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Ah,lral'l-I'il'l: calldidal~ ph~nlln\lll~ l'<'lllpnncms \Vc:n:iJc:mítied hy aualYlÍn~

I'hén>1l111l1~t!land ~xtraclS hy g.as chnllnatúgf'.lphy (GCl. ':úur1ed GC-d<Xtro­

;ll1téllllllgraphic d~tccti\lll (EA!)l. and C\lllplc:J GC-mass sp«trl)nlCtr:-' (MS):
li,'l-ll-h~xad~':clI\lI(I:"II-lo: OH), (ZH1-hl'xaJc:\:c:noHZlI-16:0H). (EH 1­

hc~uJccénul. (cH l-h~xUlkccnyl aCl'IUlC:.ami ~Z)-J.~Z)-O.(Z)..l}..Iri\"·<.\satril'~

(Z326,Z\)-23 : Hy). In dc:.:troaulennogrJ.m (EAG) recordings. synthetic Ell­

Iti: OH dicitc:u slrongc:r antc:nnul rc:sponsc:s at low doses !han othd' •..-anJiJ.;ue

pheromone components. FidJ tests demonstr:lled that synthetic- El 1-16 : OH as

a tf'.lp bait was effc:.:live in attr.icting males. whereas additiOltofZll-16:0H

inhibitc:d the males' response. Z326,Z9-23: Hy strOngiy enhanced anractive­

ness 01' EII-16: OH, bUI was not altractive by itsel[ A pheromooe bleod wiili

synergistic behavioral activity 01' an alcohol (EI1-16: OH) and hydrocarbon

(Z326,Z9-23: Hy) component is most unusual in the I...epidopter.L 1ñesyn­

thetic two-<:omponent pheromone is approximately 60 times more attr:ICti\'e than

¡he fem¡lle'l'ruJuc~J hlc:nd unJ might facilitllte the control of this pest.

*Tll whom corrésponJénl.'e sholllJ k aJdn:ss...J: e--mail: acabrerJ.@usb.,'e

2097



.!Ol)X

Kt'}" \\·ord:-'-;\'('(lft.'wllllldn d('-.;unfuiii. j,,:!Hd\)l'lI..TL \, ·r;\lldlld~¡L". ,"le.'.

phL"fllIJh ..HIC, 1 E)- 11-hL·.\;HjL"i...~1l{l1. 1L )- 3,\ Z )-1).( I j'')'[¡ il'll,.ltll,.::lL'. (/' )-11­

hC\J.J,:,,:Cn~il. GC·¡:.\D. luill.¡¡l),

The [OI11;J¡O t'ruit hl,rcr. ,\'eoft'lIclI/I)¡ln L'f",Ulllilli\ l! ,C¡lJd"jllC:ld: CI;lIl1hid;lt}. is

Ulle ()f ¡ht fl<lbt import;ull é(;()11l11111LJ1é~ls ()I ¡"!lI;llcl i /.\'C')/>(,I'.I/' '11111c'.Iclllell!llI,'¡)

crop> in ¡ropic;d South ,-\ll1Cf'ic;LClIrréIH c.:OIHf'uI l:ic.:lic.:>illl:llIdc Ircqllenl appli­

catiu!1s ut pestieide> (Rtis :.Jl1dSuu/a. Jl)l)(¡! ¡!la! may k;ld lO lhe de';;:;lopment

of inseClicide resiSlanCL:, lvlul'eover. ¡)!lee ¡arvae: llave ti1ltre:d I,he Iluit. fle,ticides

Jnd biulugicai control agellb are ineffccri\'c. I)tH~n)Jnl)I1~-h~I~,L'd!11~ltingdisrurtion

represents an alternatlve taetie to manage this pest insect hut requil'L'S idelltilleatiun

01' ¡he lemak-prOl.lueeu ~e.\ pheromllne. W<:;kno\\' lb;ll virglll km;t1es atlrael males

in ¡he helJ Uvliris el al., 1997 i. ~;nJ C.\lracts oI' abdominal lips Wilh plleromlme

glanJs from virgin females allract males in winJ [111111<:;]billa,says (Eiras,2(00).

Here we repon identificalion, electrophysilllogical ~tllllies. and lield experiments

01' sex pheromone componenls of N. r:!egallwlis.

\lETlJODS :\ND \l:\TI:RI,\I.S

¡Ilsen.\'. Tomato fruits infesteJ wi!h N. t'legwlla/is Iarvae \Vere elllleeted in

commercial [o mato crops in the states of Lar;¡ ami Araglla. Velle/llc);¡, ilml in Rio de

Janeiro, Brazil. Fruils WL:rekcpl in plasric contailll;rs nlllillarvat clllergL:d I'rollllhe

fruit to pupate, Adult insects \Vere maintained aecorJing to Eira, (2000). Duril1g

peak calling activity, abdominal tips with phcrornune glands 01' 2-to 3-day-oIJ

virgin female moths were removed and extraeteJ for 10-15 min in hexane. The

supernatant was withdmwn and stored in microeapillarics al -15 "C.

Chemical Analyses. Pheromone extracts \Vere subjceteJ to gas chromato­

graphic (GC) andcoupled GC-electroantennographie deteetion (EAD) analyses,

using a Hewlett Packard 5890A gas chromatograph equippcJ with fllsed silica

columns(30 m x 0.25 or0.32 mmID) coated with 08-5. 08-210, or D8-23 (J&W

Scienlific, Folsom, California). Fony female eqllivalents 01' pheromone gland ex­

traet were also analyzed bycoupled GC-mass speclrometry (MS), employing a

Perkin Elmer QMass-91O attaehed to aGC-Aulosystem 2000, equipped with a
DB-5column (25 m x 0.18 mm ID. Quadrex, New Huven. Conneclicut).

The posilion and geometry of a double hond in an EAD-<\ctive hexaúe­

cenol were determined by: (1) GC-EAD analyscs 01' sy11lhelic hexadcl.:cnols

(El 10 E14 and Z2to ZI4); (2) dcrivatizatiun o!' extraer wilh IIH:hluroperbellzoic

ucid (Bierl-Leonhardt et aL, 1980),_ followed by GC-MS analysis 01' Ihe result­

íng epoxide; and (3) acetylatiun ofpheromone cxtract with acelie anhydridc and
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pyridillc, ¡'uil\)\Vcd hy CC allaiy"cs lHP-ClC cquippcJ Wilh a SP-1L>OO-ú)~ltd
co!ul11n C'O 1Il x D.25 111111ID: Supdcl1, Bclkt"onte, Pennsy]vania)] \\ilh im­
proved chrolllatographic rt'~olutiol1 of the aCelylatcu alcohol anu symhctic ClCeWlc
st¡¡¡¡dards.

Elliuvi ••ul caliing. 1- nI' 2-ciay-nld kma!" X. t'ieguJI{u¡¡s \\'erc aJs,)rt>éd l)n:l
sol¡d-ph~is\.." !lliL'n~c:\[r:ll'lillll {,SPl\ll:) ribL't"\':o~ltcd \\'irh ~U{)¡inl ¡x..l1idirncthyl~ill..)\.­

~lI1e(Supcku). Thc liht.?rWlISt.?:\post.?dlO a kma!c during lhe elllirc calling pcnuJ
and \hC:lllksurhcJ .lt ¡he c:rpiliary injéClilln pun \270'0 01' ¡he Ge equippcJ Wilh'
colui11ns (-'O Il\ x D.2S IllI11 ID or 25 111x O. ¡S 111111ID; Quadrex. New HaVe!1.

[ion cluraclcrisl ies 11f lem¡de-prodllccd. ti hcr-Licsorbed COmpl)llndswcre comf'ared
wilh lhosc uf llUlhentic slalHbnls.

E!eCíro{ih\'si%g.\'. Ekclroantennogram (EAG) rcconlings were carricd out.
llsing a Synlcch EAG SYSICI11 (NL-1200 Bi'.l Hi!\crsum; The Nctherl:.mJs),
Five COl11pOllnJs(Ell-lo: OH, ZII-16: OH. El ¡-16 : O.-\c, El 1-16 :Ald. :lnd
Z3.Z'6,Z9-23 : Hy) al increJsing logarithmic doses (lOto 10° ng) were lested with
each ol' live 48- 10 72-hr-old male anrennae. An anlenna was stimulated by sub:­

jecting it lo pulfs (0.5 sec) of puriried and humidil1ed :.lir(1.5 literslmin) ddi\ered
through a Pasteur pipet (15 cm long), conlaiJ1ing a filler paper strip (l x 5 cm)
impregnateLl wilh 50 Id ol' a test solution. Air putfs fram an empl)' pipet. pipet
plus filter paper, or filter paper plus solvcnt served as control stimuli.

Syntflt'ses. (Z)-9,(2)- 12,(Z)-1 S-octadecatrien-I-ol (9l)lk) was symhóized
l'rommethyllino]enate al'terreduction with LiAIl-Lt.This alcohol was oxidized with
pyridinillt1l chlorochromale (PCO 10 atford (Z)-9,(Z)-12.(Z)-15-octadecatrienal
(9X%J. I/-l'clll y llllagnesiulll brolllidc \Vasadded tn a solmion l)f¡his alJchyJe in an­
hydrollS dher LO obtain 6-hyLlroxy-(Z)- 14,(Z)- 17,(Z)·20-tricosatriene. A salution
01' this COll1pOlllldin anhydrous pyridinc \Vas treateo \Vith methane sulfanyi chia­
ride (Kocovsky and Cerny, 1978). The obtaineLl mesylatc was rcduced with zinc
dust and sodium iodide (Kocovsky and Cemy, 1(78) to obtain (Z)-3.(Z)-6.(Z)-9­
lricosalriene. which \Vaspurified (>99%) by ftash silica column chromarography
using II-hexane as eluent. 1H NMR (ppm; ¿¡): 5.35 (m), 2.80 (t), 2.05 (in), 1 ''i
(m), 0.95 (t) 0.85 (t); EI-MS [mI;: (relative intensity)]: 79 (l00); 108 (98); 67(49);
93 (48); 262 (6); M+ 318 (2).

SOllrces of Calldidate Phervlllolle Compollellts. (E)-ll-He:(udecenol (EII­
16: OH) was obtained from lhe Research lnstitute for Plant Protection (IPO-OLO).

Wageningen, The Netherlands; (Z)-II-hexadecenol (Z11-16: OH) was. purchased
from Aldrich Chem. Co. (Milwaukee, Wisconsin); (E)-I l-hexadeceny1 acetate
(EII-16:0Ac) \Vas prepared by acetylation of EII-16:0H with acetic anhy­
dridt ano pyridine; (E)-l l-ht:xadecenal (Ell-16: Al) \Vas prepared by oxiJution
(Ir 1~II-hex:ld~l;~nol with P(,C in dil:hlll['t.)l1ll'th:me;(Z)-J,lZ)-6,lZ)-9-tril.'\.).,,~ltriene

. (23,Z6,Z9-23: Hy) was synlhesized as described above. All compounds were
>l)H'lo chcmicully pure.
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Field Experiments. Field experiments were conducted in commercial tomato
plantations in Aragua State. Venezuela. employing a complete randomized block
designo Water traps (Mirás et al.. 1997) were suspended ~ 1 111 above ground al
20-m inter,als and baited wilh red rubber sepIa (Aldrich Chemical Co .. Milwaukee.
\Vis·onsin. catalog No. Z12"+34-6) that \Vere Soxillct-exlracted with elhanal ror

24 hr. and impregnated with candidale pileromone components in HPLC-graJe
dichloromethane. Location. experimental period. and number ol' repiicales l'or
eachexperíment are reponed in the captions of Figures 3 ano 4- below.

Experíment 1 testcd trnps haitcd with El1-1 (¡ : OH (i mg) alllI í:i 1- \() : Ol-!

\i m~J.s¡ngÍ\· :1!ldin bin:lry l.Tl]l'h;I1:¡til1llal raí¡psol' 1: U.i :¡!1d ¡ : O.Oi !l1g.;)"Ivent­
impregnatcd mbb':r sepIa scrved as baits in eonlwl trilps. ¡~()Ihcxpl'1'il11cnts2 ami ,i
tesleJ traps baikd wilh t\H) \'irgin kmalcs or r11-·1(1: Oll (1 Illg). Expnillll'llI"1
!('SiL"] LT;lp~bai!cu wi!1lZ_'26.Z9-2.i : Hq lmg) or f-.'] 1- 1(1:Oll ( I l1i!!)singly. :illd
EII-16: OH (1 mg) in binary combinatiol1s with Z3./.(1.Z9-23: Hy (ll.()25. O.OS.
or 0.1 mg) and in penlcmary combinati()l1 with zr 1-16: OH (0.07 Illg). 1:'11­

16:Ald (0.02 mg), El 1-16: OAc (0.02 mg). anu n.26.29-23: Hy (0.04 mg) al
r;:¡tiosas detennined in pheromone gland extrae!. Experiment S tested traps baited
\\ith EII-16:0H (1 mg) in binary combinations witl1 EII-16: OAc (0.05 I11g).
Ell-16: Ald (0.05 mg). or Z3.26.29-23: Hy (0.05 mg). in temary combinalion
with Ell-16: OAc (O.OS mg). and E11-16: Ald (0.05 mg), and in quaternary
combination withE11-16: OAc (0.05 mg),EII-16: Ald (0.05 mg), andZ3.Z6.Z9­
23: Hy (0.05 mg). Experiment 6 tested traps baited with EII-16 : OH (Img) singly.
and in combination with 2326.29-23: Hy (0.05 mg).

Statistica/ Alla/YSÍs. ?vfultivaríate analvsis with the using Mann- Whitne)' test. í - ~
(SpiegeL 1991) was perfonned to analyze data from ¡-¡eldtests.

RESULTS

Pheromone Idcnt({icariol1. GC-EAD analysis of phcrol11onc gland cxtracls al'
femate N. dcgama/is fC\'caled six components lhat cliCited an antcnnal rcsponsc
(Figure 1), The most abundant ami EAD-active component 2 (Figure 1) was hy­
pothesizcd to be a hexadecenol. bascd 00 ils retcntion ínúices 011OB-5 (1865).
DB-21O (2078). and DB-23 (2406) columns. Position and geometry 01' the dOllble
bond was approximated by comparative Geand GC-EAD analyses of synthetic
hexadecenols. (E)-ll- and (E)-12-hexadecenol (El 1- and EI2-16: OH) had re­

tention times identical to, and EAD-activitycomparable with, female-prodllced 2',
Epoxidation (Bierl-Leonhardt et al.. 1980) of female-produced 2, and GC-MS
analysis of the epoxy alcohol revealed fragmentation iOl1sat mlz 99 and 199 (due
to a-cleavageof the epoxy group), eonfirmingthe double bond at C-II. GC-EAD
anaIyses of pheromone extraet on a DB-23 eolumn. which separates lhe E and
Z isomers. provided tentative e\'idence also for traee mnounts of the Z isomer.
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FI(,. l. Flamc ionizatiun detector (FlO) and eleetroanlennographie de lector (EAO: male

N. e!egall!al¡s anlcntla) rcsponses lo one female equivalenl 01' pheromCllle gland ex­
traet. chromatograph un a 08-5 column: temperalure program: IOO'C (] min) then
1O'C/min to 240'C. COf11pollndidenlity as follows: 1= (E)-II-hexadeeenal (EI1-! 6: Ald);

2 = (E)-II-hexadceenol (EII-16: OH): 3 = unknown: 4 = (E)-] l-hexadeeenyl acetate

(E 11-1 (i : OAc): 5 = llnknown: 6 = (Z)-3.(Z)-6.(Z)-9-tricosatnene (Z3. Z6. Z9-23 : Hy).
Note: GC-EAO analyses 01' phcromonc extraet on a 08-23 column. which separated E and

Z isomcrs nI' eandidate pheromone components. provided tentative evídence also for trace
amounts 01' (Z)-II-hexadeeenol (ZI ]-16: OH).

EI\D-uctivc 1 ,lIld 4 (Figure 1) were hypothesized and, through comparative

GC analyscs of uulhcnlic standards, confirmed to be EII-16:Ald (1) and EII­
16: 01\(; (4). Mass spcctrum amI relention indices of EAD-active 6 were indica­

tive 01' un triunsaturated Cn hydrocarbon, such as Z326.29-23: Hy (Bell and

Meinwald. 19Ró). Idcnlical rctcntion and mass spectrometric characteristics of an

authenlic standard and rcmale-produced 6 confirmed this structural assignment.

EAD-active compollnds J and 5occurred below detection thresholdofthe f1ame

ionizalion detector and are yet lo be identified.

In GC analyses of SPME-desorbed volaliles. smallamounts of ~11-16: OH
and Z32629-23: Hy could be detected.

Electrophysiology. Synthetic equivalents of candidate: pheromone compo­

nents evoked significant EAG responses. EII-160H was most EAG-activeand.

lInlike other test stil11uli. elicited >5 -mV EAG responses from male antennae

alrcady al a !O ng dose (Figure 2\. Zll-ló:OH. EII-16:0Ac. EII-16:Ald.
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FlG. 2.. Respon~cs by ma\c N. dcgalllalis antcnnac in e1cctro¡¡ntcnnogrmn ~EAG) rccordings
to im:re:LSingamounts of lhe c::mdidate phcmmonc compollcnts; compound numcnclalure
as in Figure!.

andZ3.z6.z9-23: Hy requireddosesoflQ4~ HP, 102, and 105 ng, respectively, to
induce EAG voltagesgreater than ÚlOseof control stimuli (Figure 2).

Field TesIs. Traps baited with EII-16: OH captured significant numbers of
male moths (Figure 3. experiment 1).ZII-16: OH, in contrasto was not attractive
and. when added to EIl-16: OH. strongly reduced captures of males. Traps baited



2103

w
U)
+

IX

Exp. 1

E11-16:0H (l1g)
Z11-16:0H (¡lg)

1,'-,.

99 99

Exp.3

e

E11-16:0H (119)

2 virgin females

Treatments

foIG.), Captures of male N. e1eganta/is in experiments 1-3 in water traps baited wilh two
virgin female N. elegalltalis ar cam.lidate pheromone components singly and in various

combinations. Experiment 1: Casablanca. Aragua State:' October 16-December l. 1996;

four replicates. Experil11ent 2: Casablanca. Aragua State; December 5-19, 1996: 7 repli­

cates. Experiment 3: t."lúcura. Aragua State: February 15-20, 1997; 4 replicates. In each

experimento bars with the same ¡eHer superscript are not signiticantiy different.P > 0.05.

with EII-16: OH at I mg capturcd more males than those baited with two virgin
remale lTloths (rigure 3, experiments 2, ano 3). Z3.Z6,29-23 ; Hy enhanced attrac­
tivcnes.s nf Ell-11 : OH. but was nol attractive by itc;elf (Figure 4, experiment
4). I~'II-l(): OH plus Z3,Z6.l9-23; Hywas the most attractiveblendamongsev­
eral two-, threc-, or four-component blenos of candidate pheromone components
(Figure 4, cxpcrimcnt 5). Syncrgistic activity of Z3,Z6,Z9-23: Hy wac¡confirmed
in cxperiment 6 (Figure 4).

DlSCUSSTON

OUTdata show that El 1-16: OH and Z3,Z6.29-23: Hy are sex pheromone
. components in N. ele81111talis. Evidence in support of this conc1usion ineludes
lhe following: (1) bolh compoumls were present and EAD-active in pheromone
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Exp.5

FlG. ~. Captures of male N. elf'!!antalis in experiments 4-6 in water lraps bailcd with
~'3ndilk1tc:phctomone ~"\lmponcnls:;ing.ly and in variolls ctllllhillaliolls. Expcrillll'lIl 4: Pao
de Zárale. Arag.uaSt:ltc June 2J-Augu:;t 3. 1998: 5 rcplicates. Experimcnt 5: Valle de
Tucutunemo. Aragua State: Fcbruaty 5-Man:h 26. 1999: 5 replicates. Experiment 6: Pao

de Zárate. Aragua State: luly 3-25. 2000. lO replicates. In each experimento hars with the
$3\11eIettersuperscript are not significantly dilTerent. P > 0.05.
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gl:IIHIcxlracls :¡IHll'!ílu\'iuIllS nI' remalc moths íFigure 1): (2) identifications were
h:lscd on CllIlIp:¡r;¡li\,c eje, (JC-iv¡S, and GC-EAD analyses nf female-produced
C<lIl1pounds;md aUlhcnlic st:lf1uards: (3) both compounds eJicited stronger anten­
i1;d ICSpOIl'.,cSIrolT! illak alllcnnae in EAG rccordings lhan Jíd control stimuli

(Figure 2): anu (4) hknus Ilf El 1-]6: OH anu 23.Z6.Z9-23: Hy attracted signif­
icanl nlllllbers \)f males (Figure ..1-).El 1-16: OH is lhe majar pheromone com­
pOllen!. bccllIse it wa~ lllO~1abundant in g!and extructs (Figure 1). elicited the
slrollgC<;[ E¡\C rcs!10nse al low Joses (10 or 100 ng) (Figure 2). ando unlike
;::;Z(].z()-2.~ : Hy. \\;lS attraclive by ilseif as a bait (Figures 3 and 4).

n 1-1 (, : ()!! has :liso hccn idcntiflcd as a sex pheromone component in other
/l10Ihs. Ir is lhc m'lIm pherornone component 01' lhe pod worm, Leucinodes 01'­

1}()lIl1lis U.hu el :¡I.. I(]x7: Atlyga!!e el al.. 1988). and a minor pheromone component
oí' I'c!lJ:¡JcpíckJcwonns lJiofJÍ¡ollia hyaiillata and D. Ilitidalis (Raina et al., 1986;
Klun el al.. 1SlXÓ). It was also present in pheromone gland extracts of eggfruit
caterpillar. Scelimlcs corr!alis (Clearwater et al.. 1986) and of sugareane bofer.
SesoJllia griscscclIs (Whittle el al.. 1995), but behavioral aetivity of EI1-16; OH
in lhese l\Vo specics is yct to be determined.

Zl.~(]]9-21: Ily is reported hcrc forthe flrsl lime as a sex pheromoneeompo­
Ilcnl in Ihe Lcpidoj1tera. While it was identified as a trace component in pheromone
glands of lhe arcliid moth Crcatol10(OS gallJ?is (Bell and Meinwald, 1986), be­
havioral aClivity was not dctermincd. A sex pheromone blend with synergistie
behavioral activity hetwecn a triene hydrocarbon (Z3,26.Z9-23: Hy) and an al­
cohol (EII-16: OH). as demonstrated in our study. is most unusual. Most triene
hydrocarbons as pheromone components in the Lepidoptera are either attraetive
by themselves (Millar et al.. [992) or serve as synergists of corresponding diene
epoxides (Tóth et al.. 1994).

Further compounds (Zl 1-16: OH. EII-16: Ald. Ell-16: OAe) in pher~
omone gland extraets of female N. elegalltalis seem to have no pheromonal activity.
This conclusion is based on their low EAG activity at low doses (Figure 2) and/or
lack of attractiveness in field experiments. The role of ZI1-16; OH is interesting.
Its low EAG activity but strong behavioral inhibition at a low dose (Figures 2andJ)
suggesl,> that mate-seeking males may select callingJemales based on thepres­
ence 01' absence of ZII-16: OH in the pheromone efftuvium; providinga basis

rol' a highly cflicient system 01' sexual selection (Jaffe. 1996. 1998; 1999). as only
very lit females would produce EII-16: OH with smal! amountsofZll-16:0H­
Altcrnatively, ZII-16;OH may serveac; abifunctionalpheromone:component
(Linn and Roclofs, 1995) in asympatric species to enhancethe specificity -ofthe
cOll1munication signal. although no such sympatric species is known.

The two-component pheromone blend of El 1-16: OH andZJ,Z6,Z9-2T: Hy
sccms to work as a sllpemormal stimulus (Tinbergen and Perdeck •.1950). as iris
approximately ÓO times more attractive than the natural pheromone blendemitted
hy lhe rcmalcs (Expcrimenrs 3 and 4, in Figures 3 and 4, respectively).
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