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Abstract—Herbivore-inducedplant volatiles canfunction asindirect defense
signalsthatattractnaturalenemief herbivores.Severalparasitoidsareknovn
to exploit theseplant-pravided cuesto locatetheir hosts.One suchparasitoid
is the generalistCotesiamanminiventris which is, amongothers,attractedto
maizevolatilesinducedby caterpillardamageMaize plantscanbeinducedto
producethe sameblend of attractie volatiles by treatingthemwith regurgi-
tantof Spodoptea speciesWe collectedandanalyzedhe regurgitant-induced
emission®f two plantspeciegconvpeaandmaize)andof eightMexicanmaize
varietiesandfoundsignificantdifferencesimongheirvolatileemissionshothin
termsof total quantityandthequality of theblendsIn aY-tubeolfactometerthe
odorsof the sameartificially inducedplantspeciesandMexicanvarietieswere
offeredin dualchoiceexperimentgo naive matedfemalesof C. maminiventris
Waspspreferredcowpeaover maizeodorand,in 3 of 12 combinationswith the
maizevarieties they shaved a preferencdor the odorsof oneof the varieties.
A comparisornof the odor collectionwith resultsfrom the behaioral assays
indicateghatnotonly thequantityof thevolatile emissionsbut alsothequality
(compositionpf thevolatile blendsis importantfor attractionof C. mamginiven-
tris. Theresultsarediscussedn the context of the possibility of breedingcrop
varietiesthatareparticularlyattractve to parasitoids.

Key Words—Inducedplantvolatiles,parasitoidplfactometerCotesiamargin-

iventris, Spodopted littoralis, Zeamays Vigna unguiculata parasitoidattrac-
tion, odorvariability.
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INTRODUCTION

Herbivore-induceddorshave beensuggestedo benefitplantsin differentways
(VetandDicke, 1992;TurlingsandBenrey, 1998;Sabelisetal., 1999;Dicke and
van Loon, 2000).Over the last 15 years,it hasbecomeevidentthattheseodors
areimportantfor theattractionof naturalenemiego themicrohabitabof theirprey
(e.g.,Dicke et al., 1990a;Turlingset al., 1990a;Steinbeg et al., 1993;Du et al.,
1998; Roseet al., 1998). The blend of odorsreleasedy plantsafter herbiore
attackis variable,dependingon the plant (speciesandvariety) andthe herbivore
thatfeedsonit, althoughsomecompoundsrecommonto mary inducedblends
(for reviews seeDicke, 1994,1999).1t is known that Europearmaizevarieties
andtheirwild ancestorsliffer considerablyn quality andquantityof odorsif in-
ducedto producevolatilesby treatingscratchedeaves with Spodoptea littor alis
(LepidopteraNoctuidae)egumitant(Gouingue# et al., 2001).We definediffer-
encesn the quality of the odor blendsasdifferencedn the presencef specific
compoundsn theblendandor the proportionsamongcompoundsThis variation
amongmaizevarietiescould have importantconsequencdsr pestmanagement,
asbiologicalcontrolmaybe moreeffective for varietiesthatarehighly attractve
to naturalenemiesThis may be particularlytrue for countriesin Latin America
wherethemajorpestof maizeareleaf-feedingSpodoptesi caterpillargfor review
seeAndrews, 1988).

Young Spodoptea caterpillarscan be parasitizedby Cotesiamarginiven-
tris (HymenopteraBraconidae)a commonsolitary endoparasitoidhat attacks
Lepidopteranlarvae during the first and secondinstar (Jalali et al., 1987).
C.maminiventrisfemalesarestronglyattractedy theodorsemittedoy caterpillar
damagedmaize seedlinggTurlings et al., 1990a,1991a)and spendmoretime
on caterpillardamagedlantsthan on artificially damagecdr unattacled plants
(Loke et al., 1983).Maize plantsinfestedwith a Spodoptea larva parasitizedy
C. maminiventrisproducemoreseedghanplantsinfestedwith ahealthycaterpil-
lar (FritzscheHoballahand Turlings, 2001), which could translateinto a higher
yield for maizecultivarsthatareparticularlyattractie to the parasitoid Hencejit
seemgmportantto know which factorsdeterminghe attractvenesf thecrop.

Herewereportonhow differencesn inducedvolatileemissionamongdiffer-
entplantgenotypesnayaffecttheattractvenesof thesegenotypeso parasitoids.
We first comparedhe emission®f maizeandcowpeaandtheir attractvenesdo
C. maminiventris The former plant speciess known to releasdarge amounts
of inducedvolatiles (e.g., Turlings et al., 1998), while the latter releasegela-
tively little, but canbe quite attractive (WhitmanandEller, 1990).Furthermore,
we investigatedthe attractvenessof eight Mexican maize cultivars. In Y-tube
olfactometernaive C. maminiventrisfemaleswereoffereda choicebetweerthe
odorsof thetwo respectie plantspecie®r 12 pairedcombination®f theMexican
maizevarieties.Comparisorof the resultsfrom thesebehaioral assaywith the



odor blendsthat were collectedfrom the variousplantsrevealedthat for naive
waspsattractvenesss not simply a matterof quantity of volatiles, but that the
quality of theblendis importantaswell.

METHODSAND MATERIALS

GrowingandTreatmenbf Plants Plantsusedin all experimentaveregrown
in plasticpots(6 cm high, 8 cm diam.)in fertilized commercialsoil (Coop)in a
climatechamber(23°C, 60%relative humidity, and16L:8D, 50,000lumens/m).
Two-week-old Vigna unguiculata (var. kpodii-gugyue, obtained from 1ITA)
Africa) and 10-day old Zea mays (var. Delprim and varieties obtainedfrom
CIMMYT, Tablel) plantswere usedfor the experiments.To inducethe plants
to producevolatiles,we scratchedwo leaves (the secondandthird leaf of maize
and first and secondof cowpea) of eachplant with a razor blade (an areaof
2—4 cré/leaf) and subsequentlyapplied on eachdamagedsite 10 ul of regur-
gitant. Regurgitant was collectedfrom fourth andfifth instarS. littoralis cater
pillars (for the method,seeTurlings et al., 1993a)andkeptat —70°C until just
before utilization. After treatment,plantswere placedfor 5 hr (plant species)
and6 hr (varieties)underthreefluorescentamps(Sylvaniastandard-36W 133-
T8 cool white, 5000 lumens/m at pot height), beforethey were usedfor the
volatile collection and olfactometerexperiments.lt is known that 56 hr after
treatmentornplantsemitrelatively largequantitiesof inducedvolatiles(Turlings
etal., 1998).

Insects S.littoralis caterpillarsandeggsweresuppliedweekly by Syngenta
(Stein, Switzerland).Eggswere incubatedin Petridishes(9 cm diam., 1.5 cm
high) on moistfilter paper Emegedcaterpillarswerefed with artificial dietand
keptin plastic-boxs(15 x 9 x 5 cm) underambientlaboratoryconditions.This
non-natve hostcauses similarreactionin plantsasthenaturalhostS.frugipera
(FritzscheHoballah,unpublishedata).

TABLE 1. VARIETY NUMBER, NAME, ORIGIN, AND SEED COLOR OF 8 MEXICAN CORN
VARIETIES USED FOR VOLATILE COLLECTION AND CHOICE EXPERIMENTS

Variety Name Origin, seeds color
1 Its 2 Sint. A1# Bulk PR-99-A 761-A yellow
2 Its 2 Sint. A1# Bulk PR-99-A 761-B white
3 Its 2 Sint. B3# Bulk PR-99-A 761-B white
4 Its 2 Sint. A1# Bulk PR-98-B 5766-A yellow
5 Its 2 Sint. B1# Bulk PR-98-B 5766-B white
6 P36 C9 HC60-B-1-BBBBBBBBB-2 CL-03618 PR-99 A 402-16 yellow
7 CML287(P24F26*P27F1)-4-1-B-1-1-BB-F-####-BBB PR-98 A 479-11 yellow
8 CL-00331SINT.AM.TSR-23-3-2-3-2-BB-F-##-B-B CML413 PR-98 A 474-16 yellow




Thesolitaryendoparasitoi@€. marginiventristhatwasusedn theexperiments
originatedfrom the USDA-ARS, Biological ControlandMassRearingResearch
Unit. For the rearingof parasitoids25 young caterpillars(3—4 daysold) were
offeredto a singlematedfemale(4—7 daysold) for 3 hr in a plasticbox (9.5cm
diam., 5 cm high). The caterpillarswere further rearedon artificial diet in an
incubaton(25°C and16L:8D) until cocoonformation.Cocoonsverekeptin Petri
disheauntil adultemegence Emeging adultsweresexed andkeptin cageq30 x
30 x 30cm)atamale—femaleatioof 1:2,with distilledwateroncottonandhoney
asafood source.The cageswerekeptin the laboratoryunderambientlight and
temperatureonditions.

\olatile Collection After treatmentandlight exposure plantswere placed
in a climatechambe{CMP4030,Corviron, Winnipey, Canadajandthe emitted
volatileswerecollected.The climatechambemwas programmedit 20°C andwith
alight intensity of 14,500lumens/m (light provided by 28 lamps,16 Sylvania
150-WVHO Cool White and12 Sylvanial00-W Satin).Volatileswerecollected
from six plantssimultaneouslyn anautomatedollectionsystemasdescribedy
Heathand Manukian(1992)and Turlings et al. (1998). Glasscylinders(9.5cm
diam.,54 cm high) wereplacedover the plantsandrestedon a Teflondisk con-
sistingof two halveswith a holein the middle for the stemof the plant. Air was
pushed liter/min) througha charcoafilter andintroducedfrom thetop of each
cylinder over the plants.SuperQ traps(25 mg, 80/100mesh,Alltech, Deerfield
State)wereattachedaterallyatthebaseof eachcylinder. Trapswereconnectedo
anautomatedolatilecollectionsystem{ASU, ARS, Gainesville Florida)through
whichtheairwaspulledoutat0.8liters/minduring2 hr. Thecollectionperiodwas
programmedvith the useof the software TESS(Version1.0, ARS, Gainesville,
Florida).After eachcollection,volatileswereextractedfrom thetrapswith 150 ul
methylenechloride,and200 ng of n-octaneandnoryl acetatevereaddedasin-
ternal standardsAliquots (3 ul) of the sampleswvereinjectedon column,with
anautomatednjection systeminto a Hewlett PackardmodelHP 6890gaschro-
matographequippedwith a flameionizationdetector The apolarEC-1 capillary
column(30m x 0.25mm D, 0.25um film thicknessAlltech Associateswas
heldat50°C for 3 min andthenprogramme@t8°C perminto 230°C, whereit was
maintainedor 9.5min. The columnwas precededy a deactvatedretentiongap
(10m x 0.25mm D, Conn&) andadeactvatedprecolumn(30cm x 0.530mm
ID, Conne). Helium (24 cm/sec)was usedascarriergas.We collectedandana-
lyzedtheodorof treateccowpeaandmaizeplants(N = 6) aswell asof 8 Mexican
varieties(N = 5for eachvariety).Hewlett PackardGC Chemstatiorsoftwarewas
usedto quantify all major componentdy comparisorto the known quantity of
internalstandarddnitial identificationof mostcompoundsvas basedn compar
isonsof retentiontimesfrom previous studies(Turlings et al., 1998; Bernasconi
etal., 1998).Conformationof identity by comparisorof retentiontimeswith the
syntheticsampleswas obtainedfor nerolidol (Fluka), (E)-8-farnesengDenka



International) geraryl acetatgFluka), (Z)-3-hexenol (Fluka), (Z)-3-hexenyl ac-
etate(Sigma),linalool (Fluka), indole (Fluka), and 8-myrcene(Sigma).A few
compoundsvereidentifiedonly with theuseof theWiley library aftermassspec-
trometryanalysis(Agilent 5973, transferline 230°C, source230°C, quadrupole
150°C, ionizationpotential70 eV, scanrange0—400amu).Thesecompoundsre
2-hexenol,g-sesquiphellandreng;bisaboleneandcycloisosatvenef-ylangene.
Theseidentificationsareregardedastentatve andare marked assuchin there-
mainderof thetext.

ANOVA and Student-Nevman-Keuls post-hoctest were usedto compare
thetotal quantityof volatilesemittedamongvarieties(dataln-transformed)The
Mann-Whitng testwas usedto comparedifferencedn total emissiondetween
plant speciesandamongsingle compoundsmittedby the differentspeciesand
plantvarieties. Testswerecarriedout with the programSPSS10.0for Windows.

ChoiceExperimentsA Y-shapedlfactometewas usedto testtheattractve-
nessf plantodorsto C. maminiventrisfemalesThesystempasednadesigrby
SabelisandVan de Baan(1983),consistef a centraltube(13.5cmlong, 4 cm
diam.)andtwo lateralarms(12 cmlong, 4 cm diam.)endingwith a glassfrit (to
createa homogeneouasirflow andto prevent escapeof testinsects).The lateral
armstaperedff into 0.5-cmtubesto which Teflontubingwas connectedTeflon
tubeswere usedto introducethe odorsinto the Y-tube. To limit visual distrac-
tionsfor theinsectsthe Y-tubeolfactometewas placedinsidea white paperbox,
which was openon top (for illumination) andon the front side (for obsenation).
An office lamp (60 W, 750lumens/m) illuminatedthe olfactometerA blackand
white stripedpatternfor visual orientationwas placedunderthe Y-tube.Plants,
treatedandincubatedn the sameway as for volatile collections wereplacedin
plasticbagsthat were thenheat-sealeddumidified and purified (with activated
charcoal)air was pushednto eachbagvia Teflontubingandairtight connectors
at pot height. The air passedver the plantsandinto the Teflontubesconnected
with thearmsof theolfactometert arateof 0.8liters/min.

Waspswereusedonly onetime andreleasedingly atthe baseof thecentral
arm of the Y-tube.In a first experiment,they were offeredthe odor of induced
cowvpeaandmaize(var. Delprim).In subsequergxperimentsthey hadthechoice
betweertheodorof two differentinducedViexicanmaizevarieties. Twelve of the
36 possiblecombination®f theeightMexicanvarietieswererandomlychoserfor
thesetests.It was not our goalto determinewhich of the eightvarietieswerethe
mostattractie, butto establishf only thequantityor alsothequality of theblends
wereimportantfor theattractionof C. marginiventris Naive (no experiencewith
hostsor plants)waspswere placedindividually in the baseof the olfactometer
andobsenedfor 10 min. If awaspdid not make a choiceafterthis period,it was
removed andrecordedasa “no choice’. Waspsthatwalked to the endof oneof
thearmsandstayedthereat least5 secswererecordedashaving madea choice
for the odorofferedthroughthatarm. After four to seven individualsweretested,



the olfactometemvas turnedsuchthatthe directionof the armswas reversedand
anotherfour to seven waspsweretested Eachcombinationof odor sourceswas
testedsix to ninetimeswith differentplantsandon differentdays.Eachtime the
positionof the two differentodor sourceswas switched.A minimum of 67 and
maximumof 94 waspsweretestedn the 12 combination®f maizeodorsources.

A binomial testwas usedto determinesignificantpreferencegor an odor.
The numberof waspsthat chosethe highestand lowestvolatile emitting maize
varietieson eachexperimentalday was comparedwith a Wilcoxon signedrank
test. This testwas carriedout usingdataof all experimentaldaysto determinef
the quantity(regardlesof quality) of the odorwas importantfor the attractionof
thewasps.

RESULTS

\olatile Collection Thetwo plantspeciescowpeaandmaize,differeddra-
matically in the quantitiesof volatiles emitted (Figure 1). The total amountof
volatiles collectedduring the experimentwas almost53 times higherin maize
(414135+ 4602 ng/2 hr) thanin cowpea(77.9 + 20.9 ng/2hr) (N = 6, Mann-
Whitney test: P = 0.004, Z = —2.882). The two plant speciegeleasedseveral
identicalcompoundshut cowpeadid notreleasdenzylacetatephenethyhbcetate,
1-H-indole, (E)-B-caryophyllene,” 8-sesquiphellandrerie,or (E, E)-4,8,12-
trimethyl-1,3,7,11-tridecatetraerandit releaseanly tracesof (Z)-3-hexenyl ac-
etate (E)-B-ocimenepn-(E)-beigamotene(E)-B-farnesene;, 8-bisabolené,and
nerolidol (Figurel). In contrastcowpeaemittedconsiderabl@amountsf (E)-2-
hexenalandsignificantlymore(Z)-3-hexenolthanmaizeplants(Figure1).

Among the Mexican maizevarietieswe alsofound differencesn the total
amountsf volatilescollected N = 5,ANOVA: df = 7, F = 10.589,P < 0.001,
Figure 2). Variety 1 emitted 14 times morethanvariety 8 (Figure 2). We com-
paredthe emissionsof volatilesfor the varietiesthat were shaovn to be differ-
entially attractve to C. mamginiventris (seebelow). Variety 4 releasedsignif-
icantly more (Z)-3-hexenal,(Z)-3-hexenol, andphenethylacetate¢hanvariety 7
(Figure3A). Variety 4 did not releasegeralyl acetateor (E)-B8-ocimeneandva-
riety 7 did not releasé‘'cycloisosatvenek-ylangene’or “ 8-sesquiphellandrene”
(Figure 3A). Variety 1 releasedsignificantly more (Z)-3-hexenyl acetate(E)-
4,8-dimethyl-1,3,7-nonatrienbenzylacetatephenethyhbcetategeraryl acetate,
and“cycloisosatvenek-ylangene”thanvariety 6 (Figure 3B). Variety 6 did not
release(Z)-3-hexenyl acetate(E)-g-ocimene,benzylacetatepr phenethylac-
etate(Figure 3B). Variety 1 releasedsignificantly morelinalool, benzylacetate,
phenethyl acetate, 1-H-indole, geraryl acetate, a-(E)-beigamotene, (E)-8-
farneseneand* g-sesquiphellandrenghanvariety 5 (Figure 3C). Variety 5 did
not produce‘cycloisosatvenef-ylangene”(Figure3C).
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Fic. 1. Meanamount(+SE) of volatiles collectedfrom cowpeaand maize plantsthat
wereartificially damagedndtreatedwith regurgitantof Spodopted littor alis caterpillars.
Collectionsstarted hr aftertreatmentndlasted? hr. Asterisksabove barsindicatesignif-

icantdifferencegfMann-Whitne test(two-tailed):*P < 0.05,* P < 0.005)in releaseof

a specificcompoundsThe compoundsare: 1, 1-(Z)-3-hexenal; 2, (E)-2-hexenal; 3, (2)-

3-hexenol; 4,“2—hexenol”; 5, B-myrcene;6, (Z)-3-hexenyl acetatey, (E)-B-ocimene;8,

linalool; 9, (E)-4,8-dimethyl-1,3,7-nonatriend0, benzylacetate;]11, phenethylacetate;
12, 1-H-indole;13, geraryl acetate]14, (E)-B-caryophyllenel5, (E)-a-bergamotenelb,

(E)-B-farnesenet 7, “ B-bisabolene”18, “ B-sesquiphellandrenel, nerolidol;20, (E, E)-

4,8,12-trimethyl-1,3,7,11-tridecatetraefg@mpoundswithin quotationmarksweretenta-
tively identifiedby comparisorof their MS-spectrawith thoseof the Wiley library).

ChoiceExperimentsCowpeaodorswere more attractize to Cotesiamarg-
iniventristhanmaizeodors(Binomialtest,P = 0.007,Figure4). The parasitoids
shavedonly apreferencén 3 of the 12 combination®of Mexicanmaizevarieties
tested(Figure4). In onecase(var. 1 vs. var. 5), the waspswere attractedto the
variety releasingmore volatiles (Figures2, 3C, and 4). However, in two cases
(var. 4vs.var. 7 andvar. 1vs.var. 6), thevarietiegestedeleasedhesameamounts
of volatiles(Figures2, 3A,B, and4), andthe preferencanusthave beendueto a
differencein odorquality.

Thenumberofwaspsneachexperimentatay(89experimentatiaysin total)
choosingthe higheremittingmaizevarietyonthatday (meant SEwasps4.6 +
0.25)was comparedvith thenumberof waspson eachexperimentablaychoosing
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Fic.2. Meanamoun{+SE)of volatilescollectedromdifferentvarietiesof maizeseedlings
(10 daysold) that were artificially damagedand treatedwith regurgitant of Spodopteat

littoralis caterpillars.Volatileswere collected6 hr aftertreatmentfor 2 hr. Lettersabove

barsindicatesignificantdifferencebetweervarietiesn thetotalamounteleasedStudent-
Newman-KeulsposthoctestafterANOVA: df = 7, F = 10.589 P < 0.001).

thelower emittingmaizevariety (3.8 £+ 0.24 wasps) It revealeda maginally sig-
nificant preferencefor the variety that emits larger amounts of volatiles
offered in the dual choice test (Wilcoxon signedrank test: P = 0.045 Z =
—2.008).

FiG. 3. Mean amount£SE) of individual compounds collected from maize varieties that
were artificially damaged and treated with regurgitaniSpbdoptera littoraliscaterpil-

lars. Collections started 6 hr after treatment and lasted 2 hr. Asterisks above bars indicate
significant differences (Mann-Whitney test (two-tailetlf. < 0.05, **P < 0.005, **P <
0.001), between the two plant varieties (A: between varieties 4 and 7, B: 1 and 6,
and C: 1 and 5). The compounds afie:1-(Z)-3-hexenal;2, (E)-2-hexenal;3, (Z)-3-
hexenol;4, B-myrcene;5, (Z)-3-hexenyl acetate, (E)-g-ocimene;7, linalool; 8, (E)-
4,8-dimethyl-1,3,7-nonatrien®, benzyl acetatel0, phenethyl acetatell1, 1-H-indole;

12, geranyl acetatel3, “cycloisosativene/-ylangene”; 14, (E)-B-caryophyllene;15,
(E)-a-bergamotenel 6, (E)-B-farnesenel?, “B-sesquiphellandrene’8, (E,E)-4,8,12-
trimethyl-1,3,7,11-tridecatetraene (compounds within quotation marks were tentatively
identified by comparison of their MS-spectra with those of the Wiley library).
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FiG. 4. Number of choices made bymaCotesia marginiventrién dual choice tests with
various plant combinations offered in a Y-tube olfactometer. Asterisks indicate a significant
difference within a choice testP < 0.01, *P < 0.001,**P < 0.0001 anchsindicates

no significant difference (binomial test).

DISCUSSION

Difference in Induced Volatile Emission among Plant Species and Vari-
eties.Differences in herbivore-induced odor emissions among plant species geno-
types have been demonstrated in several studies (Takabayashi et al., 1991, 1994a;
Loughrin et al., 1995; Geervliet et al., 1997; Halitschke et al., 2000; Ozawa et al.,
2000). In maize, these differences can be considerable (Gouiagetesi’, 2001).

The current study confirms that different plant species, but also different varieties,

release qualitatively and quantitatively different blends of induced odors. The 11

most important compounds that were collected from induced maize plants are par-
tially shared with other plant species for which induced volatiles have been studied
(Table 2). The only compound released by all plant specieg)i8{hexenol, and

in 12 of 14 cases,4)-3-hexenyl acetate andf-4,8-dimethyl-1,3,7-nonatriene

are also shared (Table 2).



11

‘fomauasaid:eadmai(0002) Te ® 31UydosHeH (866T) ‘[e1esarlop 8C.022eqol(qse6T) ‘[elasbulun]:uesaqlosi(266T) ‘[e1e19)0g‘(0002) ‘[ele
sninodo|abv'(0002) ‘fe1e1g08gssiomorelod: (£ 66T) [elauealeinds.iead:(666T) [e19s|09ela049b:(766T) 1818 eI (S66T) TereunybnoT(866T)
Ul |V puBBURISNYON UON0D:(Ar66T) ‘e l1dyseleqexe L (JO66T) e 1 830IdIaqunondi(266T) (e 19181889 ' (F66T) [elavawer g (y66T) 1919
pue sqnodojabyabeqqes:(66T) ‘[e 18 190eme:SIN0Idss|assnIg:(qO66T) ‘e B axdig:ueaq ewl|:(ey66T T66T) ‘[e1dyseleqere] :o|ddesaousialoy

++ 4

+++++++++

(o-(3'3)+
2+
IT

+
A_Y
+

+

++4+++

(-1p)+ + + + + +
L_l
L_l
L_l
(0)+ + GO+ (-3 FN+ (-0)+ e+
L_l
e+ + + e+
+ + +
+ @+ + + + + + +
+ + + + +
+ @+ + + + +
+ + + + + + + +
o+ o+ o)+ + 9+
+ + + +
+ + + + + + + +
+ + + + + I+
L_l

+ ausenaredspuUl-TT 'S T

IApawil-zT's'y-(3'3)
|opijoJau
aualpue|jaydinbsas-¢
auajogesig-¢
auasaulel-g-(3)
auajowefiag-»-(3)
aua|lAydolied-g-(3)
aje1aoe |Aielab
9|opul-H-T
ajeladyAylauayd
ale19oe|Azuaq
auaureuou-/‘c'T
-Ayrowip-g'v-(3)
|ooreun|
auawioo-¢g-(3)
ajeivoe [Ausey-g-(7)
auaaIAw-¢
|joua»y-g
louay-g-(7)
reus»y-z-(3)
[euay-g-(2)-1

eadmMo)  020eQOL

ueag/os orelod

Jead elagle uono)d Jaqunond abeqoe) sinoidssjassnig ueag o|ddy

punodwod

$3103dS INVId ¥IHLO ONOWY AIUVHS ‘SINVId IZIVIA AIONAN|-LNVLISHNOTY WOHH A3LOITI0D) STTLYIOA "Z I1avl



12

Wefoundlargequalitatveandquantitatve differencesn inducedodorblends
betweenthe plant speciesmaizeandcowvpea,andto a lesserextentamongdif-
ferentmaizevarieties.Cowpeareleasedalmostexclusively greenleaf volatiles,
as was found by Whitman and Eller (1990), and maizereleasedmore indole,
linalool, anda rangeof terpenoidghat differedin the presenceproportion,and
amountamongvarieties. Among maizevarieties the differencein total emission
of volatileswas striking, with a 14-fold differencebetweenlowestand highest
emitting variety Whencomparingthe odorsreleasedy plantsinfestedby Pieris
larvae,Geervlietetal. (1997)shoveddifferencesn odorblendsreleasedy differ-
entplantspeciesandcabbagevarieties.Takabayashetal. (1991,1994a)founda
gualitatve andquantitatve differencen volatile compoundemittedbetweernwo
varietiesof appleattacledby thesamespidermite.In acomparisorof Spodoptes
exiguainfestedleaves from differentcottonvarieties naturalizeccottonreleased
seven timesmorevolatilesthancommerciakultivars(Loughrinetal., 1995).0ne
constraintof usinginsectsto induceodor emissionds that obsered differences
couldbeduesimply to thefactthatherbivoreseatmoreor lessof a specificplant
speciesor variety. Usingelicitorsmay allow for amoreprecisecomparisonThis
was doneby Halitschle et al. (2000),whotreatedtheleaves of threegenotypeof
Nicotianaattenuatawith methyljasmonateandfound a differencein the pattern
of emittedcompoundsThestandardizetreatmenbf theMexicanmaizevarieties
in our studyrulesout ary variabletreatmenteffects. The resultscorroboratehe
tremendouwariability in inducedodoremissionsn the genusZea(seeTurlings
etal., 1998;Gouingueg et al., 2001).

Responsesf Natural Enemiedo Plant Odors. It is known that parasitoids
shav innatepreferences$o odorsof specificundamageglantspeciegNgi-Song
etal., 1996; Vaughnet al., 1996; Benrey et al., 1997). Furthermore parasitoids
shav innate preferencedor odorsof specificplant varieties.For example,the
parasitoidCampoletissonoensiswas attractedlifferentiallyto odorsreleasedy
differentcottonvarietieg Elzenetal.,1986).In contrasttheparasitoiDiaeretiella
rapae did not distinguishamongsix grassvarietiespresentedn a flight tunnel
assay(Vaughnet al., 1996).If plantsare damagecdy herbivores,odorssubse-
guently producedandreleasedy the plantsare considerablymore attractive to
parasitoidshanodorsof undamageglants(Turlingsetal.,1991b;Steinbeg et al.,
1993;Blaakmeeketal.,1994;Agelopoulosetal., 1995;Finidori-Logli etal., 1996;
Bertschyetal.,1997;Cortesereetal.,1997;Roseetal.,1998).Choiceexperiments
carriedoutin flight tunnelsandin semi-fieldplotsshaw thatparasitoidhave pref-
erencedor specificherbivore-attackdplantspeciegDrostetal., 1988;Geervliet
etal.,1996;Du etal., 1998;De MoraesandLewis, 1999).

Our study comparedhe attractionof C. maminiventrisfemalesto cowpea
andmaizeandamongmaizevarieties focusingexclusively onodorcues Cowpea
odorswere preferredover maizeodorsby naive C. mamginiventrisfemales.This
was somavhatsurprisingbecauseowpeareleasednuchlessthanmaize We had
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expectedhequantityof odorsto be positively correlatedwith attractvenessasis
indicatedby dose-dependenesponsesf naturalenemiesn severalstudieqEller
etal., 1988; Turlingsetal., 1990a,1991b;Ngi-Songet al., 1996; Vaughnet al.,
1996;Weissbeckretal.,1999).Althoughthedual-choiceexperimentswith maize
varietiesshavedthat,in generalC. marginiventrisis moreattractedo highreleas-
ing maizevarietiesjn afew combinationdemalesshavedpreferencesvenif the
quantitiesof odorsproduceddy thetwo varietiesdid not differ. Theseresultsindi-
catethatsomecompoundsremoreimportantthanothersfor attractionof wasps,
andthatthe proportionsamongcompoundsn the blendcould play animportant
role. Cowpeareleasedelatively larger proportionsof greenleaf volatilesas(Z)-
3-hexenol, a very commoncompoundamongplant-inducedvolatiles (Table 2),
thanmaize.Cortesercet al. (1997) analyzedthe responsesf C. maminiventris
femalego cottonplantsandsuggestethatthey primarily cuein onrecentlydam-
agedplants whichareknown to releasegreenleafvolatiles.Otherparasitoiddik e
Microplitis croceipesandNeteliahericaarealsoattractedo greenleafvolatiles,
especiallyto differenthexenolsandhexenals whenthey areofferedindividually
in aflight tunnel(WhitmanandEller, 1990).TheparasitoidAphidiusrhopalosiphi
was strongly attractedto the two greenleaf volatiles (Z)-3-hexenyl acetateand
(E)-2-hexenalin Y-tube experiments(Wickremasingheand Van Emden,1992).
Thesesamechemicalsareinvolvedin the attractionof C. glomeata to infested
or regumgitant-treatec¢abbagelants(Mattiaccietal., 1994).Greenleaf volatiles
areprobablythemostcommorwvolatilesreleasedy plantsdamagedby herbivores
(Table2), which could explain why naturalenemieswithout previous experience
(nave) arestronglyattractedo them.(Z)-3-hexenol,whichis sharedoy all plant
speciedistedin Table2, elicits strongresponsem thetwo-spottedstinkbug preda-
tor Perillus bioculatus while g-caryophylleneaterpenoidsharedoy half of the
plantspeciesglicitedonly weakresponse@/Neissbeckretal., 1999).Yet, theim-
portanceof specificplantvolatilesandmixturesof volatileshasbeensuggesteéor
the attractionof somenaturalenemiesThe lacaving Chrysopacarnea a preda-
tor of smallinsectswas caughtmoreoftenin trapscontainingg-caryophyllene,
thanin trapsthat containedimonene,bisabolenepr caryophylleneoxide (Flint
etal., 1979).In contrast,8-caryophyllenalid not elicit antenngpalpationby the
parasitoidCampoletissonoensis whereasaryophylleneoxide did (Elzenetal.,
1984). The EAG responseof the two spottedstinkbug Perillus bioculatuswas
strongfor a «-zingibereneand bicyclogermacrenenixture, but low/whenthese
two compoundswere offered singly to the predator(Weissbeckr et al., 2000).
The volatile compoundborneol, extractedfrom garry oak, Queicus garryang
attractedhetachinidparasitoidCyzenisalbicans(Rolandet al., 1995).

Innate VersusLearnedResponsessenerally naive femalesrespondooorly
to odorcues,but a contactexperiencewith hostsandor hostfecesincreaseshis
responsieness(Dmoch et al., 1985; Wardle and Borden, 1989; Whitman and
Eller, 1990; Steinbeg et al., 1992). Theseexperiencesanincreasethe insects’
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motivationto searchfor a host,but this is alsothe resultof associatie learning
of the encountereddors (Turlings et al., 1990b,1993b; Vet and Groen&vold,
1990).C. mawiniventrisfemalesalsoshov a dramaticincreasen responseso
herbivore-damagechaizeplantsin aflight tunnelafterthefemaleshave contacted
a host-damagegblant (Turlings et al., 1989, 1990b, 1993b). The olfactometer
assaysallowed us to bettertest odor preferencesn nave females.The strong
response$o cowpeaindicatethatthe innatepreferencas for the mostcommon
herbiore-attackdplantvolatiles,the greenleafvolatiles.Oncea hostis encoun-
tered,typical host-inducedrolatiles, like specificterpenoidsmay be associated
with host-presencandthewaspswill usethesemorereliablecuesn searchingor
morehosts(VetandDicke, 1992).Thefactthatnaive femalesarelessresponsie
to specificodor cuescould explain why we found only threeclear preferences
amongthe 12 combinationgestedin the Y-tube olfactometerNeverthelessthe
resultssuggesthatC. maminiventrishassomeinnatepreferencdor certainodor
blends.To reveal the key compoundsn theseblends,it would be usefulto test
theresponsef the parasitoidgo plantsthatdiffer only in a singlecompoundas
suggestedtby Dicke andvan Loon (2000).

Selectionof Varieties and Waspsfor Their Usein Biological Control. The
selectionof varietiesthatarehighly attractive to parasitoidsor selectionof para-
sitoidsthatareparticularlyresponsie to specificodorscould be usedto enhance
biological control programs,as suggestedy Loughrin et al. (1995) and Bot-
trell and Barbosa(1998). The exploitation of parasitoidassociatie learningin
pestmanagemerhasalsobeensuggestedWardleandBorden,1985;Lewis and
Martin, 1990;PapajandVet, 1990;Vet andGroenevold, 1990).

Someof the Mexicanmaizevarietiestestechereappeato be moreattractve
thanothers.Field studieswill demonstratéf thesedifferencesn attractveness
are reflectedin parasitismrates.The high geneticvariability obsered in odor
emissionsamongmaizelines (Gouingue et al., 2001)make it an ideal plantto
optimizeits attractveness.

In summarywe confirmedthattherearequalitatve and quantitatie differ-
encesn herbivore-induceddor blendsamongmaizevarieties.Both quality and
guantityof thevolatile blendswvereimportantfor theattractionof inexperiencedC.
marminiventris Basedon theresults we speculatehatgreenleafvolatiles,which
arethe mostcommonvolatilesproducedby herbivore-damageglants,could be
importantfor the attractionof naive generalisparasitoidsuchasC. marginiven-
tris. More specificcompoundssuchasterpenoidsgould belearnedassociatiely
during hostencountersHowever, further studieswill have to establishprecisely
which compoundsare responsibldor the obsened differencedn attractveness
andif suchdifferencesanbe usedto enhanceiologicalcontrol.
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