ arc~ ill , u lli ,' i,' llt 1" 1 ;1 Ittll In l e' \\ , 

sOllie cxamples arc pre,' cnleci 01 tritrophi,' illt ,TIl' til'll ' 1l1(, IL,I,',1 I" :'1'lti d 

sClllil,chclll i .:.tl ~ , 
t\phid~ ant the' major inscct PC ';!S of tClllpnat c' ;Ig ri ( ul tur,', (;It" I Il,~ d;tlll ,, )!.e 

either uirectly hy fecding or hy transmittin g pLltlt \'irus til ',' ,!" " tl>l)l I' hl' 

study of aph iil chemical ecology olTels ncw oppI1rtlin it i," f Il l' IIlIl'il l\"' ll lc'nt' ill 

control ( 7), and where rC!c I';l nt. these <l Spcct s arc de,,' rih,'d 

Perceplioll of SemiochclI1ico/s 
The aphid ~c" ,o ry sys tc ill lI a' rc\' i ,~\\ed rccentl y (2). T h,' ,1II,lct"l'I 11 ;11111 \' 1,1 

the placoid $Cns illa on Ihe aphid antcnn;t (f igure I ) lI a~ Ilf'S,' "lI i=~t." ld h~ 
ablation and behav ioral c \perillle nt s I I ()1 , I I X) ;ll1d lllil fifll le:d h:, Ihlll~ 
electrophysioJog ical rCl'oruing tl:l'hniq ucs, HowC\'c r. hcc;lu,c the'l'c ,Ill' leI­
atively fcw olfa c tory neUfCln<; , tiKI ~ hilS bee n limi ted sUceCS ' II illl Ihe: I,: \ t; , 

Thus, although stable prcJl , I ~lIi !\ ns ca n be obta ined that \\ til ,lin 1\ \ hlr 
sevcral hou'fS, the a lll l,lil tidc III Ihl' re ' p"ll 'l' is sm all Sttrrul illllil .11 ti l\' 
antennae of the pea aplmi. ;1, \, ,.,110,\;/ 1/111 1/ / ) ; ,\ 1/11/ : the ve tc h ;'pi ll d, ,\ /, ' '-! II/({(; 

viciae; and th t pl' aclt "I'Pl. llfI :lpllid, M\'~ lI s p ersico i' , II Il h the' ,Ikllill !,h,T' 
omonc el icited fACis (1 \ IlIl h 200 ,~ IlCI I IV ( I ,~ -\. I (, I, Ih~ I 

More dela il eJ inrOl'l1 lalll'll' ;111 il l: oht :!l ncd u, il1 =, SC'R , 111 1' Ic,'h niqlli' II:" 

dcmon strate d thl' rc spll ll SC' ,,' :III1l'lln;t! rcce ptm, 1<' plalll \"Ih ld,', I I " \ I J ,lI1d 
til alarm and sc x phcro ll' (lil" ( :.'~, ." 1 ,I I ), SLT,'e lllll~ "r rn pr,' tll" n -1(1 I ,,1.11 lie­

COlllpOLlnd ~ k d to tlt e: ' " Ill'l !h:!I lit, IlI illlarl rilill a n" " I lit,' ,[!li''' " \ klt ll"" 

(' 111:\11('1\1 , U '()i.()(iY OJ' !\I'lfIIJS (,'I 

~~~' ''' ' 
. , :-~, )--r ! 

,p<J::,,'r'; : ~' II 

j 
\ ) 

r ,gll rf ' I I)la~ l. 1 111 ( If :III aphid :11l 1c.,.· 1l 11.1 ,11\1\\ 11 1) : \d 1,!\ II II :" ,,: 11 " 11.1 I. \ I Ill , L II 1'1 1111.\1 \ rllIlI , lIltIlil . 

(// I 111'\'\ jlll;!1 pi ' m:l r\' rhil1artu11l: ( '1 -,\\,.'c.: tl lld :lI : rI II II ,II 1;1. (I' I ~:\ I IIL!. I \ IH'm. 11\ ' \ ~ Tl pl' I h;1I () . ~ '" 

HUll\' 

"!,hid, Nos(llIlll'io r il'; ' -IIi,<:I '; , wn,' !!-cnn;ti " d(11' 1\,,',' I'\llro; t 1;1 HIII\',' VeT, 
studie ,s on "thn al'hids h;\\c llilt ,' ''Illirtlll'li thi o; h y plltlh' s i ~ , and Illde,'d 111;111\ 
01 these ,'dis shllll' a hi~h dc)!.r,'e 01 Slle,,'ili " 11I lor th " il' \; '" "I'IlIPOllllds , The 
hi~h stililulu s ," 'llcelltrati'1I1 , used ill thc kltll",' aphid s tudi co; llIay ;Jcclltlnl f(lr 
th e' ,lhscn','J gencrali :;t rcspo nses, s illcc al , uc h ic" e l" ,'\'c'n spe( iali l.cd 
rc(cptllrs lllay show S('IllC res pOll se' to o th n l'lll IlP(1 tlll ,b , 

An illllll'rtllnt difkr"lll'C bctwecn ;tiale alld apt e nltl s ;lpilIJ , is thc greater 
;Ihllndalll',' Ill' ,;,'l'l)lIdar) rhin ;tna I'll thc IIll t,' nllll 1)1' th e al ;II" IlH'q,ils , stJ~gc s t ­

ing thcir ill l'l,l"clllent III ho st loc uioll a lld mat e ,'ck(tio ll , Thc see:olldary 
rhinaria 1'1' the 1l1ak 'I, ~rc' I'ropo'l'd to b,' r", poII s ih k rIll ' c\ phCfOIllOIlC 
dctc'c tio ll (44, :-:X , 120). and th is has hee ll l'll ll rirlllcd h) , illg k (ell rcconlill gs 
(SCR) (27) The secondary rhinaria or al ll t!' virg illllpll rlll' ha ve a lso bcen 
sho wn t(l respond to plant volatiles (L. J, \V ;ldh alll S 8:. C. i'I'! , Wooucock , 
IInpuhli sh,'d d;l\ a) , 

On,'e aphid s havc landed on a plant. ,;c ic"ti on or rCI "l'tioll may be assoei ­
at,'d lIith gustatory ren~ rtors In add itlnn \(' th l' tri choid o;cllsilia 011 the 
lerlllillal !'rocc,;,,;,' '; (,f the a nt e llna (2) (Fi g me I) , sl' \I, d!; ! 1" ,'at"lI Oil the lins i 
1.1, l1;l ~ 'd i L t-.:. I. II. \1, h " bn)" ke, unpu hli,kd d ;H'!1 ,llId Illl' ":I' ipharangcal 
,'rgl!I!' ( 1..1', 1 ~, 7) ill ,,1 I... , n k ial. Th,' lab i;tI t iP pcg ', Ilnre Il: ' lughl tIl have a 
g tJ ~ ta ill ry role, arc II<W kno wn to he Illcch anl. .r,,\.:,' pl ors I ! -1,~ , 1:>6) , Howeve r, 
thi , a rea I'l l! , Icec i\(:u li ttle atten t ion , Prci imi n:lr) , wd ies h;IW' shoWIl th at 
" le ,'t rt. '1 ,it yo; inl'lgiea l rc'polhl' o; tl' t hc ani i!'cc'd; II II ( )- (1, , I,' g'KIi;ll can he 

" hllli llc'li Im ill 'lc n ~t1la Ilfl tlt t' tCflll in all'ro,, 's "I' tlie ;1111,'1111 ,111., J \\'aJ h,lIll s , 
ullpu hllsh ed datal, 

SC,\ PIzCrOIllOl1t 

III the c'arh 1'J7()s , Pellel " ' ''! II I') , 12(1) dUllunslr:lt ... d Ih;Ul l\' ipar() th fem ale, 
III the t','IlU ' Stll i: {/IIJI/I ;lItr;I,'I,'" Ill;lie , h ~ Illl'an' 01 ;1 I ,d.n ile- ' L\ pherollione 
rcic ;lo;cd Im lll the 11111.1 tl h i:lc \1;, r,h tX7 , XX ) /; l1 l'1 ,IHIII"lI tha t sex phc r­
11I1lt. lll c , <I i ',: PllldtlLt:U h\ AI \ i, 'lor <llld \ /1111/11/, ;11 ,,1 1J)('le rCC l: llt , tudic:s 
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\ealnl tiKi( oi'll'lh'l' ill 'l'\' n ;r1 ,)thn aphid spl'l'il" ('\'1. 1.21 , 1 , 1.~)' 
II " ('\ ph l' rtll)HlI)(' i, 1'1 "dll" I.'d ;Ind leicas,'d hy ~lalldlll,If' ,','lis un'!I.' 1 h 'lll\.' 

I" ':" ''' ' 1,1;lll llc , (Ill th\.' tlhll ll' III :he 11ICL,t lwl;Il'il' kg, 1:111 ,If "i('ili l' . 1I ' "1\.' 
sob'elll \.'.\tr .lI. l~ (It til t' IIbr. l('. (j( ' ,SCi{ ;lI\al:- sis llil the ,el'llllci:\\\ 1111" ;11 ia 1,1 
()) ;lies, rlllll ""'.! 11\' (;C -"'-; ;1I)tI " Illht'li l.' studi,'s, ti('Ill\IIl,tratl'ci th:11 til,' ~,'\ 
1'1"'l'lli Il\ '"l.' ,.\ IIIi, ;'1 ,111<1 \" llI))I'rl,,'d ;1 '\' llu)'. l\ti,' l))i\llIP: "f Illl' 1)),'''"1,'1'­
1'l'lwid, (! t \, I:1.\ 7.\, - ,II<' I-llr l"'I:II:1,'tI1lIe (I) ,llld ( )-IIN "h.\, 7S,7 ;11\)-lh'I'­
l'1: t\;k:,,J III, i h\.'III " 2\ I ' '', \ II , '1'111" " 1\\'IlUlillPllllllth, III tlifkrill )! r:tll ''', 
\\,,'1\' ;d" , , 11 ,,,,,,111, ' hI.' 1'1 I." CIII 111 :\ . / ,i" III/: M . I)c'I' ,·i"li t': Ihe' hl:ld, he' :II) apilld , 

:\/ ' /I i," «lhlit', ,Inti til l.' ~1" " llhll!~, ScI,C U/,lri, gl'Ulllilllllll 12() , 27 1, I1,)\\ \.'\l'I. 

1)\ 'il' :IT,IC ,'I Ihl' d;II))" '" "" 1' ;'1,lml, /'// (I/'( 'c/(lIlIIIIIIIII/i, \\ 'I.'le f"uml tlll'rt,du l.'\' 
11111\ ,-l ,IN. !\ ',L\I-Il<.'l'ct; r1 :Il'I(11 I )\)) ,\IiIH'ugh thi, I'hn'll))(,"e h'" ",'I \l'l 
1ll'\'11 1111 1\ I h,lr:IlI \'I I,I,'" :11 ( ' I , rl"\'; II '( IIel ~ believl' thl' "I'hld PI'l,dll l'l" ;t 

111I\IUI\' (,I II Il' 1,\ :11111 1/,' tlt;I'I\'rl'oisllI))CrS (III. h\.'lIrl' 2) , 
\ .. ,b lr1,'~ l\ tI k dl'd 11"11 1 :111' "h(1\ ,' ()\ Ipar(lus M , I'iciu(' hy elltr;linllll'llI lllll(l 

;1 I""')!!' 1', ,1\ I))C I c'( lI) !.I ITl l' d ,igllifir:llltl y gre;lter prlll'nrtioll S l,f nl'pl't ,iI<I<.'\l111e 
I than \\('I'\.' 1','" lId in Ih t' k g l'\ lr~I(' I' In ~lddititln, while only <I slIla ll ;lIlIOllnl 
o j nq)clal ;)t'i (\\IC (I - ~ ng aphid) \Va, obtained frolll these t.'\lrad' (2'i). the 
;11 I\( )UIII PI'l )l.lll l l'l1 I" cal ling klll;ilc , l'xcccdcd 200 ng/day «,7). Intkcd, fnr 
"'IIlL' ~pcril" (' )'.. IIfc lI ' /) (' r Sit'lil' and S . ,~rtI/)/illl/lll, onl)' thl' air l' lltl<l inlllCII I 

'Ihld yicldn l dl'I l'Clahk ;II1Hlllllts of pherol1lnne. Thi s findin)'. suggl'sts tlt:l!' 
dUring ";illi l1~ " Pl 'lH lutlio ll "f IlcpClalactol is continuous, prohahl y fnllll ~I 
gh't"\l' itic I"C l'lIlSl \I. ;111' \ Ih:lt :I propmtioll nf the nepetalactnl is sl' ljuenliall y 
oxidi/l'd tt) Ilcpctal:\chlOt' L:i\'()I'<ttmy studies, using male hcbavim<tl re ­
spnnscs tll Il1nllitm I'hd\11l10nc release hy ()viparae, indicated that relea se is 
reslrillcd tt):t ' I'ec ifi l" 1':lrt llf the pholop h<t se (4'i, X7 , XX, 12()) , This ha' hel' lI 
l'onri rl11l'd ill S. grtllllill/lJII , I'm whic h nnly trace amounts 1'1' the lactol were 
fO lllhl in ;Ii r l'lI lr:tlllll1,'Il1 :';\lnp!cs ohtained whell females \\cre not calling 
t ~71. Pll t~ l l)(l1" IK r,:ic ;l,e III M, licil;(' ;tiso appears tn!1<.' agc lkpe llcir nt, and 
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h,'lil lll,lk 1\'~I)('ll se alld phertlllHlIle reicase; reach a Ill:txillllli ll "II tlil' si xlil Iby 
,,1 aoull h" "d ((,7. X7 . XX)' In additillll, the r:ltin ni till'. 1\\,) ('llllljlUUlld, 
(' Ii ;lll )!'" Ill;\lledly Oil day s ix (Tahle I), although the illll('tiPIl "I this Ch:tllt:l' is 
UIlJ..II< \\\ 11 . 

Ek'l'l rllphysiological recordings from the second:lry rhill:tri:t llf 11l ;lies of all 
the sl'l'l'il's studied , inc ilidill )'. p, 1IIIIIIIIIi, have shownlhe pl'eSl' Ill'l' of spcl,'i :t l­
il.ed t1 lfaclory cells that re ~ p(lnd separately to compounds I ;\lld II (271. whi l' h 
wo uld ell:lhk th e insect to discriminate hetweell different r:ltius of lhe two 
phl'fI)l1l(lIlC co mponents, Although the role of these recept ln s ill p , /1II1I1II1i i, 
uncle:l!, thi s aphid has other cells that respond to cnlllpl,uml III in the 
secondary rhinaria, The ubiquity of compounds I and II in the sex pherol11ones 
01 many aphids Cfable I) may give ri se to interspec ifi c 11);lting beha v ior , 
L:I[loratnry slUdies have shown th at olfactory attraction o f 1ll~lk ;lphids to 
calling oviparae was not necessarily species-specific (XX. 12()1. However, 
maic S. gmll1illlll17 could differentiate between di fferent hiol Yl'l'S or the :;;1I 11 C 

' I'ccies (-!Cl). Attraction of S, !!,raminwn and M , \'iei:;(' Ill;!!", tn o\ 'ip:lrae frolll 
dilt errnl ' pecics was a lso examined in the olfactol11ctCl' . 111 1: :; !Il V cases, the 
le vel of rc,\ ponse corre lated directly with the known rati os 01' cOlll poulld s I and 
II , and there was a reduction in the interspecific interactions as the phcro llllllle 
hlend hccame less like the conspecifie ratio (27). Silll il;tr rl'stilts were 
o btained in mating assays using synthetic phc rtlmonl' wilh II , Iii/iiii', M. 
" i" io/' , and A , pisilln (67) , 

Aphid ~cx pheromones were thought to act over only a slltll'l 1';lllgC and thi s 
helleL 109.clher with the observed interspecifi c interaction s, led tll thc ,1I n :c, ­
inn Ih,1I in ordcr to provide a high degree of specie ..; spcc ific it\, 1ll;lIes wou ld 

rir\t necd to locate the primary host and then search locall:- for l'tlilspec il'ic 
ca lling klll ,ti es ('i9, 60. 144), I!o wever, recent fie ld tria i, h,II\' ,11llw ll th"t 
11l,.ril' ·, e".10 Ill: , eicct ively attr~leted to pheromOlll'-bai tl'd ll'i() ' '.1' 1111 ' . \1 ;1 1,' 1' 
tl:lj " L.'JIIl.!il1ill~ sYli lheli c \;tetlll (cOlllPOUIllIIl I) allf:J.lcd III,!', III. tI, ' j'. /; 1('1//(/1 

\, 



" 
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II')) Sllllll:ilh, c"l1 llP'lUIHI I was an cflel'ti \'l' Ime IIlI IIIl' 111;lk 1,1;ld,hl'rIV 
,' ,' It'.ll ,IJ,il ld, Sil" /""llli'og(/rille (1 , ILlrdic 8: S I:, i'\()IIIII),I1;llll. 11111 1l Ihll,I1,'d 

, \.11.1/ 111"'1' Il" lill, su""e-;t tklt Ilw early Llb"1;II"'\ 'llIdll" did 11,11 ;\ITlIl;ttl'l) 
Il:lk " 1 llil' '1IlI;lll\lIl 111 tlie ficld alld tllal SC\ l'ilnOI1Il'IIC' l11a\ 1'1' 111\ "h I'd 111 
11'11>.'- 1,111,\:1' 111:11,' 1"I'atiI111 I!tl\\,cn:r. till'S,' !'Icll'l -;tlldlc, dl' 11(11 1'\I' llId,' ;1 1(11c 
1.1I II, ", Id:1111 \1,1"llk, 111 -;I,,','i,'S di,nilllill,ltl,'1l dUIIII.L: 111,,11' ,,'1<','111111 111­

dn'd (',11111 111 1'11 1'1 al (I II) ha\'e showlI that all "'llaLi .,!, 1111' 1';lI~ "I thc 

1'11 111, 11 \ il,"1 1 ' 1111111 .1' C,T"Si!C'/'(/ \\as allc\l'cllclll " 'Iln"i,t 1',)1' ,,111'1"'111"111' III. 

h, 'l h III IiiI' Lr!"'I :lI('rY alld ill thl' fil'id , 
j);!\\ ,'I' ll 1'1 ;d (.~.") ,u~l:'l'sted that aphid se\ phcr(lllll'lll" 111;1\ "I s" ;l Ct as 

~;l ll ''' l1''III'' III ;lIILICtill!-', prl'd,ll(lrs alld p<tra,it"llb III all (\I'I'nl1"'lIl h' 

1,1, , \'1\ ,' IiiI' rl"~~"II-;l' o!' field · flyill!! l11ale aphids I" SYlltl1l,ti,' '1'\ 1,11,'1',1\11(1111', 
k il l.lk bl;II,'llld Inrasit('ids (I'n/llil 'pp,) were c;lught ill 111,' \\,lin 11';11", 

111\1 1~ ,I I III,>': tiL11 Ihl': lise thcsc l'OI11[lOUllds III host 1"l'atiI11l I('~). 

:\ 1111111 /'/;('1'11111011(' 

Till' ;Ibr lll l,hl'rl'II1l1I1C is rcleased fnlIll thc cornick seerl,til1\l \\ il l' ll ;Iphids arc 
;llt;,,:l.. l'd b ) pr,'d;ltors or paras ito ids and rcsults ill \'aliollS type's (,!' dl'il'lIsi\'C 
(11' L\\,lid;1I11'C ilch;l vior such as dispersal (110) !lrn'ell attack (2,,) , :\S idl'lltl­
111'd Iw 1I11ic'1'1' lllkllt groups, thl' pheromone for ~l'\'cr," "phid 'Pl'l'll'" l'lun­
pl i"c, till' ~l'sqlllterpelle hydrocarbon (l:)-{3-farncsene (EBF) (1'\, ,n, I.')S)' Thl' 
sl"ol lc' d ;111"11,, ;!phid, ThcriolllJilis /1/(lcu/(I/(/, phemllll'lll' l'lllnpri,l" ;IIHllhn 
'l'slI liitcrp,'lll' h\drocarbon, ( - )-gcnnacrl'nc A (10, 115), ~llld 11'1' ,If I/C/(/(', 

I1I111h >tl'l'pClle~, particularly (-)-a-pinenl', synergil.l' the <lcti\it\ uf UH' 

f l:?\) 
E.\l'lSioll ~tudlcs indicated that the sixth antellnal Sqcllll'lli is ill\lll\l'd in 

:dan n phCIllI1H'lll' !'l'sronse (107, 13<)). which has bl'l'll l'llllfil'llKd 111I \l'\er,,1 
apilid 'i'C:l'ies by SCR studies on the distal primary rhillariulll ( l ' i!-,lI iC' .\) The 
tUII II!' (II' lilUS! ;IrlJ aphid, Lipaphi.\' (I/yadllphis) <'frsillli, rl'sl")nd" t,l Its 1l\V1l 

l'llnllCk dn'l'k! hut nllt to the EBF contl'nt alone (\0(" It)')I , :\ \',ie'Ullin 

,Ii,o ll .!ie Irllll1 the arhid was highly activc in causin" disl'" .. ,;ti ('I settkd 
~'l .tlllli e' (.\ I) CC-SCR studics on the proximal prilllary rhin ;lr ililn I l 'l!!url' 4) 
Shn\\ l'd Cl' !" t1L11, ,t1thol1gh they die! not respond to LBI:, \\ell' '1IIIluhll'd [)\ 
l\lhL'l l'lllllPlll1ClllS uf thc distillate, The additional COIllPlllll'lliS \', dc' "klltllll'd 
a, all yl, 2·bUI\ I. ~-hutenyl, and 4-pcntenyl isothiocyanillCS, \\ 1;11'11 1'1l"1I1ll­
,Joh alll,e thillugh action of thioglucosidasc (ImTll,ina', ) l'll/Ylllc" hy 
1,lul ',uil ' lll oC gllll'osinolates sequeste rcd frolll the I'rlll'I((' lt",!' lhhl pialll 
IllJl'..:d, thi\ \\ llrk shov,'l'd that I" ernillli has its 0,,' 11 thi()2~ II ' c"hl"; I' C' Itli tillS 
PUlp,hl' TI1c I"o thiocyanates, although th)( actin: ,dllli l' , ,,;I\l' It lll a lann 

" tl\ It \ v,\tl'il ,'t 'mhincc! with EB!-', .::n:1I for sillgle arhick. \' h !c' lI riP 11<.'t 

r~.lll I .. hl',lllll c' IlIlIil ik ulldc r rilc illi'lucm'c of th e n,IIII , ;t\ ! '.' \,' J hi '. 

,J~.~'" 111,11 Ilh' apll ids L ~!ll (it-tl'lill inl' the (1' ,I:\lIl1 li\ ., : ,,". ' I III 

CIII ', MICAI , 1':C()U)(j) 01 : ;\I'IIII)S n 

/,,;(' l\l'''J~'\rl''( nl \11i':H:l11ry cl'll" (I'tlill Ihl- l 'L' :qlhid ..... F~' l· i l'~ 1\, fl." } l' LI!!l l: '\ 1...·Ill' ;11 In 
1111:11\ 1!11tl.tli:I) : {((I(II n hrOS-"'I'(/(', (llildlll,') /\ /lIh(/(' , f !JouolI/) I) IIII OUtIi (C I'd 

\\(',l,k'l,"k. 1I11jlllhll;...hc:d d ~ tt ~ I) . BLick h~!1' n..'plc."-l'J1I." a l~" .... lillllJl;lll l) l : 

c'il', I'I'd rl'k"sc of is()t~li(lcyallate, L'<lusl'd hy Ihelr kl'dlng '!llli. as a rcsult. 
dl'i ' l' r,C' Ill()rl~ readil y, For 11, .iii/we, hllSt-p l;IIH COllljll1und, havl~ aho been 
, h",\\ n 1(1 s\'ncrgill' th e acti\' il~ of I-:HI : l:lO) 

I Ill : J' ,Ul l!hilJlIitOlI s plant cOlllp"nl'I; t. The hop , /f iliI/II/ liS IIl /JIII IIS, co n 
i:~1!1' ;, rl'!" ti\ I'I\ hi gh propllllio n 01 i:l3F hut, dlll Hlu gh I' 1/!/lIlII/i 1'I ll plo) , 
I III ;!, lh ~!I;1r!1l pheroillone , this aphid colonl!.Cs hops and IS a major pcst. 

I \; 11 l!ll :i!Il'1I ill' olil cr \'olatik COIllPOlll'llts of lhe h"p plant l'l'v('~lkd Iha 
't,\ ,,': ,!1 'C"cJ UIII'IJWIl(' hydnll'ilrholls hi(),YI111ll'lictily Il'I:! \l'd ttl Uif:. Ihl rtl(U ­
1,11'1\ 1- )/J-L'dryophylkllc. 1I1hihit the activity Ill' thl' phl'l'OlllOlll' (2lJ ) lilli " 

llil' ~1J'llld ,ecmed tll de tect lhc dJllCl'enL'l~ hetwl'en itll <Iphid, which pmdul'l' \ 
('IIi'. Ill/, ,lilt! lhe plant. which produccs tile rhl'l'O fl1' )Il(, IIlllibittl r il S wrll 
I Il\t' '' I ~; I! I(\ n' ()f d wide ra ngc of plallts rn'C,licd " Silllli;l r pict ure, ,tltl l< lug h 
,,~ In f;Ii" ill\\ l' r !c\'I'" ol lhe~e scsquitcrpcllc h ydrol<l rhll1~ wc rl' l(lund (IJ.()) 

'\ "flld l,. Ie", one plant. SO/1II1I1I1l IJcnil(//lil ii, a cln sL j ,' l i.li ve of ihl' Ullll ' 

I ,1:,1 " \,,111 1111111 (/1111'1(/,\/11 11, \\' :1'. 1'1' "1111 Jr ' r l'le ! ' l U II ' r r () 111 It , Inl\l' 

')' !{ ' fk h"l llt" In Weil .1 \~ I) 111 .11 l lie "1'llId', 1'<'II.'l'!\' l'rl il \ l'(':1\ ,!\c'" 
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" 11': f( rc ..J Clllll' k d (ie SCI{ Oil / . . CI\ ,.;/1/; pf<'xilll :d prilll ;IIY dllll :tn UIlL (1(1/'1 f ;" \:hr\l lll; tl llt!Cll ll 

ll{ ,I \;H..:UU llI d i .... {i ILIlC (lr I.. (' ''YS;II1;, (bnlfom ) l"()nL' .... p(l lldi Il~ il lll11lbC I rl'ql1l'1 H" ~' i'l" ' l hl lhl" \11 

III r.1~ · l l lr\ 1...·\..· l1 s . 

Inlill Ihe L' ~lryophyli L' n L' prllduced in Ihe re ~ 1 oi" Ihe kat (-l;-\ ) TI lliS. IhL' aphid ~ 
re~ poll,kd by di~playillg typi cal alarm bdla\ 'ior alld "L're rep" lied by Ihe 

k ~I\' e\. III agreeillent wi th e~ lrl icr worK i n which planl k;I\'C\ "l'rL' Ircalcd w ith 

, Ylll hL'liL' EBF (1')9. I(,O) , Another '\lillY (')3) slw" l:d Ih;11 th l' [<'t; ti 'L'~ qllit L'l­
pL'llL' Ir~ll"tiLlIl (ru ill S, her(/wil/tii CIlI',c d J gcnera l d l ,lUr/1,lIkl' rdl hcr Ihan Ih ,' 

IYPlcal ;tiMIll response reponed p~\ io u s ly lor Ihe I:Ill : In\1ll Iype 13 
Iric ll<lI11CS. A subsequenl sugges tiLln \ \<IS tilal IhL' COIlI l' lll 01 1,, 111: III typc 13 
Ill l' lhll lll'S Mises frolll ad,sorption l ro lll l )' pC A tI"lCh '\II1L'\. "hlc'lI l" "IlI~ll n large 
:1I1 1,1l111iS oi" U3F lOgL'lilu w llh l ilL' (l l il ci ,SL'\li Ullc rl'l'1 1C\ I ~ I . Il o\'.c\\:1. 

l 'aryo ph,'lIcllC \\'Lluld lilL'1l ,, (coill pany Ell l : and Inil")l l ;111) ala1'll) I">,:sponse . i\ 

IlHlrC IIKcly c"p lan<tlio n is , as repOr1L'd orlglll:llh (-lk). 11l~11 lhe typL' 13 
II id1< lI llL':' Icka,.: low lc\'cl , of LL3 I· alone. ,,'hil ,' IhL' Jl l~llIl ' C\q Il I IL'rpC I1L: 

UlilI l' lll oj Ihe planl IncllldL's IhL~ .. Ltrlil pilCllHIHlIlC IJlI 1Jh ilti r ( - ) ,(3­

(",II') l)ph yllc nl'. and Ihal thi s llli Xl ure.: at high UH1 CL' llllaliull' it,,, ot hcr "c ­

11.1\ illl .tI C1 1'L'Cl S, 
'I IlL 11Ill"I'l'Ll I'llI' 1I1'1)r<) \' iil )! Il ph id 1':'1,1.11,, ( 111,\ ,!,;I<"/ ' '1/ '\'" It~hli dl/a­

11,,11 \\ilh " I"ill/oil/Iii 10 il1<"J'L' :I \l ' 1,,\ ,, 1, <II I BI i l ., " ,'I~ ',"'I : ' lln,'.j , ')\ ) 

.,. 

. [I!; 
....lLJr) ) ··) 
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Th e hi(l'~ ' lllh ('sis ('lor L13r 1\ /'1'\,' 111 11 :1 "'" II 'il llplc c ll l.)" lll ic ' ICI' 1'1'< 1111 1:1rJ1L'\\' 1 

1' \ n'l'hn\ l'hatc. " hidl i\ jl l "" II," ' " f.!l·I1,'L tlh· I1\· pl ~ lll h . Th is I'r\ln'\~ 111 .1\ l ,lkl 

II LI!')!el for L"rOI' -I'I,1I11 11I' ""rIL';:II "1l I" 111"knll ar ge l1ellc\. /lUI ill<' 'II,' " I 

1lJ'l1dul'lintl or the LBI : "<lI !l d IIce.l I,' he 't"J)III;II\, from Ih :II ,,1 Ihc " llLldgl' II""' 

)! t"lH'rall\)J) tlf c lrY(ll'h \ l k l1(' h1l \ II ,',T\\ 11.t: .llll ' l ~Iphi(" . Ihc 1,1'" II III, 1t" 'IIl' 

rcka'e S\'SI\,llI llla Y III \), he 1('(jIlII\·.1 II ~ ·11 Ikl'I IU \l' Ihe d\\ lIlllCd 1'!n ll ;" '1 ,>I 

LHI 1\ pre,enl in pl~lIlts, \ cljn\, \Ir;III,' ll l ',lI tid jlHl\ 'llk :111 LT(lIl"I1IJL' !,'lil,' I" II 

i"lll aphids. Imkcd . ~Ijlhi "\ hI',' " 111I1\lIgll 1 11~ 1I1 ) )C"Ill' ldlillll \ ,'11 .1111 11 , ,:.1 

Ill,:dllllll dtl Iwt produce Ih(' al :trllI phL"r'" l1<'l1e (II . \'all 1·,llllie- ll. 1" '1" "1 ,.1 

C<'IIlIlIUtlieatinn). HO\Vl' \T r , farn,' '''1 1)\'J"'p IHl\ phal ,'. \\ 'hich I' .11 ", 11'."1 11 \' 

llll\tahk , "'<)lIld pmhahl y IIn l he PI"'L' 1l1 ill ,ig llili l ',1I1t ~ 1I1 1\'1 1I1 [\ ill Ih'· I,I1I"(, III . 

alld fUl1ha studies indicate th :1l Iiddill(l/ l (' ( 111'eLII ,' 1\1 Ihe :lrr i fl c ll!I 1l1ql llll\i 

re'iI'lcs pmdlll"li()11 of thc pilCI'<'"l tl l l' til , \ 'all hlltll'lI ,\: .I . :\ . 1', ,· kl ·lI . 

ullpuhlishcd datal. 
Thc aphid alarm phe.:nmH)IIC Cill prtlh,lhh' ;tltr~ll' l pred" lnr~ "I' p;ILl\ilt , id \. 

hUI thi s hypothcsis has flot hL' ~ 1l prtl\CIl ( I05a ), I Itl\VC\'l' r . Ihe i ll ittl ,i l '" 

( -- l -/3 -caryophyllcnc has bccil sh()\\1l 10 ;llIr;lct lile ~ree ll Ian'" IIJ ~, ('111'1 · 

SII1)('r/1l ("II/"1l(,II. (47) and Illay al sol' IlI);lIll'~' I'rc d~ltioll bccausc il rcdlll'c\ ;'1 )hi d 

di spcrsailln atwd; (126) . A , /)islI/lI. para~ iti / cd by A/Jhidills (·,.,.i. r" \ I''' IHkd 

to thc alarm phl'romonc or an ;Ipl'r"achill ~ L'(l(l' lIl L' lI it! pr\'ILtI()r Il) II Ie",' r 

extcnt than when unparasitizcd . Thl ' IS q id 1(1 hc thc j'irsl pr~ lL"li cti c\:Illljlk (, I 

adaptivl' 11I)st suicide behavior in ctllHlectioll wi th p;lrasili slll L~:--: ; 1. ()O!. 

Other isomcrs arc known to ~Il"l' (l\ llpa ll : t:BF ill aphid., (12S). all tl \;Jr i ­

at ions in ratios have been invcsl igatcd ill dlrkrL~ nt Illorph s ((lel) Till S \\'()\K . 

and the further finding that torica l dose, o r EBF caUSl' lllorp h,li" !c i ~'l tI 

changes, led to the suggcstion tlu t al<lJ"J1i pilcrtlllltlne Ctli ll ronl'nh h ~ld "ddi · 

tional hormonal functions «(, I a. (12 ) The se i"ull( tions ha vc all t' l1d(' ~l' IHl ll ~ 

nature and arc not directl y Ctlilcernl'd ill Chl'l lliGti e(o l o~ y HowL'\'L'r . <l11IJid , 

cmploy juvenile hormones (6()) Ih ~ 1i IlrL' sl rllcllIrali y related to Lll F. and LIlI · 
and analogs are known to havl' ju\'cni k IwrJllonc - li kL' c ffcch (l!l aph id\ (X l) !. 

Soon after the first alalm phertlillOlle id l' llllriL·alion. l'k)!<lnt ,s trll L"llJrC ~ 1L"l i , ­

ity studies demonstrated that EI:3F \Ias ' lIl' ,untia ll y Illore acti\L' I h ~1 1l <Ill \' oj' 

the other farnesene isomers, Howe\ l'r. the (r)-llorrarnesL' ll c analng. \\ hich 

has similar stereochemistry bUI \1 lih Olle k\\'e r carbo ll atOIll. "~Is ;l ll ll(l,l <Is 

eflective as EBF (9), Repiace mclli oj' 1lV(..II')ge n with fluorin e in Elli .c'.;l\e ;1 

hig h ly active and, in spitc o f til l' inere,l'" III Ill()ic(ullir v.:c ighl. trlOl"C \'(ll:ll lk 

arut log, the I, I ,2-trifiuowlarnesell(. Inll Ihl~ cOJllpound was l"h e mic ;tll~ lIJl ­

stah le ( II) . The stab le and Illore Ch ll\' ~ynlilc~i/L'J 1. I-d ifillorllnnriarnc ',· JlL' 

\\, <1" also prepared , and i ts aelj \·it \· L()llll': lred wilh the lInlluorinatcd nor i";lr ­

Jl Csc ne (Figure 5) . 

A lthough it was clcarl~ (icIlH1!l ' I ' ''!l'tI Ih,lI Ihl' ;t! ;tJ'm (" lkl'l 01 1.1 11 ,1"Il'. · 

wou ld no( be.: uscl'ul i ll LillI' 1' ;111,. ti"11 11(,. ;.:' J, 1.lh()III ILl!1 ,(UtI ··\ ,,!I, 
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t \J lll\t ll 1\1Il l.lT l1;.. ... ...: IlC ( " ~1 \\ ',lnd l,.,'k . IlllI'Uhl! ,h\ I \' 1' , 1 ) 

t1 

~ cq\ll'lltly , h,lwnl tilat thl' illl" 'c,I'cd 111<>111111\' ",tl l,(I,lllY ',\" llt\o ,' \I,' 1,11,'1" '
1
1\(,111' 

could illlprovc tile pil'k up"r IK" ticiLic' i ')')1 Sill ll!;l r rC~\lIt' \\,'1',' ;1,' llI c,,,',1 III 

Ihc field using a fortllUlal. 1I1 cO lllpr i,i ll i' all ,' llllt\'lli;lhic- ""lk"IlII,II,' "I lil,' 

pco;ti c idc to!!ctilcr with 11ll: plll.: rOlll(1ll e: III .t \<>1.1111e h\ dr(l,';tl"bllil 1" "I'l'il:Il~I, 
applicd with an experimcrntal dcctr<lS lat i,' ' I l!a\ill~ ,\'"elll (,'i(ll III Ihc' ~:Id'" 
hU\lst;, EBI : also ill1pro\ctl cOlltrtll Ilf I;h' I1q,:hly I,:, i,,\;! ; ~t ,'(latlll (I: 11l,'I'"1 

aphid, Allili,l gossl'llii, by incrc,l, ill t: 111 __ pld; lip of ' rtl r,'~ i'1't 11l1 Iii,' 11I 11,c:;d 

pathog.en \/(' rric;lIilllll I(' (~I/l; i ('i(" 7 ,\) II I ("11I11~ I , Ih e: ;"idlti<J1I III LllI ' 1,1 ;t 

cOlllmercial a4ueous lilfl!llUI ,lti o ll 01 k l)\ ;tk l :tt,' 1" I)(lrtcdl y illlPI't)\'c' d kdl III 

rield trials on an aubcrgbnc crop U'111~' ;t L"t1l1\',:lltll l ll ,t! hydrauli c 'I'rd\ IIIL' 

system (163). but this fonnuiatioll t:a\,' I"HI\ l e~ lIlt' ill the l ' lIit ,' c\ KIIH',I,'1ll 

(B J. Pyc, personal commullicatioll) , 
Laboratory studies indicate Ih at ,iu,t ,I k\\ I lli lli~l:tlll' pi EBI : 1,'!c', I'L'd 

within the crop are su!Tlcient to c li "it ,I 1l 1;t)'i llllllll ,t\alill rC ~ I" l ll ' " \\ i l ll , Il l 

aphid such as M, Iw(Sictl'£', hut Chl' !ll ll ;ti dl'I,'C liOIl or FBI' al I I1c' ' I' ie'\ ( I, 

within th e canopy is exlJrelllcly d illll"li lt I itl\\C\L'r. llie ril.,)rill:t",d :IILd, ,:,' 

I, I_ditluofonorfarnesenc ( an be ,ktc" I ,~d at \"~ I ") it1'" levcl> In Ol,' all ' ,,\ ;Ill 

electron-capture delector with GC ;t1lL1 Illav hc lp ill dc\ i,ill)!, IK ltel 1(l\"lllu LI ­

tion s Ihal could he used T'l' l iabl y \\ ith h \ dr,i\tl ic ',stelll' till, l'urtl1n \\, ,;,k Ill1 

intcractions bel ween hl'bt pl;t111' ,llld Ihc ,t\,1I0; ph"I"1I1HlIk' 111;1 \' ,d", " ,111 

trihule ; for example, although ;til ;tLjU,' ,lll' Im lllul;ttitHl Ill' EIlI : ,'1 1\ 1"'.\ IIIl 

alarm re~p(l nse wilh L en's;lIIi, a 111~'11 rc~ponse: \\'as ohtaillc'd \\ 11\'11 Ih,' 

for ll1ul ati()D was combi!l"~d w ith thc' 1 \;ln t dni\,,' d S\ llcr~ist 'II I ~ I i"l!hi,lc \;1 Ii' 

,lle (31),Use of EBP in the field to ,'OlltiOI ;'1, lillh 11\ IllC,IIISPI' i t~ I cp,ll tt'd I"~ 1111\ 

has becn suggested (64 ) :JIld a rcLII "" 1',l it' lll h:I' h ,'CIl filed ( 151. but II, , II'," "I 
LBF c\(1CS not appear 1\1 e )'phl i l 1111" 1';',1\l1l'C " f '~Jlli llLhl' l11 h ,:I, k',<i,:'" 

, " I I'
01 

L lilli, \ ,'J I 'I 
trealment (I'C s Id I rcqUlI, 'd ,',, ' ;; ,I "'\,' 11 "WOII)" ,I I 

(, 11I :.!'d l(,A I , ITOI.()(jY OF APHIDS 

\" IiI I" ll: ,1 1II,,','c li , id,'" A IUriher ", lI11" l ll' :tIIOIi i ll lli e li 'C of" I'.BI : in aphid 

,- "' IlI!,, 1 I' 1It:tl III\' :t\ ;t1"l11 n:" l'tlll '( I' ,c:r": lll y ICdll,'cd In ;Iphid\ rc~i'la l\l to 

In"','I,, 111.-" 11,' 1 ,\Itlltltl)!it lli l ' 1",' ;/"1 11 rol l \ l lcl! ;1 lillk i\ not O\JV I(1li', ('01\\ ­

1I1,lId',,- ",,'.1 " l'h l"I.!'" 'tll' li ,I'-. I'lrilllil';tl"h IQhl11 l'dh Inelu , ',' alarlll 11li c rtl l lHlfiC 

h ' k: I':'.' , \ )! ,III1, hl l\\\'\L'I, III ,cC licltiC "I I"'C l'li h lc :ll'liid \ rC' I)(1Ild I11 UI"C I"( doil y 

I I \ \ 1 

/1 ,,\/ / ,{II (t/ion /{o/e (jill/UIII \ 'O/IIII Ii',1 

1 :11 1\ , 11Il 11<" 'lI):I"', ICd th<ll ,'Ii,' 1I1I\:," ,'lIC' , dl'ln: lcd (ll dy ,l flCI" v i,"a il y 

11Inll dl,'d 1',llId lll ll 1,\lldlll t:' "11 "LIII\'-. , 1('~ld lcd III ,decl l"ll "I Ihe ho,1 pl:lI11 
i 7X, -;1 ) , Itl)), IltI\\ ,'\c l', lit e: Idc;t tit ~ lt "ILIL'll1r;- ("I ll" pl;t y 1111 ,,<l1'l ill h,,\t -pldllt 

"'k"tillll 11I 'il 'l" Itl \;llldint: i\ Iltl \\' hcill!-! quc,IIIIIlGd, ,lIl d c ,~p,'r illll'II1;11 C\'idcocc 

l(l , ul'l'or'( ;til "ILI,'tnr \" relk i, aL.','lllllll lal in)! , SCI" ' I'"I , tl/di ,', 1i ;1\\' tk'IlH1II ' 

, lraI L' " tit ,' rl"I'''II''' "I' ;t ph id, Itl plant \"(l\; ltl k, in tli l' 1~lhor ; llor\, dlll i ,titliout:11 

JOlll" t'l'i I n ' porll-d cq ui \ 'ocal I'CSlill, wit h A. I(//J(/(', A li \;Ii,In ( II ,, 1)(1 \1 cd that 

thl ' ""hid did ill I';t,' t rC'I)(1I1d to It ll~ l - pl,lIlI lId \\1"s, Silll il ;lrl y, 1\ gU,lll"!'ii wa' 

altr:I L' l cd Itl htl~ t - I'lalll 1ll;lt cr i;t1 ('I/cflr/Jirl/ 1Jt'/J(! 0 1' Fillillilcrgio IOflri l tJi/II), 

while th ,' l1( llll1\1\t 1.11/11111111 {(/IIIl/ru aPl'c;llnJ to hc rcpclklll ( 1,\ I ) 

Th,' 01"l,'lltati'1I1 r,'''l'oll 'CS oj" ;q1teroll ' Cn,/)/II IJlr:lIs /':'(}rsdll' lti wcrc studicd 
with a IO«lIllotioll -COlll pcll sa tm hio,lss a)' and dClllollstratcd ;t positive: upw i no 

all,'III"{ ;I:\i s IllLd i~II,'d hy lhe "dtH' (1f the SUI1 ' Il lL' 1 host, Stuchrl ,Ir/I'U/icil ( 15:1) , 

Although thc w;t1\;in~ spccd did Ilot change displ ;tcL'mc llt frolll th c star1ing 

point , traL'k str;ti ghtllc " , ",tIk ill !-! tillle:. aIIII di st;ulce 11Hlved upwi nd we re 

sigllilicantly grl':tte:r in th e prcse llc,: of iltlSt odor than in CIe,lIl air or air 

carryill).! th t: "dor of thc Ilollhost , S lu l lt')"(/,\IIII1, These ;\\1111Ors c() ncluded th ai 

olfac tory UICS ,m: util i/,cd ill h o~ t - pl ,Ull Illc:ttitln M o re rece llt work using a 

linear Irack oifact'lillct c:r , h()\\'ed signifi cant f"I'SpOI1Ses of ,lptcrUUS ano alate 

i\ , Iii/we to Ihc SUlllll1er i1\"t Viciu I,dlll ( II ()) , Alal<le of thc clhb ;lge aph id , 

Un I icunll(' /lm,I,licu{', werc ,ilstl atlr<l(\ec\ 101 vtlla ti le\ rrom their host plant 

/iru", i,,1 ulauce(/ , This 1,''<1111 i ~ in agrc-u ll"l1t with th e pre v ious findings 

(121 1 th ;1l n, /11'<1.1,1;('(1(' ~UI':li11n ;\\;lles n:spo lloed to Vt li <li iks rnllll IJrossico 

III/JlUS, Although I'cllersso n (121) conL'i utl e:0 Ihat the vo latile isoth locyanates 

\\erL' not tlt c <lcti\t: r;l L"lor~, clc"t r()plt ys i(li llg i(':t l re:c (H'dint:s fnJlll tlte proximal 

prill1<'ry rhinari :t ()i' thc enlcikl" ~pecialist s n, hras\ic{/{' ;111d f .. nrsiIJli have 

silu\\ n thl' prcse: 11 l'l' 01" cell> Ih ,lI I"csp" lld sp,"' i r lc; tll y tt) tlKse cO lllpou nds (:I I , 

II ( I). Alat,' virgill()parae 0\ ; \, ./alw(' also possess rcccp tms se ns it i ve to 

iSlllhiocvanat e" although th ,'sc compounds <lrc n()t ass()c i<1tccl with Iheir host 

pl:lnl'o., 1111\\e\'er, while twth IJ , IIU/S,liclI£' anel 1_, ('J'Y ,lim i Wl'\"C attrac ted by 

"-hutt'llyl is()thiul'yall;II t: , .. \, fiJilt/(' W<lS rcpd led (1 1(1) , T hu" ill I.. er\'Silllf, 

thL' hot!t \\lCY:tll;Il," ]1\;I Y a du,ti 10k ill hnsl 1"C<t ti oll ;tnd ,IS " I<trlll phcrolllonc 

synci !! Ist \, 

1',IlLl'SlHI (I I X), in :1 \' , ' lll PI,"ll l ' ll,i \t' 1:1i1 (1 raIt 11"\' ~t 1I,h' Oil !!ynoparac <t nti 
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111;\1, lli l' liinl -l' ill'ITV-():t1:ll'hld , 1(1I"/'''/(lI'I/ ' ''II IIII'(/''i, dCIIHIII,lr;lll'd ,111 1':1( -

Illl hl' " i ll ie r 11I1 ~ 1, /' 1 111111,1 /'d,ltll, 1'11 1 111)( 1(1 Iii.: nOnIH)\! , /'1'1,, " ' 1, '('1',111( ,1 

:111 , 1.t,I,' I, Slll1ilarll, Ill,tiC ' II I llil' liop :Iphld, I', IlIIlII fI/I, 1"'I"'llde" III 

I, 11 1.1 11\ It! ' (1"'111 11lL'l r I'I l/ll ,lrY li lh l I ', " ('(tl.ll/" lll, am! lI li l' IIi,'r (\11',1,1 1'1' 

I ll , ' ,11 11', Ii:lrl-- \\ ;t , ,It (1 \11 I 1t ' I'l' al' l i\,' , II I :Iddili <l ll, a 1111\lurl' "I ' lli e h;lr l-­

,'\I ra 1.11111 '\ I1 IIi ,' lil' 'l'\ phCl< 'l l hl ll': \\:h ~i,iCll ili (:II1\l y Il1lln: allral l l\" 1Ii,IIIIlil' 

1'1i " 1 , \I II 111\' ;ti l' ll l' I I ' J) I lmH'\ , ' I'. :1, /0"0<' ~y ll ()par;t " did 11<11 r"'I'11lld III 
\,)I. II IIe- , (1'l)l lll1 lL' I'rill1;ll\ h,"1 'pilldk, ""f((l II." IIfIS 1'111'1'/'(11' /(1, l'\('11 :l lll' l I ~-Ii 

,1.11'\ allll il ( I I (>l , 

h'\\' Il l' ld ~ Iudio h:I\', l ' \ :tlllll ll'd lli l' rok 1)1 ' l'l alll \'" I.Il t1l" 111 111 "1 111( ali"ll 

h \ :Iplii ,"- 1\' lI l' r,~o l1 ( 1221 L'\ :ill1i ll l'd llie l'(kCI or bClI / :tld\'l l\d,' 1111 !'\lll) ­

1':lr:l( 1)( 1( , I"/(It' alld " I' Ihe ,12ll1co~illl)I: l iL' , illigrlt.:! " " ' 11111111\'1 :ti :II,·' o( II , 
1"',,s li, ',/( ' II , illg h:lill'd "';Iw r Ila l' ~' III hl1 lh 11I ~ 1 ;I Il ( e" ! It ~, 1\' ,"11, II HIIC: II ~' d ;111 

"dll1 -l' II11;IIIL'L'd l';lIdl 1'1"1"111 11a 11 II' , Ihe ill \'I'!:lI ik ,ill lgn ll rl' ''' .I,,'d \'lll:i1ik 

l'(l IlIj1() ll l' llh ny Ii\ ' dro l y, i ~ Sill1i l:II' l'\l'l' I'IIIKIlI ' 1\ ilh lil, ,,11111\\ c;IITll l aphid, 

('I,,'oJ'ld/u (Icgol'lIriii, d,,' IlH11l'lr<llL'd a ,i),:llil l";l lIlly grl'a l l: r ,':II ( h ill IraI" 

Irl': lll'd \\ ilh Ihl' 11HlIHlk'rpl' lI l) id ( I ) - til' ( - ) -.. ;In 'IIIlC 12()) SlIllllltalll'ou , 

r.: it:a , L' 1)1' :1 bi 'lsY IHhcli C'~l h r,' la led l'\\! ll POlllld, lin ;dll i. , igll i ri ' ''I11lh red ll l'l'd 

II :IP c<ll l 'h. : t!lh'\lI ~ h l im l\ll :dOlll' \\'a, ill:lCli\l', Thu ~, Ihl' lilla!.)1 al'parenlly 

1l1 ,,,I--"d Ihl' all r;1l' liol1 (" I' Ihe C lr \\li le, Ill lercs llll).!I) , lill.tipl \\;1, r,Hlild to 

': ' ' " iat ' ...·11, ,)11 Ihe I'I O:\ ill i:d pri mary l'illll ,l ri ulll 1'1' ,\" rihislligri ( l .1 l, 

1"""'1 .\: '1\ '1. lies \.,illh I I , / (11 )(/1' aplc'l:!e alld ;ti :lUIL' 11:I\'l' showil Iha l 

i , Olhio( ) ;lIl;\les ca ll 1111.'" Ihe :t llraCl ive lll''' or ka\~' ~ ,II Ih"'l'l:c il's' IlIl ' l 

[1 1:1 111 ( I 1(, L {' , l//f/lndi ab ll I" ' ''l''~cs I'CCL' l'lms Oil ih :l1l1(,lllla Ihat rC;'; I'0lld til 

iSO lh ioL'),analcs (C, 1\11. WOOLk'OC", ullpuhlished dala !, alld ill Ihe ricld, 

:lpp l iL':llioll o r :1 slo w-ltltka,c iSlllhillL'Y<1Il :lIc rorlllu latil1ll II) lhlpS decreascd 

l ',)IOlli/,:1 li ,"1 by spri ng ~lligr,\l lt ' (C !\, M , CI Illph<: II , llL'r't)llal l 'OllllllUllic<l­

non), Rl'cCIlI field l'xptrilllc il l s shllll 'cd SI!,!lli liL';11l1l:at l'ill" \)II11:lk I' , Innllllli 

i ll ":l ll' r tnp ' Ircalcd ", itb all ethe r l' ,lr;I ( 1 Ill' I) It m,,'/cU/ "hell the 11'<IpS 

w cre placed 20 III nUh ide th .: IlIlr g.ardcll , Vv' il hl1 (ill' c' !'''p, Ik n l r:1C I ,Jlnnc 

w as nOI aclive OUI SHI<' l gi/.cJ thc allr:1Cl i \ 'l' lless of tite ~c\ pherOlllone ( I IJ), 
Thi s erkcl \\'as sholi IiVl:d . sllffc', ling Ibal the CC1l'l1[,Ollllcis ill\ 'oi<'.:J wc('e 

l'ilhu hi ,iCh l) "o lal ik l l r lIl1SUhk, 
11.11 " n ,te is helng dCIlHl I1 , lr:I!,' " 1m pLlllt \OI.lli lL" III IOIl !-, -ran,l2e host 

\l Cver. dl'lrlll l:- Ihi , pl usc oj rlight. aphid, rc,pulld ' Irung ly 10 

\ ' _.. 1.,1 , (Ii ,II" I:-I-t), T~ IIHer<lCli ol1 "I' v i'II JI all t! DUor n!CS \\':\, ' Illphasil.cd in 

Ihe ri eld sludy with (. ,1,'>';"l'orlri h~ the: Oh\l!f\al1l 111 Ih' lt l':ln'\I[lc- hai ted 

ye ll ow traps \lC IT mOle dlectl\'c tli;!!l lralbj1an::I1' II.:!" , \, hl,' 11 \\l're i ll Iurn 

Illorl' d fec t il'( Ihan hlad; Ir,q)\ (20) I II ..\tld l liol1 , pll.lin lll1:1fl re~ lIlt s ' ugges l 

t lt:1I .II'PllI,llhe' 10 pl;IIH - I il1l ldo, IIl ,! ' \ 1,lI:II 1.l1~l'i- i>,' 11, 1111' aphid, La ll be 

III,),!!I IC,I II\ "I f .lellll\ ,111111111 I'), I "'"ItIlIgl"tIl' .\ .1 II Id le, IInpubl ished 

,1.II,iI, 

, 
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HOSf S('/( '( Iioll S('ff/i ll g (/Ild F ccdi llg f/C ' /tUl ';OI' 

RC'-'l' l1 t IT I)' )rl' 11:1"\' 1'\1,' I1 , i \ ','h' l' (w,'red Ih,' Lfk ,'(\ 1\1 ' 'I'itl d In'I }, II !C ' HI pla"I ' 

( 9(1 l)~1 litc' " " \jIl"lk" 111' hl'kl\ 'i m :1i C\'C I1I ' k:l di i1J.: III ", til 111 ).: :lIld l l1lll1li!a­

(1 1) 11 11 :1' hc" '1 1 I I'\ K \\('" 1:-:2), :1' it" , lit,' 111,';lfi(11l III l it,' !'lJ'UIIlI " l\'l'CI)t,)r, 

in \'n "'l'" 111 ,'ll J) I.ld , 'hCil ll h l'II,"rY 1111,'r:llli(lJ)' 1.'1 1111", ' \,'1, ,I nd l' fu r Ilt l' 

allll'I1J1:t1 IlIL Il'illl \ 1\' ,I'I I11r, ill Iltl ' l)h;I'" 11111 ,1 111\1 he ,,\ ,'I1I,kd 1),'l':lII"l' Ihc
'

COIlI[H) lIlld , II1\ll l l,' 11 "lll'l1 ILI\',' IlI"dn:liL' \ "l.lItllIl,·' 
Cl'l1ll,l1 111 tit " 111\,-, l i!-,; lIi(l11 Ill' apltid -I'I :1 111 II1I,' la<lI(lIl' 11' 1.11, 'd III "'tlli l1 ~ 

:md !cedi11g It", }'1',' 11 litl' d" 'l 'II1I'I1I<:1I1 " I' Cledll ' ,ti Illtllllt"l llIg II I' I'rl1hlll~ 

:!l' l i l' ll )" Tl1i .; I l'l' llIliqll l' \\'a.; or i ~ il1 : tlh il1ln 1du,','d h\ \1 , I l'ill1 ,\ k:i ll s,' \ ' t'/2), 

wito lI \L' d :111 !V ' :1II1I,l iri l'l' 1\) dcleCl rl', i ,I ;Ul,C ,'11:1 11 1" " III i/lI ' 1)1: 1111- 11"(l't 

systcl1l '" th,' st\ ''''I , l'l'lll'I raICd pl ;1I1t li ',lI l' , h llthl'r til'ld"I'I1I('llt ' lin,' 111 :l\k 

(149) ill " 'iti ,'h l' h :l ll~ l" i ll h011t r,·,i ' l :qIL'l· .l1 ld ,'I" , It I<l!I'''I\(' 1'111,',' \\',' 1',' 

IllcI' lIrcd " ' ilh a I)C .111'1)liri l· r , :ll1d lite , "hl",'t I\a' Ic' n ' llllI 11 '\ ll' l\c'd II 'i~, 

15 2a). Varinll ' 1' ;t Il,' IIl , ill th c ckctr ie d Pl'l ll· tl.ll illl l j.!":q ,ll 11.1 '(;) h:l\ l' h ,',' 11 

:I",ociatcd \\ illt dlrl,' I\'l1 t I)h:"c, of , 11' 1.>1 p'·I ll' tr.iI il1l1 , ,all\ :l I(l1I1, ;lll d I,,<,dillt: 

(XO, 44 , 14 ,1, I <; ll, I SI ) 
ElL:ctri c ti 1'(,(,"1'''111,12 SV, l l' l1 h h:I\'c heL' 1I l' l1l plll~,:d 1(11' i ll \,(, ti),::llill ,t: hosl ­

plant re sistallL'l' III apl1i\k I:a rll slUdi cs I\'ilh \' g rr /l ll/ll/(/ll (Ill 1l' , i ,I:II11 ami 

susce ptible sor,: lllll11, S"rg!l /(II/ hid'/or , sll).!gcslcd 1\"tsl:IIICL' rc lat L'L1 til Chl'lll ­

ica l comp,lsit il)J) 111' Ihl' phl" l' lll S:i p ( I Xl' SlIh,," ljll"lli , t lld ll'~ \\ ilh this :",hid 

011 o thcr cue:!", l' , ~ w hea l (Trilic fllIl (/('sl i1'l (1II ), ol1l ;\l l1 l' d , i;l1t1:tr rc q tll\ :tlld 

lin"ed these Iu other Ill:tlli k,I :tli (1 I1 ,' or :!rhid r,' ,i,I :' I!C l' 1112 , I I()). T he 
effec\<; of lear ,·\ciSt,)!!. w h ich increased k eLlin ),! (\I I 11·,i'I :ll1l l ' lIlli\' :lr" we re 

determined , ami :lllIlllll':lIl y in ,12 c h:lnge~ ill dll'1l1i, :ti Cll llll'l ' \ll i"l1 kd 10 Ihc 

conc lusion thaI Ihe :lllli l1 o ac id contenl is Il( ll plil1l:lril\ iJ1\ '"Il'ed ill :!phid 

res istance (Un). "llhough po lysaccharide integ! lIy '" l' (\ lll ll(lsi l illn Ill;! )' h:tve a 

bearing ( I S'i). I IHie-cd , ;1 rol e I'm j1lant Illatri \ 1'011 \:ll'l' li ;illd,'s had already 

been cviucnceJ by heh:tvior:tI and elect rical rl'co ldi n!.! il l ,Inil'ici ;d keeli ng 

studies wi lh \':Jr illUS pn l \S accharides ( 17). R<:l'ent \\ (11" Ihin),' the I)C ,ystelll 

w ith AI, JlNSIClIt ' and ,\', rihis- /Iigri 0 11 ' U""'l'tlhk :ll\d r,',i,I;1!lI kllllCC. 

/ . (l CIiICO S{/{i\'lllli has eX;\ lllined fine a;;pecl\ 1)1 thl' "" llci .l lL' c1 I -:I'(is , In Ihis 

case. re,i~lance appear, 10 in vo lve bOlh 111(,,;')ph,'11 :111" phlll"1ll compolle nts 

(104) 
A phid 'l' l lltn~ ;lIld kedi ll ,12 h;IVC abn hcen \\ itil'i<'lilllir d \\ II Illl ll I 1 'L~ cour,c 

In elee lri c:tI Il1llni l orin g sy, telll s Indeed , Ihl' l,knltll( ;111 \111 or Ihc ch elllical 

com ponents in \oh ed has 1lloSII y bel!fl ;lCC(1 I11pl l, lted in :"sllCi;ll ioll wilh 

behav iora l ~lU lhn , " hel her Ihel' werc relalcd '<I I l"I ,I .lI1\'e III p l:llll (' ulli va rs or 

to genera l inirr.Kl ioll' " 'i th h(\,t plant:-. (-1<1 , :'\Il, X2) ;\l lh(1u!-, i1 11I<lbin)! 

behavior can cI'rr,' lalc' \\e ll w ilh cult i \a r rl!,i'ta l!l'C I ~ ~), Ih i, 111 ;1: ' 1)(11 alw:! , 's 

be the l'il\~ I( tI I T hus , Ihc l'<' is cOll\itlClJbk ,,'P(1" 1'111 111II-- i ll,12 chemical 

;tn;iIY,I\ "ti ll ,'1,', '111,.11 1 "L'< ) rd ill ~ 
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Lc af- ~lIlfac(' "()llI jlll,iliull 1l.1' 111I1.!': il,','11 I.1I111V 1l ill 1111111,'11''1' :1j1\11I1 ,,'l llill)!, 

\-'"r n:lIli plc, lil,' l1al'()llllid ).!lu"llsld,' phl,lIlI ill fll1ll1 'I"'L' I'" III lil,' apple 
!,,'IIII' M ol li s I ', ,ll'l'\lhill).! ,llllllllan: 1,"1111' ~H"'II ;ljl!'ic' II[1ill.l, ;\1,1111 1"'lIii, 1111\1 
Ihe appk ,"I:I''S aplii,1. 11'11" '1'(//('.11/,/1111/1 m\('r/IIIII IS I), bUI II liS ;t p]'(lhin)! 
,kh'nl'lll ", 11[1111.1, such :1, ,\ f , /'(,'11";, , ,lIId (lie \;11)2" A 1I1l'r1Call raspherry 

11J1'h ld, AIIl/ ,Ii,,, "I,II"!"'; ('gurli""i, ',, . II 111 ,' 11 ,I" 111 11 'Pl'l'I.tll/,' ,111 Ilj11'k (I02l. 
Olhn l,rc 'IIJ" ,,1 "(11111"'1111.1 ,<; il:;I,' h""11 IIl1l'lit';]ICd (1(" 77 1. hili 1\\11'1-. il<l,' 
111:lInly 1'\CI'11 dll 'c'lInt at Ill\.' ",,'\llldarv 1,11I 1II11([ ) h"'I, II Ith kll ' 111.11 ", 11f the 
pril11 al~ h" , I, C," P":I,'h, !'nll/i!.1 (: IIIII ·g, /.,I,I\) I 'e n l«(/ IIII' ,If /'0 '1/1 ''/ ' ' 11,\(1) . 

. \ o lal .."\lra( II,'1I .,1' I'lallt ti s, uc, , 111111" \h :II;1 ~: r":II " 1 r:/l1 )2 1' Ilf ,'PIlip' '11 I1lb is 

il1l'"h·nl. il1dudnt hl'rL' IS thl' al1 ll l1' ,I' "I \'XPI"""d ':IP, IK,' ill"" I1l1ks, 
SClllpuhlUS carl' is LI~I'1I til 1' lil1linal,' ,''' Il I.UI1 II1 "I'''' I, '"11' ,':/1111111 ,krllll' Ihc 
11rigin ,, 1 Ih,' l"lll1l"'l1llds l'hl' II "l i,' ;kld" 1'111'11,'111;\1'1, lilt' ":ill",,,lqlllllil' 
:leilh , \\~' rL' illl'l'sligatl'd ill lelWCl' "lIll11 ,II' '.U"·CI ' ilhk alld r,'\I.,1;111I I,) IiiI' 
icIlU c'C r"'(lt aphid, "('lIIlll1igliS Il/IrSI;,-ilil 1' (I" IiI(}I'\).o.:l'lli,' ~Il'ld I"\ 'l'h ;llId the 
:tc li vily Ll f phl·Il\lalanilll· ···al11llhllli:t has", ,! t-.ey CIlIIIII,~ ill Ihl' \1i(1sYIIIIll'sis (11 
such phL' l1ylprol'all(lids, correlaled II Ilh 1," 1,1,111,'(' III aphid , I:~ I) 

C"llllh lUlltlS i~(llal"d fnl111 1I'!lok II.'SU1' ,'r l" ' I'II'.,-,,,,1 S; IP C:1I1 hI' IOlcd hy 
ill('('Irpo r<JII(l1l i11l11 all artifici,t\ dici "nI'Jp-,ll l;llL'd 11\ :t sY llth,'lil' IIl l' I1lhral1l: 
Ihro.ugh IIhich aphid s can kcd ( IUO , lIl l ) Th i, :1J1l'roadl II:IS used III 
dem\)n~lr;lte kl'ding-dcterrell1 aCli\i i\ (11' IhL' 11,,\'011 -.1-(11 (alL'chill, :t I'rl'Ulrsor 
of r J,lf " phe ll(llic C()lllpounds Slich ii, Ihl' ,'1l11lk ll,,'d lalillill" :1~:lIIl'1 Ih,' ],(l'l' 
aphid , 11'/ (I (' r"si/,1I11111 U'S(/(' (117). Til l' 1,'\,'1, >1 t':th"'hlll ill hll,b fl()I1l,'ultil'ars 
(11' it, pri 1llar\' IlllSl g,'nus Rosa had pr,'\ ,"usi) ken 1(1111111 III c(1rr,:I:!ll' with 

rCdlll.:l'J feeding (95), 
h Olhioq:tllales and (lther C(lI11POlllllb ll',uliilli:! l'nll11 1':tt:lh"lislil 01 glucll­

sillola l":". Iypical compon,' nls of thl' CI·Uc'ti l'LIC. dlll'lll g d~II11"~" hale already 
hee" 1l1 ~ lIli(llled. This ehelilisll'), :tis, ) h:ts it \(lie' III sClllin)2 and C(lIOIlI/.alion. 
r or e"" ll l'ic, sin igrin (a ll ylglucIlSIncll:;I,·I. a pCJ II Clllllph:l~~(lstil1llllalit for Ihc 
cruclkr ~rccia!ists n, hr(lssioll' :Ind I . , ', 1 ,/Ill! , ,'(1 l1ld be' loic'ral,'d hv the 
p(ll ~ phago u ... AI . persicui' hut dClelT,'d Ih,' ,;. Hl(rll~'lkr feelkrs :\ . .Ii i/JU i' and A. 
p iSIUlI t I j 11. Becausc C(lnlact L'ilelllnSl' I1" ln' Illl eLICii,lIl s arc: illlplica lL'd al this 
stilgC , Ihe non\ 'olatilc g IIlL'()sifl()I ~II':' all' pI Qhabh 111\ (ll\e(\ dirl'dly. !Iowe\'­
er. the c' ll ,tl1{l li lL" Illi t! ht he til L' Il eII\ " ; I ~" ' j!i' h 1,'k:tSC ~II. ,1r ill Ihe \Icinily 
Ill', lhc a phid receptor Ilideed, lili(l ,!2 IIIL" "' ld ;hC e l1/)IlICS e:ll':lhk Ill' Il'ic'asillt! 
iSOlhl \)c,: Yll n;lte s arc I'ound ill both n 11 m " " ('(/(' (I) I) ,Ind L.. C/'rslllli (] I). 
Prefere nces in aphid fecding 111;1)' a!su OCl'II1 1',lt llll1 cruclCcr spccie ... US) al1(1 
euh i \' ; iI ' ~ 11 30 ). rcl ,lIed 1(1 I'in c dill"IC'lk'", III ~ l lIn" i lllllaI C I,'\,'b 

Ihd n )X ,lI lli e acid" panic lilalh ~' A-:li 1I"ll<l\y' 7-111,'1 liox ) -211- I ,-'1­

hen/:o:~;tz i ll- 3f 4 H ) , ()ne im rl1 L'O[l1. /('{; lI/,iI \ , a ~d (llher cereals. han: d,:­

1L-a:ri ll l!' \'fkc!, on tli e dC'vl'I"'l lillc:llr ,' I ,',' 1,' ;&1 :I l' llid, ... L1l·1i a' llie r() \L'-,!2 r;l in 

;'pl",!. ,~/ , r(lI .. /i"/J//l1I 1II d i r li (l ,//I11( \1 : I ' . > II 11 f'tl UIIl ls 111,\\ 111'1 .o.:c· J1 l· , :tl h ' ill 
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(il;ti llllll' ,Il' 11\\;I,',':Il') , 1~ ail1 ...1TIi" "I'liid (1)\) \( lIlie , lUdics have exaillined 
Iii,' hll,,'il"llll,',,: Ilh ll k "I' :11'1 lUll I I 1·1) i\ l'(lIIC\;lli (ln l1elwecn hydroxamic acid 
kl,'I, II' '( ' i,',11s ;/1 111 1\, ... ISI:II1Cl' 1<' I, I,,,'/i :111,1 III the gr'lin aphid. Sirohiflll 

</I,'U", iLl', ;Ih" l1el'll CI:III1l\'t! ( 7 , 1,1 i \ 1I'l\\ <:\'er, lurther work is needed 
h,',';\II,,' lit' ," 'II','I ;II!!"I I\'a' !'. 'u l\d hl'l\\l'l'll I·c,i ... lallce of dillcrelll mail<: 
lltlil\,II' I" lit,' ,','11\ k ;1 1 il Jlhh 1. 1{ /t I'I'<IIO,!IIJ!III1I1 II/(/Idl.l ((1). Feeding de ­
Il'I/,'li, \ "I l ii :I,~ tI ,I ' IIIl Il' , pll l'l lll it ,' ,IC ld 11\\II(llysi, products, and relaTcd 

l' lI lllJ"! III" I, \\ ,I' :iI,, ' 1I 1\·,'sti j.!.l lrc l 11 11 ,\111-: 11 illl" " 'I"" illill/l "ilhl"e COIlIJlOUllll, 
IIltcl ,III ,111111, 'I,d ,liei 171 1. .' \. !'/ I/I /l1 \\:\, lel'l Sl' IISili \'c , i\1. f l /'f.li"Ii" JIl­
1,'rlll,'.! " II,', 1111.1 S . . t: / , I/Il i ll/i/ll IlW'! S,'II Slli \·,'. p.tnicul:trly 10 cllagic acid . As :\ 

k"dn ,111 (;1i1 1\\1I11',I,', S . ,t: fd /lll/ 111/1l i, lik ch' !ll h<: poorl y adaplcd 10 dch.: n~c 

" ·.,1c'1I1\ 1'''\\',1 "11 11<>1: l' h e ll"iJ ~ -' , II hJ,'11 :111' IlIOI\' prLlnllllllCcd 111 other plan! 

1:111\ III", 
\':111<'"' ,"'1I\I (1 ll1ld , \\ Ilh :ml lil' l'd:llil d,'lll'll y have heell Idl'llIiiicd from'

1,1,1Ii1" 1':tIII<I1I,III\' \\ 11,'1,' Ihl' a l'hlei IS Ildal'led ill olhcr unrelaled specie.... 
'1'1 III , , ,'" ,'I:t! cillc' qX: l1 l'Qd ,Il'i,b II llh,' l:thd;llle el~I' s , e.g. I H-hydroxygrindclic 
ae'lei 11\111\ ()II 1 .11, / /t , IlIll IllS /I<l Il,\c'''.III.1 (C(lll1l'osililel. were very aClive agaillsl 
S ,(1(//1111111 111. "lIi(h IcL'cI, (111 phi lliS 111 Ih e C'r;lllline.le (135). AI ... o highly 
:1L'l1\(' ,I,,:tlllsl.\ gr,lIIli lll lll/ W~I S IIlI' Spil'll:lbietanc dil c rpelloid, pl eclrin, from 

Ih,' 1;1111,11,' I' j,','iI'ul/rhll.\ /><1 '/", 111,\ (S ')). 111l\\'e vc r, sO llie Gr:llllineae produce 
1"'1"111 ,kl,' II'I\ ,' ,'(l Jl1 P(111111Is, and 11ll' ;tlkalpid gr:lI11inc , produced in the gellUS 
f'!;/lI Ii!i I, I' ;Ii i :llliikl'U.tllt lur h\ll h S grall/il/IIII/ and N, I'adi (164). In grasses 

'1I"h (i' 1.,II i/, jIJ '1'1' alld FOi/I<<i '1'1'., fllil gal c lldoph ytes of grasses in the 
12l'III1S , \,,( " n"1111 1111 Pl'ldllC'1' \ ;tn llllS alklt111lds in c luding reramine. which 
1'1l'\'L III, -'11;\ I \: tI I) I .\ , gm 111 ;111/111 ( I ,~ I ). 

\\11<'11 Illdlll)ClI :ttetl illt" <In :lrtilil'lal diet , sevcr,iI [JllIClllially systemic 
qlliIWli/idll 1l' :t1k:tlo id, and Iht' Ind"lil,idinc alKaloid castanospermine were 
IllUlld 1" hl' (Jll llk,'dan{s lor A, piSll1ll (42). I !ow'cvcr, since aphids would be 
c.\I' ,'c lc,1 1, 1 k ' 111(11,: ! l' ; ld d ~ dl'll'll'Clt i'rom fecding on al1ificia! diet Ihan on 
(, lalli e, :1 r; /lI ;':,' II I' !:, " lh,T tI ;liII ,kcIL!1Ib II':IS (es!ed against M. flcrsicae when 
lil e,-= L'\ llll j'(1 l1 nds \\ ,' re c> j1 piicJ I,' le:l!' suri'aces (57), AI Illotlcrale application 
r;l lcs , ,,· \l'r :.t! or illl:~ ,'clillll\ lunds , ill c luding hydroxamic acids , lipophilic 
;Iilllde .... :tlld /J , lri ( ,u'h\1Il\ 1 cnmpoli llds, were inactive, as was the tetranor­
Iril e rpC ;lI1 ll t :I /,I,ilrad lli n I, n!:ltnl from the neclll tre c, AwdirochIU indic(I (14, 

SJ I lmlced . tllc: l.Jllcr "OInp,lumJ W:lS (lIlly active when presented in an 
:tnificlld dll' l ,ll1d :11 kwh Ihi,ll t.',luc,L·d phytotoxi city when aprlied systemica!­
Iy III 1' I:1l1 ls l 'i ·\ ), SI Ulhl" I'11;t , cri,', 01 qllasSin oids showed quassill to have 
", llll t.: ,Il Ii" il \ . hUI lhe 1I1<l ~>t :1,.: .... (, isobrucl'in A, was phytotoxic (129), 

o r { li l ' d rt ll1 :!IlC ;\OlI fc,' lhlllt ' (i:i!c'urc (,), ( -' J-polygodial from the waler­

pt.: l' pe r , /Ji ll, '-:,IJI III II //I'I lr(lpifn''' ' ;cdu,'"s se((lin g hy M. pasicue as well as Ihe 
;1('1 I1 I' ll i"" ,d lh,> Sl' lIl ip<:ISI, It: ll l h<': "l ~ 'cllow, virus and thc nonpe rsistent 
PI,I,il<' .... 111· 1 I'" I I h. ,III IClllTl' il l: II\' il: ' ... III LI lcs 011 a seril's or p lanl-deri \ied 
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(-)-polygodial, X=H 	 (+)-polygodial 

(- )-warburganal, X=OH 

/-1 t.:11I (' (I "';I I\l ~'I Ul C I) : ,h liU .Uh.' ;lllllk l ' ( i;lIl1" . 

;1I1 ei S\ IHlll' li l' (\ 11111:11\(.' . ( )-\\'arhurg ,lIl :iI 1'1'0 111 the East ,\fri l':11I Irel' W (/I' /JIII' , 

gill 11,1:(1 1' /' 1,<' ,hu wed lli ,l! ll aeli \ it y (4 ). IlIleresting ly, Ill e ,Y lllilclie 
L'Il:llllil)1 , . ,1\ go,li :iI h: lei Ilknt ica l aCli vily to 111;11 of till' n:ltur:i1 l'O Il1­
p<lilnd I'll e dn 1ll;lllt." "lso , hn w sOllle pll ytol nx il'i t y , hut IIll' pn,si hiii IY of 
sUl'h l'I 'i'l'c'[' IIHel kllll1; with ,c ltling \\'as eliminated hy rUllllin g par;l l\cl 

,!lIdie, 1I , ill g anil lcial dl ch . 
1:.\ILll't il )l l l)r I - 1-p"J ygndiill rmm f l, /i."(/i ·o/Ii/I('I' hy Il1l'a nS nf liq uci'icd 

l'arbnn dill \ ide \ Il'kkd 111<llcria l ror :t fie ld trial against the pcrsi-;(L'lltly 
tr:ln ,l11llted h:lr l,'\ \'d h1l.',' d warr viru" principally v'e ctored by R . /)(ldi . Ullder 
l'lllld ltlnl !' llr l1i )..: h !'l' 'i ;I nd di sl:: lse prc" ure, Ihree Iwo-\\ eek ly trea lll1Cnl'; nf 
( _j I',l\\-I!odial <II "n )..: 11" Illcre:IS(:d Ihe yicld hy ovcr I tOi l 'h:l, \\ 'hi ch was 
sinl il,l r II I Ih .11 :Ie hic \'rd h~ tl lC co n\\;ntilina l hro:ld-specl rll ill ill s('c lic itie l'\' l'e r­
Il h, thrll1 121 , 12 i I '\ ' \\ nh ~ I~ f, Ihe J rill1a ne anl ii'ceda nlS Ml' \1 ,,),\'llth,'si/ed 
1'1, )(/1 h me,\ ! P\I'lll,hn..;p il diL' , and investlgators arc artel11l'lill )..: In iso l:lle the 
ell /\ Ill ,.?'. P:llii l. lILtrh t! m"c ill vo lvcd in the cyc li7.ation real'1il'll that produ Ct:,; 
thl' d: i l11:lIK ,",'k ttlll \1 ,)iL:C lll :lr gl' ll l't IC., could he u\cd tn devc lor Ille,e 

illlll kc tiall t dkl i.' 13.\) 
The inJlile llCl' of the ,,1.11'111 phcromone on feedill g h<l ,' aho heen in­

\'l>ligatl' t1 /\I I\;ULlgh Ihe il1 ' ccts cnnt inue to probe (5~), pmbl' duratinn i ~ 
I,'duced I I ~ :<!,\tl <': lllpl\ ilil\l' hccn maUl: 10 ov~rc()i1le the L'XlrCllle \'ol.Il lllty 
or till l'll l!1I 'tl Uild h~ r fl ll luc ili g cleri\ ali'e..; Ihat would rek:lse th ,' pile rOIlHlfll' 
h> ~ II) \\ liL' l'() iI1l'l l'i tl'l ll Ilm\ cver, al tlH lt l ~ h such cOll lPOUfl Lis , huwcu anti , 
!t:c:.t til t ,,'-'IiI, Ii \. the 11,,) ,1 :I-: ti\',' \\er.: a seri c's or hig ll -IlH liccul.lr \\'\' 1.12111 
lILII\,:II , ." lh.!! \ 'L'iC III fact 1l1);lhk tit rl'\,' :I,e pl 1<' llllll(lll l: 11 2 ='" 11 1(" c 
Cl.lllll'CI,lr' I" ·,'. -'i~ :thu cl lec li ,,' ,t~'illl1'; I II"I I S ll1i ... sion (l! 11('1. :Int! '"_"IIIj',:" I' 

('I1 1'.J\ 11( '/\ I . 1·«JI .()(iY ( II ' :\I'IHllS x\ 

Il'll l Ill: llIt \' IIW;CS (<tlJ). <llld the nll,,1 acti\ 'e dni\:lli\' l' \\' a' u' l'd stlcl'c,sfulh 
\'l'lIo\\, d\\'arr \'irus trallSillis , ill ll il l the (i ,' lti I~i'\) 

P:1l1icularly dodecallllic 'Ie ilh , C:l 1I I'educl' ;'1) 111.1 'l' lIilllt: (III 
:\cL\uisitilltl (and thereh\ Ilan s llli",illn) " I "'nl il'l',,istcnl alHI 

l)l'I'I'Il'lll \irll SeS is also (iL-creased, hut i, in,'Il" I,,' d (>r IIll' Ill I IlI'L'I , i,tl' lIt 
Ihll:l l" \ illl , Y l llllikl' ( - l-pnly!!odial alld th l' ; li:lI'I11 ph,,!, lll11 11ll' dni\ 'ati \'l", 
lhl' I:III\' xid, \\\ 111 , 1(1\\' ly and idl".\\' ,: iru , tn Ill' Irall,llli lll'd bd" ll ' Ih\' ilph id 
i, dell'II,' d i'1'l111l kedin); , This l'fred is al sn o l"l'I'\'l'd \\ II 11 L'l' llilill ;Ij , hid ­
Il', I,Llllt PlIUt l) varieties (,\)1. NOlll'theiL'"" ulldn (1 ,'ld l'{11Iditi'1I1 " Iil l' 
;t1'1111L'i ltl (\ll u( dllllec:tnoic acid has bel'll SOllll'\\ il ;1I ,1Il'Cl',, 11I1 III I\'d ll"in!-! til" 
k\'cI III' /\ . /i1h(/(' l'oloni7.ation on sugar beL'! (7()1. ( 'L'I't:li ll In inl'l'al (III, :lIl' ill , (\ 
kll (l\\ 11 t(l redu e'l' aphid colnni/ation of plant , :llld \' inl , di"'iI'" 11:111'lllis'"ll l 
( 1(" 1,,\ 2) 

I'lIl'l' \\- ,\' llthL'!ic C(\Il1POllllUS C<lll a\sn indirectly arkl'l aphid ,'ilcillicti 
"l'"I(I)..:\· I'nr n al11ple , applil'atioll of herbicides (X(l) nr pl all! ).'\(\\\tl1 re!!ulil ­
1(11' (-I I) C:IIl reducL' aphid colonizatioll, the latl l' r proh ilhh /1\ illl1'l':I , ing lill' 
pel'lill hilrrier tn stylet penetration, Increascd Ievcl s nr 11l11'alL' c;tll.'cd red llced 
illlesl:I li nn nr S. gramillul1I nn barley . probabl y by L'<llI si ng ,Ill inLTl':tSL' ill the 
albluid gri lilline ( 137) , Also. the eflerts of air pollutinn, pilnic ularl y sllil'lll 
;11 1.1 nit l(\gl'n tiil)x ides . stimulate developme nt nr I~ . ./i1ho(' (.">). 

C<!/Iel /IS ions 

ThL' deillonstrati nn that aphids can respond to ll irat.'lm) l'lll''; 11\ nril'llt;lt ed 
Ill i'-ht in th c field is particularly exciting, Man y or IIll' rcccnt atiV:lnces 
ill vo lving aphid olfaction have been achieved by llleilll S nf sophisticated 
se nso r\' , chemical , and behavioral techniques rcquirin g clnsc interaction be-
1\\C'l' n [ill' scientific disciplines , The ruture may sec gre;ller li se or these 
appm.Khcs to illl'estigate aspects of aphid ehemie,ll CCO lllg\ in\'o lving g usla ­
Illr)' cue, . 

Lil f' ro 1lI/,(' Ciled 

I . 	 :\ Iikhan , ~ 1 ..\. 1960 . The e·\iX' rilllcnlal -'. I\ r~"l1d' ''l'', \ ' " 1.111:1. J. (; 
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"'rc~:i ficil ~ in a ph ytpphag ulh in sl.TI, R. llle (;j' h) drl ",lll IlC :h.: II.\-' in Ih.: Il.'''ii:-.­

"' phi, ./a/I('" S('or (.-\phididae : HOlllop­ l<!ll e\..' of Cc fI.: .1 I " In ~ Ip lll d , l )hY{(lcl/( ' llIi.\ · 

Ie' l al. All". Unil' . Mari(/(' Cllril'­ In' I 'i : I ('6 :'i (, ~ 

S<I"doH'.<ka Lllblin Seer . C 15; 11 7 - 4 . A·~; d\; t \\,:' . Y f). I\\" ' ''1. C. \V . ( i, i! ' 
q /'1111 " I) C .. l,d,d" ' ,'''Ii , \1 . I.;'( k 
,\ nucr.,on , ~ 1 . llromlcy,:\ . 1< . 19R7. 111 ;11" 1. J , Y , l'I ,d I 'I~)( ..\('11\'\1\ ,,1' 
Sen '" !",, ' ' ''e' in , SeC Ref. 9<). pro I.~ ,'- orim:tI}t' :J tUlln:d,trll, .!nti r..,; (alcd l:ll l1l­
( )2 .. r Oll nd ", ag J ill'll ;lpllld 'l. am! -':dlllp:lr ;III\C 

2 ... '\ rJ k,.k l, '\ . 19X9. I\ talm phcr"lllonc hiolol'l cal ..: 1 !t'th .!I1J ~ hnlth.:;d r l '; h.:I1\ 

I.. hllllll ~ ~Htad: and c:'\c ar)l.~ rc~rl)n:--~s in i'~ I;' f t· .1u.j . ,I p "I·. ~ lldlitl .I 
IhL ,ut!a, ('dl)~ \ \lHl ll y ;I phld. Cero /()I 'O­ (,I/('II/ 1 ,''' 1-' Ie' - ~ « 
l'IIItl IlllliJ.:(·f(/ ( il omt)pt~ r;t. 1)1..:lllpt,i gi· :'i . 1\\ ,:, I ) '\ . ( oi • • ~,: .. I ' . 1 11I~l'\ , \\ . 
.)01" .I 1'11,.'/ 7K l ')0 	 ~ 'I I '''' ' \1'" ' :1 ii".' "" 1"1,,' 11 II, ' 
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The cvolution of rl',i'I<t11c'l' III IIbCl'Iic'idc, :ll1d " c' :rric'ldl" hI :Inilmpod \ll','h 

can hc v iewcd and Silitlil,t! 11'<1 111 Iwo c'(ll1lr:I'liI1~ jll'r"p,'c'! 1I'c'S, ;\t <I rUIl­
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genc product ' (3, 22_ .1) ), SII11i1arly, P,lp"I;ltioll .'!l'l1c' l h.:, ' h h:IIC ( xplo ill'J 
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resistance gencs ilrc 11i--L"i\' tl' c'I ',,!I'( II 11lk' I' dilkrcill 1',:-!L'ldc l'\l'l',lIl\' re ­
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