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Exploitation of Herbivore-Induced Plant Odors by Host-Secking Parasitic Wasps

T. C. ]. TurLinGs, J. H. TuMiimson,® W, J. Lews

Corn seedlings release large amounts of terpenoid volatiles after they have been fed
upom by caterpillars, Artificially damaged seedlings do not rebease these volatiles in
significant amounts unless oral secections from the caterpillars are applied o the
damaged sites. Undamaged leaves, whether or not they are treated with oral secretions,
do not release detectable amounts of the terpenoids. Females of the parasitic wasp
Cotesia marginieeniris (Cresson) learn to take advantage of those plant-produced
volatiles to locate hosts when cxposed to these volatiles in aseociation with hoses or host
by-products. The terpenoids may be produced in defense against herbivores but may
also serve a secondary fanetion in atrracting the namiral enemies of these herbivores,

05T STUDIES ON THE SIGMIFI-

cance of herbivore-induced  pro-

ductica of secondary metabolites
in plangs focus on the disect ecological inter-
actwons berween planes and the herbivores
that fred on them {1-3). Only a few investi-
EALOrS [#-6) have .ulggl::l!nd active imterac-
oons berween herbivore-damaged  plams
and the third rrophic level of insect parasir-
oids and predarors. There are many cxam-
ples of these insecrs being antracted o planc
odoes (7}, but only recendy have studies
indicated an active nvolvement of planes (5,
). Dicke and co-workers presented the firse
comvancing evidence for an acove rebease of
volatiles by herbivore-infested  plants thar
aetract matural enemies of the herbivorous
amackers (). As ver, no herbivore-specilic
facror that induces charcteriste L‘llill:lgl.'x in
plans, used by foraging entomoghagous
insects, has been pinpoinced.

[t is commeon thar parasitic wasps leam o
respened to specific odors that are associared
with their hosts (8], The often observed
flexibility in these responses has been artrib-
uted 1o the varability in space and time of
reliable cues thar may best guide che wasps
wr available hasts (9. Their abilicy w0 learn
should  albow parasitoids to distinguish
armongg, odors of planes with difforem vepes
of damage, thus enabling them o focus on
plants damaged by porennal hosts. Chemical
responses ovoked i plants by herbivorous
hosts may therefore play an importane role
in host-habitar location by parasitoids, We
repeart that  herbivore-inflicted  imjury -
duces plants to release volatle terpenwnds,
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the oral scorctions of caterpillars and &=
ﬂpll'ri.[i."li |'|}' the |_'n|r.|.'1:il;|.' WS [ AT
wetttes, which wses the erpenoids as cues o
[escare hoses.

In flighe cunnel orals, females of the para-
sitoid . marginipentris are attracted o the
odors emanating from a complex of host
larvag feeding on com (Zer mays L, var.
“logna sweet comn”} seedlings (10). OF the
three main components of 3 complete plant-
hase complex, the damaged planes, and not
the host larvae or their feces, are the main
source of the volanles that attract the para-
sivaae] { 1)

Volariles from a complete plane-host com-
plex consisting of beer armyvworm larvac
(BAW), Spoduprera exigua [Hibner), thax
were freding on com seedlings inside an all-
ghass eollection system (17} were collecred in
rraps contxinimg Super () adsorbent (129
Gias chromatographic amalyses of methylene
chloride washes of the traps revealed the
comsistent presence of cleven componnds

Fig. 1. A chromatographic profile
of the volatiles collecred from a
comphex of BAW caterpillars feed-
ing on corm seodlings. The idemn-
fied compeunds are 1, {Z)-3-hex-
enal; 2, {E}-2-hevenal; 3, (&)-3-
hexen-1-ol;, 4, { Z}-3-hesen-1-yl ac-
ctare; &, binalool; 6, (35-4.8-di-
methyl- 1,3, T-monsmene; 7, indole;
B, a-rrani-hevgamotene;, 9, (E)-f-far-
nesene; L, (05 -nerolidal; and 11,
(3E,7E)4,8, |.2-1n|nﬂ|'ry|- L.3.7.11-
trclecaterraene, For this particular \

o
4

Volts

collecimn, 15 E'.II']:_I.' ghird nstar car-

3

!

ulL‘lill.l.r.'- were allowwed to feed on I:;
three  Zoweck-old  preenbuouse- |
grown corn seedlings.  Afrer 14 ‘I,L
broirs of feeding, the socdlings to- i

gether with the caterpillars were
trarsherred ento the collecrson appa

(Fig, 1}, The first four most volatile com-
ixilundx W i:h;n[iﬁud a% ]L'aF_v .'|.'||.|I:|'|}1.1|‘_'$,
an alcohel, and an scerare, commonly found
in the leaves of many plants {15). The re-
maining compounds were, excepr for in-
dole, all rerpeneids,

All the idesstified compounds are released
by the carerpillar-damapged seedlings and not
by the carerpillars themselves nor by some-
thing in their feces or other by-products
{147, Additional volatile collections, howey-
cr, revealed that the laeger terpenosds, par-
ticularly a-trans-bergamotene, [ E)-p-farme-
sen, and {El-nerolidol, were only released
bny leaves that had been damaged by caterpal-
lars for several hours, Plants sulyecred o
I'.'J.1L'I'|1i|]i|!' t!.‘lll‘llg«l.‘ fior 2 hours released the
laeger terpenowds only in minute amounts
immediately afterward. The following day,
however, large amounts of these com-
pounds could be detected (Fig. 27,

Fast growmg plants ke com imvest much
of their encegy in growah sind linde in de-
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rarus | 1) Volarikes were collooted for 2 bours in traps comadning 25 mg of Super O adsorben {12).
The traps were rhen exrracred with 2000 pl n:sfm:thll:m,' chloride and an mremal standard (15) in 50 ul
of methylene chioride (a-nonyl-acerate, 20 ngiul) was added. OF the extract 2.5 ol was injected onto 2
Cusdrex methyd sibicome column (50 m by 0.25 mm inside diameter, 0.25 pm film) made 2 Vaman
miode] 3700 gas chromarograph. Temperature program: 50°C, rae 5°Cmin o 180FC. Compounds
were idensthied h_f NS SPECTROsCY and, where TECERsary, 'ht]. MNME SPECTIOSCOpY. Their idenrities
were eomfirmed with synthetic verssons of the candsdase compounds (14).



Fig. 2. (hmm:mgnpl'm. profiles of colleceed
volatiles from three com seedlin d.:.mxgedbr
BAW carerpillars over 2 hours. The valariles were
collected either just after ook place (fresh
damage) or 16 hours lawer on the
{old damage). The collecton

same a5 described in the legend 1o 1. Mo
Mthanmpmdmnglhcr&immm
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gven with Fig. 1. Exch inremal standard (s
octane and m-nonyl acetare) represents | g,

fense. When under herbivore arrack, how-
ever, their fexible defense expressions wall
allow a fast nduced production of carbon-
based defensive chemicals (3). We suspect
that the terpenoids released by com seed-
lings serve in a direct defense against herbi-
vores, In additon, their volaalty and high
mermover fate should make them reliable
indicators of the presence of hosts for
parasigoids. would be even more reli-
able if the induced responss 15 specific for
r.tumge miflicted by herbavores, This was

T-cn third instar BAW caterpillars were
allowed to feed on three corn seedlings for 2
hours (late afiernoon), Durng the same
artificially with a razor blade, wherchy the
damage done by the caterpillars was roughly
mirmicked. Three of the arificially damaged
cormn seedlings, as well as throe undamaged
seedlings, were treated with the regurgitased
gut contents of other com-fod BAW cater-
pillars {15). The following moming, vola-
tiles were collected from all four rearment
groups for 2 hours, Striking differences in
erpenoid and indole release were found
among the collections when analyzed by gas
chromatography (Fig. 3). Again, leaves with
larval damage released the compounds in
relatrvely large amounts. Seedlings chat only
underwent arvificial damage released far less.
The artwficially damaged seedbings that were
reated with caterpillar regurgitant released
the most dominant compounds and m
amounts similar 1o those found for the
larval-damagred seedlings. The control seed-
lings, undamaged and ereaved with regurgi-

wnt, released  vimually oo dercctable
amounts of volatiles,

Oher seedlings thar were subjected to
these reatments were tested for anractive-
ness to experienced (16) O, marginivenins
females in a flight tunnel (17). In two-choice
tests, the indects strongly preferred the
leaves with larval damage over leaves with
just artificial damage (Fig. 4). The artificial-
Iy damaged leaves thar had been treated wath
caterpillar regurgitant were clearly preferred
aver the lewves with only arrificial damage,
When given the choice berween leaves with
larval damage and artificially damaged leaves
treated  with  regurgitang, the  fernales
showed no preference (Fig. 4C). Fewer
females flew o leaves treated
with rq-urgl:ﬂ&mmm:ﬁcu]lydmugni
leaves (Fig. 4D). This is in agreement with
the ohservation thar artificial damage alone
dioes result in the release of some rerpenoids
(Fig. &) and shows that the regurgitant by
imself did not elicit atrraction. The results
strongly insdicate that the observed plane
response is greatly enhanced by the feeding
of BAW cacerpallars. It involves not oaly
damage, bt requires a factor in the regurgi-
tant {most likely in the saliva) of the caterpal-
lars a8 well Whether this factor involves
enEymes, microorganisms, or something
else has yet to be determined,

We also found char volatiles collecred
from BAW larvac feeding on com were
arFactive o the parasivoid when applied on
a picce of paper {14}, An equivalent synthet-
ic blend conraining all 11 compounds was
attractive as well [ 14). Response depended
on an insect’s experience: females thar had
experienced  BAW feeding on
corn (16) responded maore to a natural blend
than to a synthetic blend. Females that had
experienced only a synthetic blend respond-
ed equally well o the symtheric and namural
Blend {14),

It is clear thar experience plays a major
role in the behavior of the parassitoids (18),
and the preference foe the rerpenoid-releas-
mg plants may have been leamed during the
preflight expericnce.  Again, this demon-
strates the highly fleable host-searching be-
havior exhibited by these insecrs thar allows

them m beamn odors closely associaved with
thewr hosts,

Many herbivores have developed variable
levels of resistance to plant-produced chemi-
cals, making those chemicals bess effective in
direct defense, Atmraction of the natural ene-
mies of herbivores, however, may result in
an additional advantage to the plants, there
by mainexining sclm.nmpuﬂmrudu[l’amr
the production of these chemicals in the
observed high quantines. Cost-benefie anal-
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yses concerning plant defensive strancgies
should comsider how plants can safeguard
themselves against severe herbivore injury
by amrracting predacors or parasicoids (78],
The terpenoids are reliable cues for the
parasitowds becanse they are closely associat-
el with herbivore damage amd they are
released even during the frequent pauses in
carineg, by the caterpillars {Fig. 2). We do noo
vet know whether the induced reaction 1=
limited to the damaged sives, or whether it s
systemic as has been shown in other studies
(1%, 20,

O results indicate an active release of
chernicals by plans that is exploired by host-
searching parasitoids. Ir is likely thar the
rerpenoids and indole are imvolved i other
rypes of interactions as well. They may, for
example, act as oviposinon deterrents for
herbivorous msecss searching for siges o
depoait ther eggs of Function in coimimini-
cation berween plants (20, 21}, More knowl-
edpre aboart the injury-dependent production
of airbome sermicchemmicals by plants may
point g0 new possibilities for Brologacal con-
orod of pest insects.
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