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ABSTRACT = / )

: ~ .
The physiological and ecological effects of Fwo plant-

derived insecticidal campnuﬁds = berberine and o-
tarthienyl (a—t} - wara‘invastigatad in a model fFood |
chain, usina the lapidcptaran.Qggzijig_nghilalig and its
: salitary endoparasitoid Disdegma terebrans. Q. pubilalis
. larvae were reared on meridic diets.cnntaining sublethal
icnncantratians'(io, 31 and 100 ug/g) of the cnmpoundé.
Effacts on growth and developgent DETQ.fnuhiljlli were
monitored. Larval growth rates were reduced with both -
compounds at 100 ug/g in the diet. Berberine prcducéd fFeuw
effaﬁts on duration of preimaginal stages and pupal and:
adult weights. However, mortality was quite high with 100
ug/g in the diet. o-t hroducad sﬁma sublethal effects
at 31 and 100 ug/g in the diét, and decreased survival was
ubserﬁed, particularly at 100 ug/g. The adverse effects og
-t towards Q.'nub11§11§ were npt as severs as those
ihcurrgd with berberine.

Q. nubilalis larvae reared on‘the different test
diets were parasitized by Q. hg;gh;gn%g and the development
- and survivaorship of parasituid: reared from these hosts
were observed., Berberine did not aignificantig affect
duration of the immature stages or pupal and adult heights.
Survival to‘ﬁupation and adult emergence declined with 411
concentrations of berberine, but the degree of mortality
did not correspond to the concentrations administered in

the diet. o-t did not significantly affect growth



- parametars of L. Larebrgns except in the 100 ug/g

- treatmant No females were produced at this:cnnCantratinn,

and male pupal and dduit weights were significantlg '
educed. Survival to pupatioa-and adult emergence were
_severely reduced with this treatment. - Stirvival was alsﬁ‘
reduced, albeit less sav raig, with the 31 ug/g o«-t
treatment.” Houever, ug/g «-t in the diet somswhat
improved fha §urviyorsh;p of parasitoids compared to the
control diet. o -

Treated and control larvas were exposed to [.
terebrans in a numﬁer of duél—choicé and fo-choice
éxpariments. Dualfcﬁcice tests with tregtéd and control
larvae aof the same'chroﬁolégical age were par?drmed,‘and
the ratios of Treated / Control progeny (T/C) were
calculated. Berberire in 4£he diet conferred an advantage
to the developing parasitoids, aspecially with the 100
ug/g treatment. ‘u-t was not beneficial at any of the
conéentrations'tested.

Dual-choice tests with Ereatéd and control larvae ‘af
the same physiological age revealed thagtparcent'
parasitization was significantly i ased in the lOO'ug/é
berberine treatment compared to the controls. This uwas

’

alsofapparsﬁt for the 10 ug/g «-t treatment. However,
percent pépasitizatioﬁ was significantly reduced with 100 ’
‘ug/g «-t in the diet of the host.

. ,for no-choice tests betwsen treated and control larvae

" of the same physiological age, percent parasitization was -

significantly decreased for the 100°ﬁg/g «“t group



compared to the controls/{ T/C ratios reveasled that no
advantage was conferred to the parasitoids by
allafdchamicals in the diet, except for a slight
enhancemant For the 10 ug/g «—t tréatmant.

HPLC msnalyses of the body burden of allelochemlcals
were performed fnr 'second to third instar Q. pubilalis
larvae rearsd on the various dists. ﬁnalgges wers also
performed for adult parasitoids ;aarad From hosts fFed
treated diets and their_pupal cases. Berberine was not

detected in any of the samples analyzed. ﬂguavsr, x~t

and a polar matabolite of «-t were preéént in samples

-

of host larvae, emerged wasps and pupal. cases. '
The physigal prnpérties of allelochemicals, and their
bearing on parasitoids are discussed with regard to:‘

agricultural implicatinns.

1
"
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N T RESUME

Leé effats phgsiologiqﬁas et Ecolngiques de deux
phytochimiques aux prapriétés insecticides - le be;bﬁrine
et liq—tarthiéngl (a-t) - Furent etudiése dans une
chaine trophique models en utilisant le lﬁpidaptara Ostrinia
nybilalis et son aﬁdnparasifnida solitaire Djiadegma ’
terebrang. Les larves d’'Q. pybilslis Furent nourrcies
‘d’'ure diste méridique contenant les deq%‘composés en
concentrations subl@étales (15, 31 et 100 ug)g).‘

Les effets sur la croissance et le dévaluppemant da'gQ.

nubilalis Furent notés. Le. taux de croissance larvaire

T

Eut réduit par les deuXx cnmposéé lorsqu'incorporés BU

féux de 100 ug/g de nourriture. Le berbarine e%érﬁa pau
d’'affets sur la durée du dévelogpement ppéimaginal ot le
poids des pupas;ét des adultes. Cepandéht,'la taux de
mo}talité fut tres aleve pour.les larves nourries avec 100
ug/g. L’«-t a exerga duglgues egfets ldrsqu'util;éé'gﬂ
;n concentrations de 31 et 109'ug/é dans la nourriture, at
la taux de survie Fut réduit, éurpout lorsque'l’a—t-Fut

utilisé au taux de 100 ug/g. Les effets-néfastes de

1'a0~t sur la croissance d’(. Quhjigllg n'ataient pas

aussi marqués.qus ceux du*ggrbﬁrine.

Les larves d'Q..ughilnlig Elevéas,avec les nourritures
‘diffé@rentes ont 8té parasit@es par le [. ig;gh:gﬂ:, et le:
dEvalnppemant et la survie de ces parasiéoxdes furent
observas. -Le bqrbérine n'affecte pa; de Fagnﬁ

significafive la durae dupdévelnppempnt préimaginal et le
g - X )



poids das pupes- st éas &dultas La SUtVlE Jusqu'aux stages
:;a pupe et”d’adulte dimlnua pnur chacuna des trois
cnncantratlong de bsrha;ipa, mais le taux de mortalitﬁ na
dépandgié pas diracta@ent dés'cancantrationé. L't |
n'sx@r;a pas d’'effats significatifs sur {a,drnisgaﬁce.ds o.
;g;gh:nna sauf au taux de 100 ug/g AQCUna-EBmalls‘ne'fut
"obtenu a cette cun;entration et las ledS des pupas et gas
adultes'males furent raduits La survie Jusgu’ aux stages de
VEL;; et d' adulta Eut reduite avec la tra:tamant de 100 ug/g
La suruie Eut réduite dans le groupe trait@ avec 31 ug/ig
d'oa-t, mais pas de fa;on aussi marquae Au taux de 10
: ug/g; 1’ u-t,incorpcree 2 la nuurriturq a amélioré le taux- *
de survie daé paraéitonas. |

Les larves d g.” “p;lgl;g qui ont até &levees
avec de la nourritura conténant ou padeu berberine ou da
l'x-t Furent exposées au 0. tersbrans dens des
axpériances a choix SLmﬁle ou séns‘chéax. ?nué les e
axpétisncas 5 choix, aas_lapvas tréiééas et des l;rvés'
“témoins dﬂ meme age chrnholﬁgique furent utilisées, Et -
las raﬁﬁnrts:das prngénggures Traitement / Contrdle (T/C3
furent calculés. » Un plus grand nombre diadultes de [.
terebrans Fut obtenu a portu de larves d’0. nubjlalis
exposéas.au berh?rine qua'das larves témoins. Aux
concentrations utiliséss, 1l'x-t n'aéfecta pas le nambre
de prnganiturls.

lLes experiences a choix révalerent que’ le berbérine a

100 ug/g mama a un accroissement du taux de parasitisme.

Alors que le méme effet fut cbtenu pour-lﬂa—t a 10 ug/g,
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Pour les expé@riences sans choix avec des larves da

. méme age physiologique, le paourcentage de parasitisme Fut

-

plus bas pour la ﬁroupg traitéd avec 100 ug/g d’'o-t;
. 2, )

. compard au groupe témoin. Les rapports T/C réﬂﬁlaraﬁt que

les phytochimiques avaient. peu d'aFFéts autre qu'una'légére
augmantation du nombre de prcganituras pour les parasitas

sur les larves trait@ées avec 10 ug/g d x- t

. f : Des aqalgsasIchromatographiquss (HPLC) déterminardnt

les concentrdtions de’berbérine et d'a-t dans le cocps -

£ . : ' '
des larves d’'Q. pubjlalis du deuxisme et troisiama stade,

'ain51 que dans las cocons"‘t la corps des parasitas adultas

'issus de larves traltaes avec les phgtochimiquas Le

harbaﬁinq‘na Fut ratrouva dans aucun des achantillnns
analysés. Par contre, 1l'a«-t at un de ses mgtabnlites‘
pclaires taient prasents dans, K les larves hotes et lés
parasites adultes et leurs cocopns.

Les prppriétéﬂ physico-chimiquas des ccﬁposés

allélochimiques et leur sffets sur les pafasitc?das sont

-discutd@s en relation aux applications agricoles.

LY
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1.0 _INTRUDUCTIDN -. ,
. B
Modarcn agrlcuiture d-pands heavily on the use QE
sunthetic pesticidas to maintain high yields and tha
qualxtg of produce. Hnwavsr. the beanefits of’ insact;cidés'
do pot'comé without environmental and,ﬁialogical problems
crnaﬁed by their usage. Thess‘pre now maillestablishgd:
Eésispancé in pest o;ganisms, environmental coﬁtamiﬁatioﬁ
aﬁq adversa affects on non-target urganisms;-and raskdues
in Eood‘aﬁd their consequences on human heglﬁh (éimenter}f
‘ .

‘and Parkins] 1979).

Two of the most serious pfoblams associated with

in;;cticida usage are the phennmana-nf pest ;psact
fesurgsnde and fhe'creation of ﬁsw"pests From previously
innocuous species. This occurs when the natural anamlas aof
herbivuras are sllmxnat;d by the indiscriminate appllcatlnn
of pesticide guaaachJ 1974; van den ‘Bosch gt al, 1982).
The detrimental effects of pesticidas on beneficial
insects have been documented since the 1S40s. Essghtigllg,
-these aFEacts'mag be géparataq into the Fallowing potential
problams: “  |
1. Predatars and adult parasitoids may be killed derCtLg
by the chemlcals (Doutt, 18964%b; Croft, 1977)... In fact,
this was demonstrated in the labotatoru.bg:gartlett (1855)
with 61 pesticides and five species of hugénopterhn
parasitoids and éix corcinellid predatnrs.

E.‘ If the pesticide affects the temporal patterns oE the

host’'s davalopmental stages, host*parasitoid sgnchrang may

= - ’ °

1l -y

]

-
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 be lost, and the parasitoid’s reproductive sucdess is _:
;ﬁraatlg reducad (Doutt~L 196%b). Even the microbial
insactic;da Bacillus tnuginn;gnglg increasad the
zdevalopmsntal tiqﬁ%hf ﬁngngglng melanpacelys mith;n ggpsg

moth CLgmg_ﬂgfn dispar) hosts by three days (Ahmad gt nL. k

1978).

\
3. Sublethal eEEBcts of pesticides on the behav;nr of *

natural enamlas may prnfoundlg aEFect thalr parformanca r
the Field (Croft, 1877).

4. The inseét}cide'mag alim;nate or reduce populat;ons ﬁf
.gItarnat?*hosts or prey, or ﬁonaudam broqucers padeésarg
for prdﬁéingceous food for adult pa?asitnids (Doutt,

1964b) . < | | . . - '

‘PéfasitcidS‘and pradafnrs which dp'lccata hﬁsts or prey

‘mag be intoxiéated by pesticide.residues in these insects
| cAhméd gt @l, 19S%; Croft, 1977). UnFortunately, this has
bean obsstvad witﬁ spmg.nf the third.ganaraticn
insactici&és Cinsact growthlrsgulétorsl (Beckage, lsasﬁand .
referencas cited therein). |
B. The inse;ticidé—ttaaped\hosts‘mag ﬁnt bBFaccaptabls for
nvipositiﬁn by adult phrééitoids; resditing in reduced

parasitization rates (Root ‘and Gowan, 1378).

In the search for more affié;ent and less dangerous
‘ "

methnds-fgé pest managamént, agriculturaﬁ rasearcharﬁ are
increasingly directing their efforts towards_::;:Lral’;“"

-ecologically sound strategies for plant bfotacbinn. Two

'principai directions have been taken: improving bidlogical‘

control by ‘manipulation of natural enamies via
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semicchﬁm}cals (Jonas g;zgx, 1875; Lewis gt @gl, 1980;

. Gross, 1981; Lewi 1951; Sfran& and Vinson, 1982; Chiri

and Legnacy 1883+ Greany nt'gl, 1964)L and using the

natural deﬁencaé.of p;aﬁfs for rasiﬁfanCa breeding
(PhilogSne, 1984) and as a source Eé; new batanical
insecticides (Arnason gt gl, 1983). | ‘

Ideally, biological contfol aﬁd naturallg.cccurring.
plant éBEencégjshould'ba_cnmpatibla. However, these
defansive cnmppunqs-aré insectibidal; énd, in somslcas;;T\\
theg.ags ;nmpﬁrable to conventinnalyﬁésticidﬁs regarding
tnxicity (Aénason gt al, 1981; Philcggna et al, 1985).
This présent# a quasﬁiun as to the fate of ﬁatungl enamias

’

taking nourishment from phytophages whicﬁ ingest these

-~ , a

compounds: could similar problems occur with

-all:loch@micals”as was seen with applied synthetic

o - . T

pesticides?

Brader (1373) described several potential problems of

resistance bfaading with respect to natural‘énamies. Since

host-plant resistance reduces the numbers of herbivores

.preseﬁt, host finding by natural enemies may be hﬁmpergdu

As well, the quality of host insects may be altered by the
physiology of the plant, and this may affect the .
development of natural enemies. The plants themselves may

o -
also bhe unattractive as ovipositional sites for predators.
On the uthgr"hand, alla;dﬁhemicals fmay, in fact, enhance
the aEEactiveness of.natgral enemies through their growth

inhibiting effects on phytophagous insects. The Ry

suscaptible stagss of hnstg or prey to natural enemi#s

\
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would be prolongad, leading to iﬁcraasad parasitism or
predation’ (Feeny, 197 ;\?rice et al, 1980).

It'ié raasonae}a to assume that the physical '
properties of plant defence compounds, aq& their bioloéical
‘sites of action can proQidé clqes as.to their ability to

-

affect organisms of one or more trophic levels removed from

the source ﬁiant. ‘The present research was undertaken to
- = test this assumption with a host-parasitoid.association,

and to develop a system for future assessment of

pétan;&a%;g usaful allelochemicals.



hs

* 1.1 LITERATURE REUIEU | f\
Plants, Herbivores and Parasitoids .f\~;~5\\
Secondarg plant suhstances are racognized to be the

‘kau factors madiating tha feeding habits of harblvoruus

insacts. Thls was Elrst suggested by the waork nf
Uarschaffelt (1510) but&naglactad until Frasnkel €18
publishad the Famous "Raison d dtre” paper. Sincs than,

' the Eieid gf insect-plant interactions has devsloped

e fapidlg, and the elegant theoriaes of allalochémica11g~
madxatad plant herblvnre coavolution were generated
(Beck: lSSS Ehrlich and Raven, 1855; Schaonhoven 18723
1972b; Feeny, 13975; Saigler and Price- 1875 Rhcadas and

- Cates, 13976; Levin, 1878;.§wain, 1977.and numBrous other
revisws), - | |
| The study of.. chemical interactions bstmeen plants and

insacts 15 much more complex when considar;ng three, rathaf
than two trophic levels (see review by Prica ek al, 196,
This is a rather new research area in plgnt-insact_;hamical
eéulogg, and Euturé work will undoubtedly reveal Eﬁpther
cnmplexitu,f Price gt al (1380) ﬁrcpasad that the natural
anamims of herbivurea should be considered as mutualists'
with the plant, and part of its defence systam "In order.
‘§9 appraciate Eullg'tha pbssibla cnnsaquancas of | |
allaluchgﬁidai changes.in'tha environment, it is impnrtant
tn raview the process oE EZQt salection by parasitcida, and

in purticular 'where plants Fit into this schsme.

The saquence of events in a parasituid—attack has bsen



i

_environment, or erop in which the host is located; (2)

v
4

compartmentalized by Doutt (196%a) into four distinct

stages: . (1) .Host habitat Finding, which rafers to the

Host finding, cé the location of, the host within the
habhitat; €3 Hcsb'acca;tance, whan the parasitoid m;kas
the Choice‘tn.nvipngit once the host is found; and (42 Host
suitability, which determines whether or not the immature
parasitoid wiil survive in, or on the haosat. Vinson (1975a)

added a fifth step to this scheme: Host regulstion, which

refers to the phgsiclagica; and\EThological.changes

effected in the host by the parasitoid, in order to ensure

L

optimal developmental conditions. As knowledge of the

semiochemicals involved in host selection increased, a

detailed scheme of the first three stages in Doutt's

sequence was prqposed by Leuwis gt gl (1975) invnluing“eight

behavioral activities mediated by various types of cues.

*
)

Tﬁe subject of host selection by paraéitnids,

particularly with regard tao semiochemicals, has been

L}
-

-@xtensivaly revieuwed (ses Uinécn, 1975a; 1976; Vinson and

»

Iwantsch, 1880; Arthur, 1981; Price,1881; Vinson, 1881;

weseloh, 1981), and the role of semiochemicals in host-

parasitoid cosvolution is analagous to that of

ld

secondary plant substancas in plant-herbivore cosvolution

- (Uinson, 1875; Pcdice, 1981). The present cfeview of the

literature will approximately follow the format of Doutt's '

host selection sequence, and the influsnce of the haost plant
' LI AT AR .

:will,be highlighted. Infcrmatiqn rauafding specific

" samiochemicals (identified or implied) is prqsantad in

wt b1
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tabular Form (Tables 1 to 3). Ig the cases whers.chemical

cues mlicit mores than one mode of behavior in the host

splection process, the citation appears in more than ane

table. Because the subject of this research is plant-

insect interactions, parasitoids of non-herbivarous hostsr

(For example, Muscidae) wil;lnot be considered, S
1.1.1 The Host Environment ‘ ~

The influence of plants in host selection is very
appacent..in host habitat Eindinj.' A wealth of literature
has been generated throughout-this century regarding the
significanca of the host plant in host—parasitcid
specificity. In many cases, ths host plant spacieé, rather
than the host itself, is responsible for observed host-
parasitoid BSSDCiEtiGnSu. This is especially true of
parasitnids with host ranges that extend aover ssvarél
taxonamic groups CFicaqd éh&,ﬁabauﬁ,,lsl&), or whose hosts
are normally concedled within tha;host plant (Cushman, '

1

1926). In the chse of tha Eu;npaan pine shoot moth,
Ennninnn hunlinnn the parasitoid [toplectis conguisitor is
prafarantiallu attractad to Scots pine over red pine Ereas
even though the host burrows into the buds of both species.
However, tha bud size and needle ccvarage of Scots pine is
more suited to ovipositor probing by the wasp, and so this
association with the tree develaped (ﬁrthur,llssa).
Numerous axaﬁples of thasa.ﬁiant;parasitoid asﬁociétiohs
have been reported (Seamans and McMillan, 1835; Knight,

1844; Stresms gt s3], 1S68; Rabb and Bradlsy, 1968; Bottrell



A

oL al, 1968; Graham gt al, 1972; Katanyukul and Thurston,

©1873; fueller, 13983). 1In all of thasa caseas, tha.hast
insects occur on a varietg of plant speciegs, but‘

. parasitization' rates are mucﬁ higher bn certain plants

preferred bu the parasitcids : . .
Certain parasitoids are attracted to particular
environments (Flanders, 1837; Laing, 1937} or food plants

(Monteith, 1855; Nishida, 19586) irrsspactive'nf the
. . - - A
presence of hosts.. Parasitoid complexes associated with

-

different tree species within the same envircnment have

beén‘repurtad to be very different, sven though suitable

hosts were ubiguitous (2uolfer and Kraus, 1957; Ball and
Dehlsten, 1S73;. Askeuw and Shaw, 1978); Native entomophages

have baen,kndwn to attack exctic herbivores because theg'

v ~

were fFeeding on plant species normally seafched For hosts
~N : .

(Goeden and Louda 1978). ~ The braconid [onpctonus

ngglgng;g was obsarvad to parasitiza an unsuitable aphid

host because it was Faading on‘a preFBrrad hust plant

" (Calvert, 1973).

] Fuod plant spBC1Eicitg is implicate?’in the evolution
oE strains and races af parasitoid species (Inauutullah
1983). This is undarstandabla, cunsidaring how rapidlu
soms parasitoids can become conditionad to respond to,
chamicals‘assqciated with their ho§ts Bnd_hostfs food
CArthur, 1871; Uinson gt g, 1976; Uinson pt gl, 1977).

| Long-range attractiom to the host habitat i;_madlatad

by visual and olfactory stimuli. Howmver, olfaction is the

moast impnrtanﬁ mode of attraction, and numerous studies



'i

‘have been publishaed which attest to this (summarized in
Table 1). The majarity of these volatile phemicals are .
synomones smanating from the host plants preferrad by the

parasitoid, although mahu are host inseqt'phercmones.'

-
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l.1.2 Uegetaticnai Diversity and the Chemical Environment

The discussron of host habitat has so far baen almost

'l

entirelg Fbcussad an sxngfﬁ#plant associations with

parasitnids 'As most agrlcultural concerns in davalopad
-~

countries practice monoculture, thisc information is hlghlg i

<ralevent.N Huwgveq, it natural acosgstams and in mcst

tropical agribultuéal‘sgstems a variety nE plant spasies_

\'.".

may be Found mithin tha same 1mmediata anvironmant ’and‘._.

plants other than tha host's Food plant can 1nE1uenca )
hahitat Eindlng by parasitoids, Atsatt and O’ Dnmd (1975)

recognized that raturally-occurring groups of plants.

¥

cooperated,  in an ecological sense, as plant defence
guilds. Certain species attracted parasitocids and
predators with_nectarieé, while other speciss harboured

alternate hosts or prey.

Altieri and Todd (1S81) reported that Irichgpramma sp.

wasps parasitized Heligthis zea eggs mdra&pfficiantlg in
caorn-soybean polycultures than in soybean monocultures.
Parasitism by Irichogramma was also increased in soybean

plots interspersed with weeds (Desmodium, croton, aﬁd
;gg:ln_spp.) compared to weed-fres soybean plots (Altieri

‘gt al, 1981). In this same study, incfeasad rates of

paragitizatinn were chserved in soybean, cowpea, tomato and

cotton plots ‘sprayed with aqueous extracts oE amgghn;ngg
sp. and corn stamé and lesaves. Plant axtracts applied- ta
cotton wicks alsn lmproved parasitizatlmn efficiency in
scubaan plotsT In okra, this uwas obsarved‘mith the |

r

//J

13



Amaranthys extfact™only. In a greanhouse study, Altieri gt

.ﬂgﬁa) Enund.th_a't Extract;s of A. petroflexuys -gpragad on
b .

3

ean plants increased rates of parasitization of

enﬂnaann kwghniella egas by I. Rregtigsum, and this activitu
was apparently dosa-depandant Aﬂl

*

In spite of these remarkable observations with

Irichogramma spp., & chemically divarse environment is not

necessarily beneficial for all parasitoids. Héntaith'

A"

* (19607 obésrv?d that parasitism of the sawfly Prjstophora

erichsonii on larch trees by the tachinid Bessa harveyi was

~diminished in host trees in close proximity of Pjicea

glauca. Olfactometer studies with another tachinid (Dring
ngngmlgg) demonstrated that non-food plants tended to mask
the odours of -hosts’ and their host plants Shahjahan and

Streams (1873) observed similar effects with tha braconid

Lg;ﬁgﬂ;gn pseudopgllipes, which parasitizes the tarnished
plant bug Lugus lineQlacis on Erigergn plants. The

-, .
occurrence of parasitism was greater in pure stands of the

host plant than in stands of mixad herbs.
1.1.3 Searchiny Behavior

Once the parasitojfds ars’inside the host habitat,
appropriate chemical stimuli must be prasent to incite them

to search For their hosts. The idsntifiéd searching

kairomonas to date (Table 2) include host pheromones, host-

-produced kairomones, plant-produced synomones and

chemicals which originate From the host plant, but are

concantrated as kairomones’ within the host:(Hendry et al,
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.

1976a). -Df the latter category, only three plant-host-

_ . — - 3.
(a_hm\gfrasitnid systems have baen axpar;EBntalig shown, with

techniques of analytical chgmistrg, to display this sequestration

mechanism (Handrg et al, 1976b; Elzen gt mj, ISB%b) The

hudrocarbon triccsana Ernm corn is saquastarad within

'Hﬂllnthlﬁ Zga moth scales, and their dispersal in the Field

incites searching by Irichggramma gvenesgens. - Haptanoic
acid from potatoes is concentrated within the frass of

E&hnngmgﬁn Qperculella and as such indqéas searphing by
Qﬁnilﬁn lepidus. A group of sesquiterpenés Erom cotton: 4

Flowars and huds was Found in H. _ngggnng larvae and Erass
From larvaa Ead coE%on but not in samples of artificial
dist-reared insects or frass., These allelochemicals act
both as kairaomones with respect to the larvae, and as’
sgnomcnas;gmanating from the piénts.

It is highly probable that sequestiation of
aiialochamicals;and other plant chemicals in herbivorous
insects occurs for reasons other than to attract natural
enemies. Houaver, parasitoids have adapted to thesse

substances bacause it is @ .profitable arrangement It is

o also very likely that marsy more of such sgstéms -exist, but

'

" are yet to be discovered (Hendry gt al, 1976a).

>

-
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,

1.1.4 Host_Recngitibn‘and Acceptance

A diverse grange of host recognitisn kairomones have
been idantif}ed (Table 3). Those which originate in the:
host insect may occur exclusively in the hasmolymph,
cuticle, accaésnrg glands, mandibular glands or\gilﬁ’ﬁlaqﬁé
of léfuaa, or in the wing scales of adult lepidopterans.
Often, these substances occur in several regions of the
host’'s anatomy, or throughout the organism. SeQeral are
hast ovib&sition—daterrant or epidietic phsroﬁohas. Thare
afa also examples wheres chemicals of host plant origin may
be concentrated in the host and host Erqss, althnuqh causa;
and-effect relationships have nbt ﬁeen demonstrated by
analytiecal cﬁamistrg techniques. |

In one case, plant chamicalg alone (from tomato
leaves) have bsen shown to induce oviposition responsas in
Irichogrammg pretiosum (Nordlund gt @}, 198S), but the
active compnund‘has not yet baen'identifiad. Fungal
Farmen ati'n products arazimpnrtant ovipﬁsitor prabing
stimulant®’ for ichneumonid parasitoids of wood-boring wasps
(Madden, 1968; Spradberry, 1570). A mutualistic '
association exists between siricid Qasps and parasitic
Fﬂhgi Cﬁmu;g:;gnﬁum spp.J), where the siricid inoculates the
traa.upnn oviposition, and the fungus suhsaqusntlg_invades

J‘~--the treé, creating a mofé‘suitable.anvircnmant for siéicid
davélopmant. The ‘ichneumonids which parasitize Siricidaéj
takg advantage of this mutualism in host_finding and

recognition.

18
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From thersurvau of host recégnitian and aqceptancé 4
' kairbmnnss,.the role of the host plant at this stage of the
host selection précess appears to Sb miﬁor: Most of tha
ssmicchehicals invulQed in hbét.récognition and aqceptanca_..
are Hnst—sgnthesized biomolecules. Houwsver, it”shuuld bme
acknowlaedged that cﬁangas in host plant qualitg'can
hgpothstiéallg affect the s;nthasis or metabolism DE-thesa ~
compounds Eg Bffepting changes in the physiology of the
herbivare. This may partially explain mhy it is possible

to rear parasitoids_én factitious hosts, a procedure
successfylly accomplished by raaring‘the’hosts on '~
raiativaly ‘inect’ plants, of artificial media (Simmonds,

e . : N
1344; Fedde gt gl, 1982). .



N

}.1.5 Host Plant Chemistry and Host Sui£abilitQ

-

According to Uinson and Iwantsch (1880), host
suitability is primarily concerned with factors affecting
tha'praimaginél stages of parasitoid‘lifa. These authors
have ravieswed the subject in terms of  Four main elemants .
indolvad.in 5uccassfu1 parasiteoid developﬁqntg
(i) Avoidance of, ar'defancé against tha-hostﬂs im@ﬁﬁe
sgstgm; (2> Competitiaon with other parasitdids- (3) The
preéenca of toxins; and (&) Host nutrltlonal .adeguacy.

The literature concerning hcst plant effects on host
suitability relates to all but the second of these
categories, which may also be classified as direct effects
of alialnchamicals toward éha aevalcping parasitoid, and.
indirect aEEectS _1§_sffacts on the host.

The Eirst documented suggestion of direct
allelochamical interEarance on par351tnid dsvelnpment was
proposed by Morgan (1810), who rgmarked that the - lack of

parasitism of Enlggg;hgn;;gi (Manduyca) sexta ﬁg,agggggigg
.(Cntﬂﬁii) gongragatug in tobacco Fields was likely due to

the toxic effect of nicotine. Gilmore €1938) investigated .

1 M . a o -
this same host-parasitoid rdlationship in the laboratory,

and found that hosts Fad.dérk-Eirad tobacco becama

v

unsuitable for parasitoid development. Narayanan and Subba

[

Rao (1855) also reported the togic affects of tobacco fed

to the gram caterpillar, Pluysia grichalces, towards the.

23

;b;acnnid Microbracon gelechiag. Mortality was 100 parcent

in preimaginal parasitoids within mature hosts fed tobacco,
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- compared toc 40 percent witéih gfam—Ead.ho;;s " Houwever,
when goungar larvas. Ead tobaccn ware par351tizad‘/
Haras;tnid moftality was S9 percant which suggssts that
the host’s age ‘when parasitized inE;anced the_tnxicitg aof
nicotine towards the parasitoidsﬁ

Thurston and Fox (13972) establishad that nicotine in
the haost diet. impaired the emergence of C. ggnnggngtg; From
N. gsexta. Concentrations of 0.5, 1.0 and 1.5 parcsnt"
nicatine in artificial dieg, as uell as topicgiﬂ
application of fhicotine: to parasitized hosts redudad t
number of'amarging C. congregatuys. .

The suitabilitg of Callfornla red scale, ﬁgg;ﬂlgllg
gugﬁ_gli reared on different food plants for seaveral
| hgmenop;aran parasit01ds was 1nvestigatad by Smith o~
- (18957). Hosts reared on Yugga ﬁlllggngglg ware mars
suitable For the encgrtlds ggmgg;;gllg bifaciagta and
_QE_QL_ELEIEQHE_, producing largar, longer-1ived and more-
pgnlific adults (predominantly Faemale), than hosts on
ofande, lemon, gfapafruﬁt;'agave,‘anq sago bélm. In Fact,
mortalifg incrqased maﬂgbdlu For bathlparasitoids
Aevelcping within hosts on.sago palm: and mas.loo percent
For H. :gu;i.. Similar results were cbserved wl£h H. couxi
and the oleander sﬁala aggigigggi nerii EBlumberg and

DaBach 1879). Scalas raarad on lemons were less Buitable

for parasitcld development than thcse reaced on pntato
% N

~,

tubers. . _ ' S

Altahawy gt gl (1976) found that the Food plant of T
Spodoptera littoralis afFfected both the ?ércant : ~
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parasitization of Qicroplitis rufiventris and the Fitnéss
of the emerged parasitoids. -Castof-oil lsaves were

L]

preferred by the parasitoids over cotton or sweet potato.
The diet of castor-oil_leavas coﬁférrad lower mortality in
!.Parasitoid pupae and increagsdtadult longe@ity;comparﬁd to
" the other food plants tested. - . ‘
S Smith (1978) reported that Janus ;h:uggingi was less
susceptible to parasitism by tachihid'Elias‘mhen feeding on

glqnts containing high levels of cardiac glycosides than.on
plants with low levels or nc cardiac glycosides. ﬁlthough.
par391t01d intoxication was nogﬁgemnnstrated in the .
laboratorg, the author acknuwladged that the attractlveness
of the host plant is not exclusxva of haost sultabllxtg in
the ecolcgicgl sense. This is corroborated by the mork of
- Brower et 111(15575, which damunsﬁratad that Monarch _
"V<$ bqttarflg léfvaa (Danaws plexippys) Fed nonpn;sonaus piants
- merg palatablglto blue jays, whereas insgcﬁs Fed pfants |

containing cardenglides caused the birds to vomit.

Carotencids (Rothschild‘gg gl, 1877} and pyrrolizidine

“ 4 -

alkaloids (Benn gt ﬁl -1979) From food plants were éuund to

. persist through harblvorous insects and into their

_paras;toids. Nicotine was found in C, ang;ggg;gg wasps
- and pupal cases, reared from (1. sexta fed Hicntiﬁé;.
N ‘ -~ contalnlng dlBLS (Barbosa QL al, 18B2). Pasteels (1878)

cbserved wing defnrmxtles 1n progeny of tﬁp coc01nallld
predator Eﬂﬂﬂlﬁ varjegata feeding on aphlds (ER_LQ na:a;l

nccurrlng on ;lggugg grecta W When deformad pradatcrs fed

on aphids cccurrlng on dlfferant host plants their prngang
1. "\\
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developed narméllg. Unknown ;oxins-from c. é;gggg ware,
suggested as the cause of these deformities. !

The effects of the glyco-alkaloid «-tomatine (Erom-
tomato foliage) on the ichneumonid Hupoggter gﬁlgugg-mas
'investigatgd by Caﬁpball and. Duffy (18735).7 Tﬁe alkaloid
pe?sistéd through Heliothis zea larvae fad'diets ccntafﬁing '
the compound, and was detectable in the adult barasitoids. |
Although parasitization rates wére not affected by the
p;esanéeuqf the ccﬁpound in the ' host’s diet, the larval
period cf‘ﬂ: exiguae was signiéicanglg prolonged mith 0.3
and O.S;papcenw x—tomatine (wet weight). The pugal‘parind
mas~also‘significéntlg prolonged for parasitoids ra;red
From hgsts Fed O.S‘percant u—tcmatina diets. Pupal eciosion
and adult wéight and.lcngevitg uare signiEitan%lg réduced
at-hoth'hnncent;atiqnsJ édmparéd ta controls,

Because «—tomatine imp;irgléterol.util}zatgdn, th?
augmaﬁtaticn cf B-cholesterol to diets treated with &—
tométi?e attenuated some of the cﬁsgrved effects for the
0.3 percent treatment. In a subssquent study (Campbell
and Duffy, iSBlJ, déformities in antennal, abdominal and
genital structures ware observedlin 20 ﬁefcent of the waspw
‘reared from E, 208 fed diets containing 5.0 pércen£ «=- "
toﬁétina (dry maighta. Ho&ébar, the. adverse effects of the
alkaloid wérg supressed when equimolar or supramclar
augmentations of B—S-hgdfdkg—sterols were includea in the ‘
dfé%s;- Extracts.of foliasge from different tomato cultivars
were tested For cbmparaﬁie toxicity, and it was shown that
toxicity to H. Qﬁlﬁg§§ dBpEndEd on thg*relative proportions

u"' '
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of w-tomatine and sterols within the plants, rather than

3
"

levels oF :x-tomatine as such.
~ . The nutritional quality of the host's food can
.significantig aEEécf parasitoids mh{ch taka suStgnance E{om
“these insects CFlan&e;s,llsﬁa; Hausa and Barlow, 1S61;
2chdy, 19763. The ﬁhggigél size and-agyalupmsntéi‘fate.of
many parasitgids is correlated with that of phe.host (Salt,
1941), and, theréfprg, if the guality of the food plant
affects 'host phuysiolpgy, this will be maniFe:téd in
: patasitoid'fitnaé;ﬁ Two separate cases where the haﬁt -
plant wes shown to aFEact.hbst ;utritionél suitability were
reportsq_bglGreeﬁblattaand Bérbosa leBl). Qlthough

”

.allelochemicals‘msra noﬁ_implicated in, the suitability of

-

. Tgussg moth (Lumantria dispar) and‘fall webworm (ﬁgghgggglé
gunea) pupéelfdr the pupal ﬁarasiioias Brachymeria
" intermedia and Coccugomimus ;gilgﬂgligg,.tha Foliage diets
of the hosts affected thei; nutéitionél"qHa;itg, and hence
:the growth and devélopment of the parasitoi@s. Gggs% moth
" hosts raarea-cn red oak nggﬁ;gg';gpgg) produced laggar and
heavier B. jntermedis Females thgn those rearsed on greay
birch (Betula populifglia), white oak cg; glba), red maple
(Ager rubrum)d or‘sgﬁthatic.dist. Wasp weight was not
dependent on host waight.l Ratrar, nutrifiunal indices
revealed that red nak—rea:éd L. dispar fFemale puﬁas-wars the
most digestible DE the host types, and‘rad oak-reared male
pupae uwere most efficiently converted to wasp bicmass., In

the case of . turjongllae, wasp weight was correlated with

the weight of gypsy moth pupal hosts, and not dapendent an



‘the hoat.traa. JHowever, in the association of cC.
L_E;gngllgg with Eall mabuarm tha haost trsa was fFound to -
be more important. Hosts rearad on black charrg (EEHﬂHi
§§_QLL_§J produced haav;ar masps than those reared on pln
charrg E. ggﬂggl_g_lgg) shagbark thkDPQ (Qg;gi g_gga) or
whlta ash (E gz; us americanal. 7

Faod plants may affect host sultabllitg hg conferrlng
to the host immunity Frcm_tha'hevaloping parasitoid.. Cheng
(1970) investigated pa;asitism by thé tachinid Lupha dubia
of the-mintar hoth Operophtherca QEH gg In tais case,
the relatlonshlp of the host tree to par351toxd
Bncapsulation is somewhat indirect. The diyalopmental rate
of O. qunatg was. found .to be accelerated by Eaadlng on oak
leaves compared to hawthorn blackthcrn and hazel.._k.
dubia attacks Fifth lnstar hust larvae,'and in order Far
the parasitold to BVOld encapsulatlon, it must develup to
the second instar before the hoat;gnters the prepupal
stage. Because host development is aacalaraped an odk
leaves, the 4araae are parasitized latef in the fifFth
instar, aad the prgpupal stage is réachad aafora the
parasitoid has acdgsad to the second instar. .For Ehfs
raasbﬁ a hxghar percentage DE L. dubia are sncapsulatad by
hasts Eaadlng on oak laavas compared to ccncurrant

para51tlzatlnn on other Ennd plants.

28



1.1.6 Resistant Uarieties and Biological Control

Thafu;a'oflresistant crop varieties mag‘not.be
advantageous.in the long term if thaﬁnatural ensmiss of
phytophagous in$acts are adversely aEEactad‘(Philagéne,
1984). The iitératurg is sparse for studias.ragarding_ﬁhe

effects of resistant variéﬁiss on the third tfbphic level,

and many of these studies are concerned with physical (or:

mechanical) resistance,-such as leaf pubeséenpe or
glandQléq trichomas.(Casagrande and Hagn;s, 1356} Elsey and
éhaplin, 1978; Obrycki et al, 1863; Turner, 19B3; Obrycki
and Tauber, ‘13985).

Crop culﬁivams wﬁicﬁ differ biobﬁemiéalig havqaheen
shown in some cases to affect significantlg fhe performance
oé natural enemies.‘ Franklin and Holdaway ngBEJ Found
that the tachinid Lydella thompsgni (grisescens) uaé
pféferentiallg attracted to the corn hgbrid A332 x A334
6§sr‘tha hybrid wee x 97;, aven tﬁough both were equally

susgeptible tQ’EBeding by Eurdpean corn horer.

Subsequently, Sandlan gt g) (1983) investigated parasitism

by L. ;ngmagbgi;nn resistant and susceptible corn | }A_//ka‘\\\

varieties. Although parasitization rates were Fand to be
dapgndent an hcét density, raﬁﬂer'fhan1tha cultivars as
such, the,susceptible variety (w22 x.ﬂ73)'prcduéed heaviaF
parasitoid pupae and more Fecund adult Females than the
other cultivars tested (Mn S302 - rqﬁistént: M14 -

susceptible and OH-43 - resistant). Thésa differences were
»

not statistically significant. However, a biologically

\
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significant thras-Eold_incréaga was ubssg@ad in thé number
of .sggs produced per Eemala‘per.dég E?bﬁ“mee-x A73,
relative to the other varieties.

In 2 study concerning the.graanbug parasitoid
Aphelinus ;ﬁdﬁﬁii; Esmaili and Qiida (13719 found that
mummies produced onyresistant KS 30 sorghum were
sigp%Eibantlg smallgb-in size than thbse produced on Arkwin
-oats (susceptible) and Diktoé:barleu Cresis£ant). Numbers
(o] muhm;as and percent -pupal éclosion were not
significantly different betwsen the crop lines, but.
fecundity was reduqad_on KS 30 sofghuﬁ. In ﬁhis case, one
resistant cultivar (KS 30 surgthJ adversalg afFfected the
parasitoid, while thé other (Diktoo barley) exerted no
detrimental effects. In fact, more mummies mera'prnduced.
on Diktoo barley compared to the susceptible Reno barlsﬁ

"

cultivar.
Starks gg'§1:51572) alsc reported reduced mummy size

for the greenbug parasitoid Lysiphlebus testacejpes on

resistant barley and sorghum varieties. Howéver;Qas the

» oo
?

number of parasitoid mummies produced was considerably less .

than the reduction cbserved in the greenbug population, thq
integration of raéistant variaties'and biolagical ;chtrnl
was Jjudged to be successful. " Salto gﬁ ﬁl (1883) observed.
no adverse eEFacfé towards L. testgcejipes with resistant ‘
oat varietiaﬁ. Fecundity was no£ significantly different
in females reared from hosts on CIHBQB (resistght) and Nora
(susceptibléj oat cultivars.

Another example of hdst plant resistance cpmpatibilitg

3
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with biological control agenxs g raported by Pimentel and
Whesaler (19733. Resistant alfFalfa varieties did not hinder
the éctivitg‘of'parasitbidé and;p}édators tﬁwérds pea

aphids” uwystt (1970) Found that parasitization by @phidius

matricarieg was actually increased on rasistéﬁ%

' chrysanthemum-cultivars compared to susceptible varieties,

regardlass of host (aphid) population'densitgﬂ
Howsver, Orr Bt al (1985) Found that stink bug eggs

0v1p051tad on the resistant sorghum cultivar PI 17444 were

1955 suitable for the egyg parasitoid Iglengmus EDQLQEHE

than thogse on the BusceptiblE Davis variety. Parasitoid

emergence was significantly reduced, as was the fecunditg_

and duration of the ovipositional period in~females.

It is apparent from the studies reviewed that

. resistance hreeding may or may ﬁot be compatible with

biological control. Individual cropping systems should be

CBrEEpllg examined before such étrategies ara implemented.
.‘»}‘

l.2 Objectives:

The principal objectivas oE the present rasearch ware
to 1nvestigata the phgsiological and ecological aEFects of

secondary plant substances on the third trophic laval

using an economically impartant host—papasituid.éssnciatinhu

" Qatrinia nubjlalis and Diadegma lerebrans. Two different, .

plant derived compounds, barberine and «- terthiengl -

-chosen for their differant physical and biclogical

propertiss ~ were used to demoné;:qte the peossible

consequences of sécondaru plant suQsténcss on thq natucal

a



enemies of phytophagous insecté;. The Effacts unda;‘§£udg"
included: . ' . E .
1. Phgsxolbglcal effects on the host 1nsect Q. nnp;]g];g
and the para51t01d D. terebrans;

2. The ihElyence of treated hosts on host selection by ﬁm

tecebrans; and,

.

. . 3
. 3. The persistence of, naturally occurring insecticidal-

compounds through the food cthain. ¢

1.3 The Experimental Insects
1.3.1 QOstrinia nubjlalis CHibner)

(Lepidoptera: Pyralidae)

L

The Eurnpean corn borer is a well-known international
pest of corn and mahg other crops. Since ‘it was introduced
to the United States on broom corn in 1909 (Caé%rag and
Worthley, 1527)% nveé one thousand studies haQe been
devoted to the biology and control of this dastruéti@a
lgpidopteran. Thése will not be complata%g reviewed hera.
Rather, the aspects of this insect pertinent to this

research will be highlighted.

The geﬁa:al hiology of d. nubilalis has been described
by Guthrie gt al (1971). Eggs are deposited in masses on-

o

the underside of the host plant leaves. Prior to.eclasian,
the cephalic capsules of thé embrgés melanize and become
viéiﬁie through- the chorion - a condition gnomn as the
black head stage. Undar'the rearing énnd;tions of this

laboratory €(2.1.1), hatching oécur:ed within six hours of

the appearance of black hepads. ' : N

LA



o

~Ihere afa normally five larval instars. The first and

second instar larvae 599q on leaf tissue; third instar
larvae feed within the whorl of the plant and subsequentlg

‘
burrow ihto the stalk. Tha Ecurth .and Ezfth 1nstars ara

péssed Mlthln the plant Eeadlng and excavatlng vartical )
tunnels through the stalk. These are the mosf destructive
instars;-caqs}ng :indging' in corn (thé waakened 'stalks
%all'over) whén the numbgr‘pf borers per plant exceeds thé
economic threshold fFor the particulaq cultivar. 'if'tha
Fifth instar larééé do nét enter diapéusey pupation will
occur within the stalks, and adulté emerge and escape
'through the burroms ta begln a new generatlon during the
.SAME sSeason. Utharmlse wlntar is spent as mgture larvae
‘in diapause withln'the corn stalks. |

| :The number oflgénerations_per ueaf vagles witﬁ
location and latitude CDévidsnn_and_LgnnT_lSZSJT-Ln—
Ontario and Quebec, there are two strainms of Q. nubilalis:
a univoltine strain and a bivcltine strain (Mcleod and
Nagai 13979; Foott and Tlmmlns 1881). However, diapause
in this insect is prlmarlly controlled by photoperlod and
temperature regime (Beck, 1877). Although the colaony in
the Ottawa laboratory ar}ginatad From a nucleus-ofléhg
bivoltine straih, the proporticn of larvae entering
dlagéusa was kept very low by tha uss of a non- dlapause-
inducing photoperiod and temperature schedule (2. 1 1)

The principa; host plants of 0. nubilalis in Europe

were réporﬁedlg corn, hemp, hops and millet, and, in

addition, there is a varisty of minor Food plants (Vinal

1
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and Caffreay, 1819).. Héwever,.the inséct is clearly cépabla
_bf adaptingfio‘néw Eoud'plants,'”CéEEreg and Waorthley

©(1927) reported it feeding on 152 plant species in thi_

" United States. A more complete host plant list uws

_published by Hodgson (1528 w?iéh includes over 200 species
reprssenting'§0 Fémiiies: As éarl, infestations of [,
nubilalis in crops previously untouched cr .rarely attéckad
bg‘thg'pest have been recorded in recegt years (Willson,

1980; Tedders gt al, 19B1; Weires and Straub, 1982).

1.3.2 QDiadegma terebrans (Gravenhorst)

¢ Ichneumonidae: 'Campopléginae)

3

»  Diadegma tecebrans (Plates 1 and 2), native to Europe
and.hsia, is one of 17 exotic parasitoids imported from

‘ . . R
1327 to 1840 For biological control of European cnr% borer

(Baker gt al, 1949, as ﬂg;gggggi‘ggn;;ggigg'cRomanJJ, and
is-oné of the Four.larvél'parasitoids which have became .
established in Nortﬁnﬂmerica. Homayar, parasitization
rates of this ichnepmonid in the field have heen .
consistently low (Peairs and Liilg, 1975; Hill gt al, 1978;
Wwinnie and Chiang, 1978; Andreadis, 1980; 1982; Lewlis,
19823, The parasitoid has become established in southern
Dntariu; mest probably as alresult aF'm}graticn From Ohio
(wréssell, 1973). |

" B. ﬁg;gh;gn; was chosen for this Q;udg primérilg
because of its availability and rsfativelg simple culture

method. In additioni it is a solitary parasitoid, and

therefore uniform food availablity For developing larvae
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. Plates 1 and 2
1. Female (left) and male (right) Diadegma tersbrans.
2. Female . terabrang parasitizing an, Qstrinia nubilalis
larva feeding on a piece of corn stalk.
ot G .
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was a gratis condition of these experiments. As well, it

is an endoparasitoid,;residing in the host's haemclymph,

- and as such is maximally exposed to toxic compounds

Fd

ingssfed by the host.

The binloﬁg.qf this fbhnaumbnid.has been described in
detail by Baker gt gl (1949). Egés are deposited singly in
the haama;gmph and hatch.in 32 hours at 88:5 C. If a-
female 6viﬁasits more than‘un#e in a single host, anly one
larva survives; éupernumarglfifst instar ;érvaé bebome
ancaﬁsulétadz 'UnEertilizsd eggs give rise to male progeny,
buﬁ‘Eartiliin eggs may prpduca‘dffsp;ing cf either sex
(theglara arrhenotuknus),‘ - '

There are three larwval iﬁstars; but the major part of

L. tecebrans’ developmental time is spaqt-in the First

.instar:; The parasitoid does not ecdyse tao the second

instar until its bgst reaches the Ffifth instar, and the
second and third instars last only a few days. - Mature
larvae exit Eroﬁgthe anterior third of their hosts,

Hbmavert feeding continues until the host is completely

consuﬁad excapt for tha'cephalic capsule and possibly some

" destccated larval cuticle. Baker gt gl (1949) Found that

the average duration of the internal stages was 14.S days.®.
at a constant gempsratgra Of‘25.5 C.

Upon completion of feeding, the parasitoid sping a

~cocaon - a silken structure'lined with sacrstinoqgﬁﬂ

material. The pupal stage lastsvs.% dags. an average, at

6.5 C (Baker gt gl, 1349). Adults emerge after gnawing an

~exit hole at the end of the cocaoon. The males normally

37 .



precede the Females by at least one, dag A Fluid meconium
" is left in51de tha empty coconns ‘ : .

The diapause physiclogy of Q ;g;gn_g_g is 1nt1matelg
connactad mlth that oE its host. The parasitoid will
overwlntar gs a first 1nstar larva mlthin a Fifth instar
f.hnst in diapause, which suggasts that the phgslolnglcal
changes associated wlté prepupal 0. “halgl;g ‘are necessarg
for Q ;g;gg_ggg ecdysis to ths second 1nstar (Bakar st ﬁl'
19483, In natura the par351toid is well sgnchronlzed wlth
‘the. unxvoltlna straln of its host (NBHDJIDVLC, 188&b) and
the First generatlon 0? the bivoltine strain (winnie-aﬁd
Chiang} 19827 . Howsbér; the.second generation 65 D.
terebrans as=nhxatad wlth tha siaFnd ganaratxon of the
blvoltina straln OF D nubilalis does not colncida with
peak host abundanca (winnle and Chlang, 1888) “Ihis mag‘
partially axplain-the.obsarved low 1evels of‘parasitizétion Q;:;/—
in the Field with D. te 'Eggraﬁé | '

Apart from corn, 0. ﬁgregggﬁs'hasvﬁaan‘racoverad'Erom
‘0. nubilalis on__common burdaqk} common mug@ort, hamp and
haps (nancjlnvic,.lsa&a). It is not knogn to parésitiza
othaf insect species, probably ba;ause‘cf tha.épacificity.
of the sgﬁﬁfotic virus associated with the ovaries of this
parasitoid (Stoltz et §L,'158;§:,{Thé virus is injected

into the host upon oviposition, méking the host enviconment
suitable for parasitaoid dsvelopménﬁ. In effect, .the immune
system of the host is altered, such that encapsulation of

the parasitoid is pravented (Stoltz and Oinsoﬁ, 1879).
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1.4 The Experimental Compcunds : ™

1.4.1 Berberine A\
3

Berberine (umbellatine; S,5-dihydro-9,10-
dimethoxgbaﬁzo[g]—l;a—ﬁenzndipxnla ES,E;a] quinolizinium)
(Figure 1) is an ianuiﬁoline alkaloid which occurs in.at
}aast 26 genera of ten plant fFamilies (Suffness aﬁd
Eafﬂell$'1885). A great deal of literaturé has been
puglisheﬂ regarding its antitumor éctivitg (reviewed by
Suffnéss and Cordell, 1885). ‘It is alsoc known to be
_Eungitoxic (Greathouse and watkins{ 1938) and antimicrobial
(Yoshikazu, 1976). | !

'Bgrbarine’s insecticidal activity is well~documented.

It has been shown to be toxic to the Colorado potato
i L5 .
beetle, Leptingtarsa decemlinigta (Bubr et al, 1958) and to

the silkworm, Bombux mW&ci ¢lIsogai et.al, 1973). Chronic

effects on growth and developmental parameters were
: ~

reported by Dgyitt et gl, (19803 for the dark-sided ?.
cut&;;m, Euxpa mﬁggg;ig; fed larvalldiéts cnn?aining 3
mg/g ﬁarberina. Savgré mortality in the larval stages
rasuited with berberine fat a concentration of 10 mg/g in
the diet. The phototoxic activity of berberine towards
_insects was demonstrated wi;h the rock hole breeding
mosquito aggg% atropalpus by Philogéne et gl (1984). In
‘the presence of near ultraviolet radiation, the acute (24

-hour) LCSO was found to be B.8 ppm, fLompared to 250 ppm
i

in darkness.

o

Berberine is known to have two principal sites of
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pction.. It‘has_haen'shaﬁn'ig gi;hﬂ’tg iatarcalaté with ONA
(Krey and Hahn, 1588} Faddejeva gt gl, 1850} Rungsiliyakorn -

gk al, 19817 Maiti and Chaudhuri, 1981>. In addition,
Faddejava gg.gl (19802 found that barbariné uncoupled
respiration and'oxidativa phosphoéglatinn %n intact rat
livar mitnchﬁndria; Barberine’'s phntctuxie (in the
presence aof near ulv.) mechanism is singlet oxygen

ugeheraticn (10é is produced when 0O, reacts with the

e

photaoaexcited alkploid). Because berberine intercalates

with ONA, the photmnxidativa damage caused by 1

0e takes the
Form oi{:hrgmosémal abarrations,(PhilcgEna ag-al, 1884).

: Berbering was chosen as a mc.:cial-' c;:mpt;und [-‘c:r" thiss
sﬁudg for several reasons.. As a qugtsrnarg ammonium
campound, it may pe transported acrass the bloéd:Brain
barrier if converted to its dihgdfo da?ivative (deot gﬁ~:5~
QL,.lsﬂl). ' However, because it is hydrophilic, it may also

be rapidly excreted ‘at sublethal concentrations. In

- y : ok . -
addition, the compound is Fairly heat and light stable.

"Finally, synthetic berberine is available is quantity, and
‘ N .

this is an important considetation for a detailed study of

)
- c/
third trophic level interations. .

l.4.2 «o-tarthienyl

a—téfthiangl (x-t) (Figure 2) is a thiophene @hich‘
pccurs in numerous genera of theIQStaraceag (Bohlmann gt
gl, 19733 . It has long been recognized as one qf thé
nematicidal principals in marigold roots (Iagetas spp.)

(Uhlenbroek and Bijloo, 1S58). Recently, the phototoxic

£
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o Molecular Structure of «—terthienyl
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- pfdparties of this'compnund have been daﬁonstratad;
‘_(Towers 1984 and references cited therein). It has been
shamn to.causa cell 19515 and anzgme damage in human'
'ergthrbcgtes (Yamamoto gt al, 1379; nacRae g; QL, 1980; wWat
21 aL, 18S80) and, additionally, is bacterlcCLda; (Domnum Bt
“al, 1982), foungitoxic (DiCosmo gt al, 1382), aiielnpathic
(Campbell gt @l, 1882) and insscticidal (Arnason gt gl
1981{ Champaéﬁe, 1984 ; Champagna g; al, 1984; Downum et El,
198& Philogens gt gl, 13885).
- The enhanced toxicity of «-t in the presence of near
ultraviolet radiation.was shown to be phatodynamic, or
—aoxygen debendent‘(ﬂrnason et sl, 1881;Aﬂnmnuh gt al, 1982;

~

Mclachlan gt gl, 1984; Garcia gt gl, 1984). Physiclogical
- damage ncéurs'at cell membranss when cell membrane componants
are oxidized by singlet oxygen. «-t is also toxic. to

insacts in tﬁe absence aof u.v. radlatlon Chémpagna {1884>
demonstrated tha potent fesding dsterrent and growth
inhlbitlng aEEacts aof 100 ug/g q-t in larval diets towards
the dark-sided cutworm, Euxoa messoria, the tobacco
hornworm Nandyca sexta, as wsll as tl‘f@ Eurcpean corn

borer. The biochemical machanism of this insecticidal /

insectistatic activitg is not preciéelg known.. Howsver, a

reduction in nutrient assimilation Was ravaaled by & series

oE nutrient utilization indices. *

x— t was chosen as the second madal compound for the
. presant study bacause it is highly 1ipoph111c (lcg p = 5.6,
whare p = the octanocl / water coaniciént)'(NcLachlan, 1984).,

In contrast to baerberine, the site of action is at the

A



membrane Ié;al (Towers, 1984). u—; would likely hava:tc bse
‘modified by the insect’s detoxificatiﬁn enzgﬁé systems
priocr to excretidn ﬁdditionallg, the compound is
practically SUltEd to this type of studg It is Fairly

heat stable, and not readily photodegraded. Synthetic «-t

was also available in decagram quantitises.

1.5 Plan of Study

An immediate problem arises in executing a study of

. the eFfech of insecticidal compounds‘frqm ﬁi;éts on
entémophagous fnsects: an eﬁdoparasitoid must be exposed
to the toxic suﬁs?anéa via the host, in contrast to
coﬁventicﬁal insecticides, which can be sprayed. . It is
necessary to intoxicate the host iésect. yet keep it alive
to suppprt'the development of the parasitoid.' Therefore}
it was essential for theselexper;ments to determine a
concentration range for berberine énd «—-t which would be
.sublethal to 0. pubilalis. AFter preliminary axperimenﬁs.
it was decided thgtxthree concentrations woqid be
suEFicien; to demonstrate the various effects oflthese
compounds on Q. hubilalis, and to simultansoﬁslg.
investigéte‘if'similar effects could be seen in Q.
;g;gg;ggg. Furthar, the study was réstricted to the ‘dark’
toxicity of these compounds, and there are two ressons for
ignoring phototoxicitg in this research. First‘ a.
nuhllnllﬁ larvae habitually burrow into their Food medium,
and so expcsing them to an ultraviolet light source s a

difficult techrical problem im itself. Second, the

1]
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phototoxic proﬁetties of these compounds towards immature

0. terebrdns would not be manifastad under natural field
conditions. Since.the hast instars pargsitizad are” the
second and third, which burpow intcﬂthé sfalk'of the;hnst.
pant, the parasitoid is practically shielded from sﬁnliqht
during its preimaginal life. ' '

In an attempt to investigate the effects of these

compounds on [. tergbrans, dual-choice tests (treated hosts

versus controls?) wera conducted using l2-day-old larvae. A

" 3
dual-choice system was preferred over a8 multiple choice

’

system for the following reasons. The parasitization rate

obtained with these insects in this laboratory was

.

_cbnsidarablg less than 100 percent. As well, the female

wasps normally pruba into their potential hosts with their

ovipositors, and so many of the larvae offered For

parasitization dié-from évere mutilaticnf Therefore, it
was necessary to expose lxrge numbers of larvae of "'each
treatment group to ohtain a8 rf®ascnable number of sdrviving,
pa;asitizad lérvaa For statistidal purgoses.‘ This was
gr?atlg facilitated by exposing the groups in‘paifs of

treatment plus control, rathér‘than all QF the treatmants

at one time. _ . -

It was.observed that in some cases the female
uasﬁs were preferaentially attracted to one gfoup of hosts
uvé;gtha other iﬁ some of the.;airs.of groups presented for
parasitizaiion. This-mada’cumparisons of grouwth-
parametears statlsﬁicallg unreliabla.‘ Therafore, the

developmantal effects and survivcfship rates werse studied

t
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in a no—choicalégsﬁam using host insects of a uniform
phgsio}ogical status. Further dual-choice testa using eo
physiolegically Similar hnét insects uwere candu:éed to

- elucidate whether or not the presanca of the compound

within the hcét’S'dieﬁ'could havé an effect on - | | X
parasitizatian ratss} irrespactive of phgsialdgiéal age. A
dual—choiéa test was‘alsn performed batweég)untreated

second and fhird instar Q. pubilalis, toc check for
diEEé}eﬁces in successful parasitism by Q. terebrans due £o
host instar.‘

. Finallg; the”ppdg burden of these compcgnds-iﬁ
potent’ial hosts, and residue in pafasitoid adults wefe
analyzed quanfitativelg by HPLC. Body burden studies on
second and third instar Q. nybilalis would provide
information as to whether or not some of the observed
ovipositional prsfarencés cn the gart of femele wasrs could
be linked to the presence or absence of xenobiotics in host
tissues. Residue analysis in parasitoid adults, and
cocoons with meconia, couldwprcvgde at leest a partiai
explanation for the abserved physiological effects and'
mortality. diitionallg, this information could provide a
. basis for praéictions régarding the fate of adult wasps

exposed to ultraviolet radiation after emerging from hosts

reared on diets containing phototoyins. o

b 7 ‘ % .
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///F ' 2.0 METHODS AND MATERIALS | | -. T .

2.1 Rearing'ﬁath ds

©v2.1.1 Qstrinia gubilali o .

A lgboratorg colony oEngL;;nlg nubilalis was '
initiatad.using eggs sdﬁblieq'bg M. Hudun'CﬁgricultLre
Cégada, St. Jean, P.Q.) and periodically boosted with eggs

l:suppk;gqvpy G. HcLamd“(Agricultufe Canada, London, Dntﬁj.

. _ The cult&hs wés_maintainad according to the method of :

Guthrie gt al (1971), except that ;nrh caohb g;its ware added
as a supplemént to the 'méridic diet fed toc the larvae,

- -

- Larvgg were reared within a contrclled anvirbnméﬁt
chamber (Conviron modefﬁgﬁl, with a photoperiod of 16/8
‘.CL/D),.at_ES.S C during the photophase, and 19 C dhéing the
scotophase. 'Relptiwé humidity was kept constanmt at 80%.
Lighting was provided hg'Eﬁu: 20 W solar simulating .
fluorescent lamps (Uitalight®‘i8'f18 U.H.0.) sepaczated From
the chamber by a 3 mm sheet of plaxiglass: .The resu}tant
light intsnsitg.iﬁ the chamber was ﬁéaéured to be 7.6
l:l/m':‘i w;th-a Yellouw Sﬁfings Radiaometer with a.u.v. cut-of F
at 390 nm. ¢ |
‘Rdults’wsra‘ﬁéintainéd in a plaxigiass.and.éiuminium
scfesn cage (inner dimansinng Ys x 45 x Bl bm in height),

in a controlled envifonment chamber (Conviron model E7)J, -

.

with a photoperiod of léls‘(L{D) at 26,5 C Cphotophase) and, -~ ¢

»

.13 € (scotophase),  and .a constant. relative hemidity of 85%.
Lighting was provided by four 60 W fluorescent lamps

(Coclwhite F4BT12/CW/HO) and one 40 W'incandescent bulb,

-
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‘w/m

separated from tha chamber . by a 3 mm sheat .of plaxlglass.
The resultant llght intensity 1n51ds the cage was 3.6
E. : :

The moths were providad withldistilled water sprayed
into the cage saveral times daily mlth a hand- held plant
mxstar In addltlnn a pnrtable ccol—sprag vaporizer was
posxtloned in tha chamber adjacent to the capge, with the
cutlet port facing one side‘of the scpean.cage. In.this
wag,fdrinking Patef'was accessible ‘while the culture was.

unattended.

2.1.2 [Qisdegma terebrans
fDiadegma tersbrans pupae were obtained Erom R. L.
Uonasi(Univarsi;g of Minnesota, St. Paul, Ninn.), and

‘ _ ..
reared according to methods in that laboratory (Chiarg and
Palmer,. 1378). Adults were maintained in a plexiglass and

steel screen cage (inner dimegnsions 51 x 51 x 59 cm in

height), in a cnnténlléd environment ‘chamher. (Convironj,

P

equipped with a humiditg ragulator. Lighting was provided

by 91x 20 W solar simulatlng fluorascent lamps (Ultalight
()HETIE U.H,0.) saparated from tha chamber bg S mm glass.
The rasultant light_intansitg was B w/ma. Raaring

conditions were: photcperidd 16/8 (L/D), tempsrature 25 C

(B. hours) and 15 C (1B hours), with thethermophase

osccurrcing one hour aEtar the commencement of the

photophase. A eanstant relativa humiditg of 70% uas

~
-

malntalned within tha ch mbar

<

Adults were provided with distilled water From a

50
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bottle with a wick df.dotton wool. Haoney waa‘suapidad-from‘
“a.dnttan-wool pad snakad‘with distilled water, on ﬁha'
acraan ceiling of the raaring cage. Additional honey was
available From a S cm (dlamatar) crystallization dlsh A
Filled with cotton wool and soaked with distilled water, on
the Elgor of~th§ cage.

Routine parasitizatimn;uas accomalishad as follous.
Betwasn 100 and 200 second and third instar Q. nubilalis
larvae mara'rambvad ébom tha,mass cultufalbdxaa and alacad
in an amptg raaring box mithlahopped corn stalks-
(approximatalg 2 cm.longJ * The presence of carn prdv;dad
‘an assantlal st1mulu5 for host - racugnitldn bg thasa wasps
The sweet corn hgbrld Silvar Queen CStokas) was used in
all raaring and axparlmantal prnceduras because nE lts
suscaptxbllitg to corn borer feadlng (Mason 188%, personal
communication). Most of the corn used for routine rearing
was Erashlg harvaatad, but dccasionallg frozen and fhamad
corn stalks wersa suhstitutad whan the supplg oE Fresh corn
was limitad ﬂll of the carn was graanhouse-groun.

The rsarlng bcxas wlth the corn and larvae uwers
cuvarad and ‘the larvaa alldwed to feed and burrow‘lnto the
corn dvernight The Ec&lowing dag, dur;ng the tharmuphase
the bdx was uncnvarad and . placed into the ichnaumnnid caga,
rraisad ﬁs;cm above tha Floor‘bg a retort stand with a
supporf ring. Larvaa wara axposad to the parasitoida for
approximatslu ona hnur and tnan ramov;d Erom the caga.

‘Tha larvaa were then dissected from the corn, and placed

into a 1 litre mason jar filled to approximatel( S cm with

=



) . . ‘ ..‘SE
the meridic (wheat garm—based) dief and capped m;th a rlng
tep and a. Eltted disk of brass or ccppar screan.

ﬂftat saven to ten dags 40 to SO cm of papar
tomslllng wers crumpled and placed lnto the mason jar
aboqe the diet. Par331tized-l§fvae and prepupal
unparaSLtlzed larvase mnulp crawl into the paper, and pﬁq
para51t01ds would emérg; and<pupate ;n thg paper. The jars
of larvae were kept.in'the sama_chahbar as the mass-reared
] B. nugilalis larvae. Pupae were harvested waeklg by
searchlng through the paper. The pupae were héld in'lO cm
glass petri dlshes llnsd_on tﬁa bottom with a moist Flltaf
. paper dlsk thatman no. 1), wheﬁltha First adulgs-aﬁerged,
the dlSh w3s transfsrred ta the adult cage and the cover

ramovad.

2.2 Prsa;fation of Test Compounds

Comm%rc1allg avallabla berberine hydrochoride (Sigma)
was recrgstalllzsd twice ih 99% athannl (Phllogene et al,
1884), and its purity verified bg HPLE (see 2.8). The
chrnpatcgram obtained by monitoring at lambda =~ ES%.nml
giéldéa one ‘peak, aﬁd the u.v. scan of this'péék pfnducad
the chafééts;isticlberbarinaAspsptrum-(lambda‘ . at &BS

, hax
and 343 nm).

’Sgntﬁétic x-terthienyl was obtajned fram D, P.
Morand CDapartment‘nE'Chamistrg, Univars;tg :% Ottawa) .
The égnthasis,nf.tha.pérﬁicular supply of «-t uéad ig
‘described as synthesis b. in Philogdne gt al €1985). The

purity of the batch was varified by HPLC (gee 2.8). By

™
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mdnitoring at lambda -‘ésg ﬁh,'tha chromﬁ%ugfam yielded
one peak, and the u.v. scan of this peak produced the «-t -

:spectrum.(lambdamax at 265 and 350 nm). , . «

T

2.3 Preparation of Test Diets

Cdy

The meridic diet used for all geéts mab‘ptebarsdlas
described by“Guthrie gt @) €1871). Howdver, ths
antimicrospafidiai agent, bicgclohexglémmcniﬁm Fumagillin
(Fumadil B) Qas omitted from the test diets for the ~
Qﬁ&;;_;ﬁ ngh;;allg growth studies, due to llmitatlons in

. the 3upp}g of the additive at the time theg werea done For
| all sxparimsnts the concentrations of berberine‘and x-t
~in the maridlc diets were 10, 31 -and 100 ug/g wet weight .~
- For the prsparation of the barbgrins diets, the’
'.compound'wés-pramixed mith distilled water. A stock
so;ution of 0.5 mg/ml berberine was usad-to'prEpare the
10 ug/g diets. ﬁ?or tha‘31 and -100 ug/g concentrations,
berberine crystals were weighed out:cn an analytical
balance (Mettler AE 163), -and mixed with 'a small qUanititg
of water to Form a slurry. The additinnél‘matsr fFor all of -~

-

the berherine diets, including the ccntrnl,fconstituted 2%

4

of the wat weight. *
For the «-t tests, a stock solution of S mg/m) in 35%
K\‘.\\J ethanol was used in the praparation‘of'gll treatéd;diets.

' Because of the high mortality observed with concentrations
of ethanol gresater than 14 in the diet, a—cellulose powder
(Alphacel, Bioserve) was used as an inert carrier.

Appropriate aliguots of «-t stock solution were pipstted o

\\f | ‘ s
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into beakers cuntaining a-maasdrad amount éf u—celluiose
pouder. - The ethannl was allomed to svaporate avarnight in
darknass qri liaga?kaﬂad vacuum desiccator Eor savaral
hours._ Thé/amount of u-calluibse powder added to the «-t°
diets, inclﬂding the control,‘coﬁstituted 2% of the uwet

weight.

. . N -
'Quantitiss of warm, unsolidified. meridic diet werse

‘méigﬁed ianegibrs using an electronic .balance. The test

ccmpounds in their inert carriars were then.added to the

ligquid media with vigourous stirring with a glass rod The

-treated diets were than g;ured into 1 x 1 x 1 cm cubgidal

"

moulds and allowed to cool and set. Each of these diet

N

cubes weighed approximételg 2 grams.

-

2.4 Qgggl_;ﬁ _thlﬂilﬁ - Grnmth and Davslapmantal Studias

mith Berberine and a terthlengl

Thittg to fiftgfﬁennata larvae of uhiform age Cwithin
six hours of eclosian) were placed_on-é-gram cubes pf the
variousig treated and control‘meridic diets in 20 ml glass
scintillationﬁéials plugged with cottan youl._ After eight
dagé.'syrvqurs ware randomly chaosen, weighed on an
aﬁalgtical balanéa and .individually placed on one gram
(one half of a cube) of the appropriate dlEt/j
Subsequently, tha larvae were weighed; and diets and viais
changed at Eour day intarvals These exberimental subjacts ;
warea abservad dallg Enr metamorphu51s and the dates‘of j“ -.
these esvents wsre recorded.

Pupae were weighed orie day Folloiing their Formation,
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- %‘ =
L n order to allow the cuticle toc harden and thereby prevent
. . U -
</innece§sq£y stresé.,’Each pupa was Placed in a fresh vial |

Lﬁéth a strip aof moistaned filter paperuzf maintain high
humidity wighin'the vialsl__ThB fFilter papef strips were
Aramoistanad dailgf

ﬂdults.mers weighed and sexed Dn;the day of emergencs.
Mortality was noted wﬁen it oécurred; escaped subjects and
accidental deaths were not included ih the statistical
analﬁéis. L

Experiments were set up as three'repiiFapas qf 10
insects per treatment for each compound. Hnalgsis af
“variance with Duncan’s Nultiplé Range Test was pérfofmaqlon .
weight data using the SAS General Linear Hbdel§ Pfoceduré.
The time heasuremeﬁts were subjected to.ths Kfuskal-wéllis
‘Test (SAS NPAR1WAY Procedure), as this data was not'of the
form of a normai_distribution. In all anélgsas, the level
of signiéicanda was taken to be b.OS. Because of the
natural diffFerences between the sexes in weight and

deﬁalopmsntal rates, growth parameters were analyzed -

saparatelg For males and femalas.

2.5 ﬂlﬂﬂﬁﬂﬂi terebrans - Dual-choice Tests with Hosts of
the Same Chronological Age

Neonate Q. pubilalis larvae wsre reared on test diets
as described for the growth studies (2.4%) until they were
11 days old. At this time, S0 insects of each of the

. "4 '

_treated and control groups were placed in designated round

piastic baoxes (18.5 ém diam. x 7.5 cm high) containing 25
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to 30 pieces of chopped, corn 5télks gnecgssarg.as a host .
recognition cue)., The boxes weEa coverad and left ‘
o§arnight as described greviduslg (Eil.a). The following
mﬁqning, the two gruﬁbé of larvae were unéovebed and plaégd
into the Q. ;g;gh;ﬁgg rearing caga; suppoarted abova the
floor by two inua:taa glaﬁs Jars (20 cm high). As thésa?
tests were performed in an open labaratory (light'inteﬁsitg

approximately = 4 w/ma), the larvas were 1eft‘axﬁ¢§bd to

the parasitaids fFor five hours. However, subseqqentlg it
was gbserved that tha'searching behavior and . frequency of
cviﬁositur proﬁihg_was jreatlg enhanced by high ligh£
intsnsxtg.'-Faf this.raasbnf'later experimental
paraéitizatioﬁs (2.6 - 2.7) were executed within the
controllad environment cﬁambsr (light intensity - B

2, ~ | -

1w2m
After exposure, the larvae were rsmoved from the

.corn and returned to vials containing the correct dist.

Diet and vials were chaﬁgad every four days unti} the

emergence of parasitoids From.theif hosts, or the pﬁﬁation{

of unparasitized 0. pybilalis. The gross efFfacts of the

.tEQt compounds on parasitoid pradyction wera‘evaluated.bg

taking the following ratio:

number of paresitoids produced in the treated group.
number of parasitoids produced in the control group

This index includes only those individuals capable of

procreating (adults). .



e.6 D.i.adﬂnm.a. La_mm - No—chmca Tests un.th Hosts of the
Same Phgslnlcglcal Age

Q. nubilalis 8gg masses in the black head stage were

placed on test diet cubes in vials, and the neorates reared
'as described (2.4). The control larvae were reared Until
'ﬁhegiwere nine days old. At this time, 100 second{instar.

larvae: selected within a meight,range of two to seven mg,

were placed on chaopped corn stalks in a plastic rearing box

andlconfined overnight to feed., The Folleding morning, the

-

box was uncovered and placed into the D. terebrans cage
' {
within the controlled environment chamber CE 1.2) and left

Eqr one h0ur., Following thls the larvae were removed

ffom the corn tissue and returned to Fresh vials containing

the appropriate diet. No more than three larvas were
placed into each vial,
b [
For ehe groups of iarvee treated with berberine or «-
t, the age of the larvae when pafasitized-wes chosen based
on information.obtainad from the Q. nubilglis growth !
studies. That is, the physiological status of the treated
groups rasembled tﬁat of the contrcl:grcups at 10 days:
All controls ~ 10 days
Berberine 10 ug/g ~ 9 days
' 31 ug/g - 10,.days
. 100 ug/g - 12 days
-t 10 ug/g - 10 days
, 31 ug/g - 10 days
- 100 ug/g - 14 days *
Because of Fluctuations in numbers, and‘possiﬁle L
physiological differences in the ichneumonid popelation <

From week to week, a separata control group was parasitiz

57



alang with each_traatment group. OUnly one experimental
group with its complementary control was parasitizad‘each

week,  and the sequence for all of these experiments was as

Follouws:
Day 1 - no parasitization
Day 2 - routine parasitization far cultura
Day 3 - control group parasitized
Day 4 - treated group parasitized i
Day S - routine parasitization for culture
Day B ~ routine parasitization for culture
Day 7 - no parasitization \

A full day was left betwean-axparimantal.parasi;izaﬁ}ﬁns in
Drdef to allow the female wasps to Easd-ttheg are sgn—,'.
ovigenic)._ Thué;rtheir ovariolés wouid céhtain mature eggs
for adequafe barasitization of each groUp of larvae.
Treated groﬁps mere'parésitized in the same mannet as
the cnntrols For all grmups the rsafing vials were
changed weekly and Fresh diet was addad biwsekly.
ﬁpproximatelg 10 days aEtBr the larvaa were exposad to
g:'ggggggégé, a sQuare-(ES'cmal-OE ﬁaper tnmsllihg més
crumpied and placed into sach vial, Jjust above; but not
touchiné tha.msridiﬁ digt. Ihis-maé.accoﬁplishsd by
pinning a édrnar of the papar'batwaen the cotton plug and
the interior nsck of the vial. Pa;asitizad iarvae and
prepupal Q. _thlﬁl;ﬁ would crawl into the darkness and Q.
teregbrang would pupate in the paper The uials were |
chacked‘dailg for pupga and dead larvee. When dead Q.
nubilalis larvae were found, they were dissac;éé“ﬁo search

For parasitbidéf_‘ﬁ* e L L

R. Lﬂﬂﬁh:ﬁ_i pupae were weighed tha dag Eollaming

their formation, to allow the cocoons tc hardan Gelatin
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capsules (Parke-Davis, no. 0) were used to contain ﬁha
individu31 pupae until adult emergence; when the wasps were
'weighed_and sexad . |

thhﬁugh sacH.trsatmant group consisted of 100 host
_lérvae, the numbar of.individuals surviving exposure to [.
terebrans fFluctuated bétﬁaen axparimentél runs, as gid the
number of insects actually parasitized. Tﬁarafors, tﬁa
‘Foliowing.stafisticé were calculated Edr.each traatadmgroup
;énd compared with éhat for its control group: - o
% Parasitization =:
: ‘ number of hosts surviving experiment
:2 Survivurshiﬁ-;p éLpaﬁion - m :

S - " number of hosts parasitized

% Survivorship to Adult Emergence =

number of’ hosts parasiti;ed
ﬂé'msii, the ratio of pdrasitdids prqdhcedlin treated /
cﬁntrcl w;s calculated to compare miéh the results of the
dualnc;oice-taét (E.S).: This mnuld,prnvids_inFarmatign-as
to whather or not the absence of host choice:(gonttnls)
influenced the overall success of [. terebrans with treated
‘hoéfs. o '
'For growth parameters, statistical!éﬁalgsis'mas

‘ . | _ ) e
performad-saparapelg for males and Femalas, and each pf )

the traatmant groups was compared‘to its control. Pupal
and sdult weights were subjected to t-tasts (SAS TTEST
Procedure). The'Krugkal—uallis'test (SAS. NPARL1WAY .

Procedutejﬁmas used to ‘evaluate the diffsrences in ﬁhe

duration of the immature stages. Significant'difﬁarsncas“

Y

“ . f - . . P



.mare claimed if confidence limits exceeded 0.85. Percent
. , ’ . b .t
parasit;zation data were subjected to Chi Square tests (o« =

0.05).

2.7 Elﬂﬂﬂn_i tergbrang - DUBl‘ChUlCB Tests with Hosts DF

. the Same Physiological Age

Qstrinia nwbilalis egg massas in the hlack head stage
were placed on test diet'cubés in vials, and the neonates
reared as described (2.%). The diEEarsncas_iﬁ ﬁags
rsquifed.to develop to the second) instar were again taken
into account mhen setting up th different experimental
parasitlsms, such that the treated group reached the
thSLDluglqai status DF_the 10—dag—old cqntrol larvae on
the same day (2.6).. Fifty second instar larvae (2 to 7
mg?J Ernm-each group Ctraatéa and ctntcok).wers placed on
25 tﬁ 30 piaéas ofrchoppad corn intraaring boxes, covered,
and left nvsrnlght as descrlbed previcuslg (e.12, 2.5). '

Tha Fcllomlng day, the bcxes were uncovered and placed intu

the D. terebrans cage within the cnnténlled_sqvircnmant

chamber (2.1.2). AR second support ring was mounted on the

retorct stahd inside the cage, close to the First ring, so
that both tha control and treated boxes Qéré taised above
the Eloor adjacent to each other, but not tndching The
larvas wars axposed to the' par351toids for ane hour and
then removed Ernm thq cage.

' Larvae Etom.both of these grcubs Qare ramsved from
the corn and placed intoc mason Jars'un‘régular culttre:diet

and reered as described (2.1.2). The jars were chacked

b
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waskly For pupaa'bg searching through the paper towelling.
Percent perasitization was calculated as follous:

. x 100
. Number of parasitoids + Number of surviving hosts:

Thasabresults were subjected to Chi Square tests Cm'-;0.0S)
to determine if treatments wers significantlg-difﬂé?ént

. from cantrols.

»

2.8 hua;—choica Tests Between Untreated Second and Third

Instar Qgtrinis pubilalis

1 : . -
4 - ‘

A dual-choice test was set up in which-D. terebrang’
‘ware offered a-chice bat;san 50 second instar and S0 thircd
instar Q. ﬂghilglig lérvae mﬂich had besepn reared on
pntreased diet. The details aof the exp;gimantal design are

identical to'those which .are descrihed in 2.7.

2.9 HPLC enalgsis fFor Bodg Burden in Dstrinia -n _gh;lglig
- ‘and. Residue in Disdegma terebrans '

The analgsis Fo;‘pddg burdens of berbéfihe.nnd a-£
mas.performsd\dn sabpnd.to third instar Q. Duhilﬂili
‘larvae which had béan reared from eclosion oh treated
diets. - Beféra being sacrificed the larvae were allowed to
Feed on Eresh corn’ stalks for approximataly ci houra, in
order to clear their guts of the traated dlet In this
way, artificiallg high results .could be avoided and the

' conditinn nf tha larvae' at the time of Bxposurs to the

. parasitoids ;quld bs more accuratalg simulatad. Threse

samples of each treatment were analyzed, with sach sample



-

consisting of three individual larvae.. Ths larVas'@are

weighed, and then praservéd as sample groups in 2 ml

methanol.

%

L. tergbrans adults and cocoons m;th maccnia reared
from treated hosts, were collected on ths dag oE adult
amargence. Immadiatalg-ﬁollowing weighingy they were
preserved in grnﬁps of three in 2 ml mathanol'and'ﬁlaced
in a freezer at -4 to -6 C pendlng extraction. Three of
such_samplas of wasps, and their cucoons contalnlng
meconia, were processed for aach traatmsnt. -
Prallminarg trlals mlth 1nsects 1nJected with a known (:TJ\J

amount of berberlne cr «-t had shown that a Fairly high
efficiency (BO%) could be obtained QSing'a simple methanol
axtractioﬁ Eﬁr‘bnth berberine and &;t.” At the low )
concentrations expectgd'in these samples,{both of these

cbmpdunds were observed. to dissolve readily iq,solvents of ‘ !
‘moderate polaritg.such as mathanol and aceténitrxla.

] The a#tractioﬁfﬁrotoccl was as Edllcmé Each 2 ml

methanolic sampla was ground tn a paste using a 15 ml

Wheaton homogsnlzer. An addltlonal 3 ml of mathanol was

added, and the slurry was further homogenized. The

suspension was transferred to a vial .and rsffigsratad Eéq a2

days at 4 C to .allow the compounds to dissociate from the

insect material. Hftar'this timé; the sampIBs‘Qera
‘”vnrtEXad'and centrifuged for‘;n minutas*at_EOOO rpm to
remove the solids. - The supernatant maé transferred to a 7

ml glass v1al and evaparated to drgnass under vacuum using

a rotary Bvapnrator Bquippsd wlth a Uheaton adaptar modif ied



-

solubilized. ‘Ihe samples were than Eilteféd'using a i

"ul aligquots were analyzed by KPLC.

*

for small viayé. HPLC §rads aéatonitrile‘(o.s ml)'mas'
then added to the driéd samplés, and‘tha vials were
sonicated for approximatelg one minute to ensure that the
compounds adsorbed to thetinterlor of the vials would bg

millipore filter (Schleicher and Schuell, 0.45 um), and 20

L

'HPLC was performed using a Béckman Series 332 gradient-

liquid chromatograph,’ BQUlpde with é model 155 varlable
wavelength u.v., - vis detactor 2 model 1IOA sn&vent
dalivérg pumps, a model 420 sgstem controller and a model
210 sampla injection valve. The analgtical columns usad

for both compounds were 25 cm % 4 mm (internal diametér)

. packed with Ultrasphera®actadecgls:.licate (ODS) (r‘avarsad

phase, ClB' pore size 5 um)/ H guard column preceded tha

analgtical column in the. sgstam, and this was packed wlth i

Ultrapack®DDS (pore“size - 10 um)

JThd‘HPLC mathad amplogdd-Eor'berberine was an ion-

paxrlng technlqua delFle Fram ﬂsmua and Fread €1979) Eor

v

catacholamlnes.. Tha solvsnts consisted of 50/ 0. 1 M

tricholoroacetic acid (in HPLC grada water), buffbred t&.pH

;'é.15 with saturated NaOH, and 50% HPLC grade acetonitrile.

Solvents were run isocraticalig, and'ths_ratentinn;time for

berberine with this system was 11.2 minutes. "A standard

‘curve of peak héight versus berberine concentration gave a

‘correlation coefficient of 0.987, with slope = 0.94 and y

intercept = 0. Therefore, peak height was Judgéﬂ as an

ncqeptabla meaasurea of concentretion for sxperimental wark.
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By munltorxng at lamhda - 3%3 nm, the minimum level cE-.
detection For berberlne wa's 0 OB-ug/ml 1, 8 ng in a ED

' ul,lnjectlnn)
. -
x—-t was run Lsocratlcailg with BS/ HPLC gtada

. acetonitrile and 1S% water, munltnrad at lambda = 350 nm.
¢ . o ‘ .
The retention time was+7.0 minutes with this solvent systam. A

v

standard curve of peak height versus «-t concentration gave

a correlatiomr coefficient of 0.5397;‘with slope = 0.76 and

'g»intarcapt = -1.2. Therefore, peak héighf masﬂan‘accurata-

measure of concentration Far thrs‘cumpound-as MEll. The

minimum level of detectian for «-t was 0.008 ug/ml (0. 18

ng in a 20 utl 1nJectlon) which was approxlmatelg 11 times

‘- better than Lthat Eor berberine. v

Insect extracts run in both solvent sgstems glelded

very clean chromatograms (no maore than two peaks), and the
compc;nds mere‘réadilg distihgufshab@e. Houever;'ccntfol
larvae, wasps and pupal cases were alsb,extractad and ;_'J'T'
analyzed in both sglvent systems, to ensure that'peaﬁs in
exparimenfal-sahplas cnrrespnnding:to the ﬁpmpoundsﬁ
retention times mers'indeéd phgtn:hemicals) and not o i‘f

artifacts.



3.0 RESULTS ' .

.

431 Qg;;in;i nuhllﬂlii - Growth and stalopmantal Studlas
3.1.1 ‘Berberins ’ N

. . ..

Ccncsntratlons of 31 and 100 ug/g berbarlne in larval

’dlats reducad grnwth ratas an lprval mazghts wera’

signlficantlg lower ‘than the contrnls 1n the 100 ug/g

-~

) group throughout much DFlthB larval perlod CFlgure 3. 1In

addition thare was natabla enhancamsnt oF the growth .cate

in the 10 ug’g group, which was slgnifxcantlg leEarent

‘ Ermm the contruls on day 20. Tha 31 ug’g curve Ealls-

sllghtlu banaath the contrcl curve, but larval we1ghts at

L —

~any particular time lntarval were not sxgnlflcantlg -

LY

different From contcols.

Thé growth paramsters recorded for the berberine:.
treatments are summarized in Table 4. With 31 and ;00 : 5 -
ug/g berberine in the dist, there were corresponding

increases in the number of days to pupatlon for both males

and females, but these chsarvatxons were not 31gn151cantlg

» o

different from the control group. Similar trends wara.-

ubsarved in the numbar of days to adult emergence mlth 31

~and 100 ug/g harberine. However, in the 10 ug/g

treatment group, there appeared to be a héétening effect in
days tb'pupatioﬁ and ddult emergancé.

’ ngﬂl weights were nbt,markadlg aFfacted by barherine;
in the diet. However, the mean pupal weight of the

Females, bgt not males, in the 100 ug/g group (85.3 mg)

- was signiéi;antlu lower, than that of the controls (100.4
3 . ' .

«



Figure 2 .. N

Larval growth curves For Qgtrinia nubilalis Fed dists
containing.0 (@ ), 10 (a4 ), 31 (®) and 100 C O ) ug/g

berberine. 'Lud mean weight (mg) is plotted against time

L]

‘(days). Males and females were grouped together for these

plots. Measurements ended when the number of larvae not

Y

pupated in one or more of the treatment groups was too .

low,to provide reliable inFormation.
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‘md). Data for adult'weights did not gield significantly - 6
different results with berberine treatments. '

When survivorship statistics were cdnsidered (Table
5),h;dverse effects weré.appareat only with 100 ug/g
berba?ine in the diet. At this concentration, only B1%
(correéted as percent of control) .of the larvae developed
to the pupal stage. @A subsaqueét_dacrease was seen in
survival to adult emergence, with just 'S6% of the 100 ug/g
grnep succassfullg reaching adulthbgd. Surprisinglg,
surbivorship was ;meNhat improved in the larvae exposed to
10 and 31 ug/g berberine in-the diét. ﬁive\parcent and
.. mine pergent more of the 10 and 31 ug/g larvaé, |
raspagfivalg,ipupatad sucgessfully, but survival to adult
emergence was approxiﬁateig equal to %Hat in the controls.

L -

The sex rat;d of the surbiving,édults in most groups was

on was seen in the

roughly 50% Female. Houwever, an excep
N y . o

cH ug)g gruup, with a sex ratia. biased in‘Eadgur of
Females (F/T = 0.71). This may have influsnced the
position of the larval gromﬁh curve ébr thisttfeatment
concgntraticn (F;gurs;aj, as‘Famales are normallg heaviar '

than maleas.
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fFemales raquxred sxgnz?‘tantlg more time to reach adulthpod

3.1.2 «-terthienyl

-
-
I

As was the case Edt berﬁgrine;‘the'effact of-a-f'in
raqucing larval development Qas.méda clearlg evident by the
larval grouwth curves (Figure &i:'_ﬂt'lob ug/g «-t, larval-
weights throughout the developmental period were
sigﬁificantlg iowsr,than ﬁhe coﬁfrols. The 10 and 31 Qg/gﬁ
groups did not shouw significant diffarénces fram the ._f
cantrols, although sllght stlmulatlcn was visible in the 10.
;Efg group, as was slight growth inhibition in tTB 31 ug/g
larvaé.

| Growth parémeters éor the.aft greatmepts_gpe presented
in Téb;a 6. Sublethal effects were mors/épparent"biﬁh this -
compound.aé compared to berberine.J The préi%aginal
davalopment Uf Q. ggh;lal;g was 51gn1E1cantlg prolonged
with 100 ug/g «x- t ln the .diet. At this dosage, the mean
number of days tc pupation’ ,Was, 30.7 for the males and 37 .7
For the femalap, cqmpa:ad to the controls, with 23.7 and
24.8 dagé for males and Females, éespecﬁivelg. . With the 10
and 31 ug/g'u-t diets na significant ‘differeances ware
Dbssrved in time 'to pupation.

- The number cf days to adult amargénce.gialdad'similai

- results in the 100 ug/g treatments. Both malsé and

.

- 39.9 and HS O days Ecr\malas and Females FESpBCthBlg,

ccmparad 'to 32.9 and 31.2 days for -the controls. Rdéin,

N

with 10 ug/g x-t, there were np significant differences

tw

fFrom tha‘ccntrcls. Hnmaver,'in.ths 31 ug/g group, the
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Lervai.grogth‘cur§é$hfbr Ostrinia nubilalis treated with
0 (e, 10 ¢ A“). "-31:( " i'and 100 ¢ Q) ug/g a-terthienyl
-in the diet Log mean weight 15 platted agelnst tlme (dags)
o . gy
Hales and females were. grouped - together For these. plots.
Heasuremente ended when the number aof larvae-not pupated ih
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“numbar of dags to adult emargence Eor the Eemales (3 .3.3)
was significantlg lncrsasad compared to that for cantrol
-'Eamalas (31. 2. S ..

Pupal wsights ware’ szﬁsibnificanflg affected bg'ld
and 31 ug/g x-t 1n tha dlet althnugh theg‘decregsed |
. slightly with lncraabing.concantration At 100 ug/ a—f,
the maan pupal’ weights were signlficantlg reduced ;SE.E mg
‘Eor males and 65.5° mg For females) caompared to the

' controls (77.7 and 98.3 mg for males,and EeTalas

respectively). .The s trends wers chserved For mqan

A

. adult weights. . éé§10 and 3I ug/g, there were gradual
reductions‘in‘weig

t w1th 1ncr8331ng concentratinn
However,; these were not sxgnificant uith respect to the
cdntrols until t(\lloo ug/g traatmsnt where mean adult
waights of both males and EemaIEs were 27.7 mg, compared

to control means of. 36.7 mg for maTks and SO 3 mg Eor
-/—“‘-

.

Females. _ - 7 &
' ‘:

" ‘Mortality affects :‘:n ‘g_ nubilalis treated mit'h""o:—t':
.(Table 7) were not’as var;ahla as that Eo? tha berbarlna
trsatmsnts. Rather at 10 ug/g, survlval to pupatlnn was C o

,1dant1cal to that- 1n the controls and 87/ (corradtsqﬂds

»

\parcant of control) oE this grnup deuelopad succassfullg to

1
L9

ug/g tteatmﬂnt mith 97% of ths lawvaa raachlng pupatinn‘
and BS/ﬁsurviving to adulthuod ﬁt 100 ug/g, oqu 71/ of
the larvns raached pupatlun and emergld as adults but the

dsgtaa of murtality with «- t at this concantratlan mas .
N
st111 th -as: saevere-as tﬁat cbssrvad with 100 ug/g
I . . K] .
e . at

- .:‘.‘.I - '
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bérbarinu. . } '  ?2 3 - h“'__ .

‘ Tha sex ratic of surviving adults was nct affactld by
any ccncentratlon of «a-t in the dlat Thé numbers mf males
"and females ware apprnxlmatalg pqyal in alllﬁqgathbnts, and-

o~

" in the controls. ' o .

B L . S
3.2 Diadegma térebrans - Dual-choice Tests with Hosts of
the Same Chronological Age

Thasa tests indicated that the presance Df berberine
.iﬁ tha diet of the Hosts genararlg anhanced'parasitism by
D. ;g;gh;gna mhile o—t 1nh1b1ted the averall success Df:
tha parasitoids (Flgure 5. Qt 31 and 100 ug/g - barberlne.
“in the dlBt the ratios of treatad / contrcl prcgang were
1.&5 and %.0. raspactxvslg, demnnstratlng 8 praference on
the part of D. ;n;gh;nng Females For the treatad husts
_Tha T/C ratio of zera for the 10 ug/g herberlna exparimant
suggasts that ths gravid Eemalas preferred ths controls
when given tha choxca. ;DE the few treated larvae that wera
‘parasitized, none gﬁqrgaq.aé adﬁlts.. |
©wieh -ty '511‘ of the T/C patiﬁs'obtainad were less
than Dne 0. 67 0.63 and 0 71 Eor tha 10 31 and 100 ug/g
axperlmaﬁts respertivalg) Thesa ratlos uould .bae expacted
. lf D. ;n;qp;gna Esmalss wars less attracted to the treated

hosts or, if theg ware salectluelg ovipositing in thts

-which pruvad tn ba unsuitable in the- 1nng term.

e R



LY . . / - *

Figure S

Dual-chofce Tests - Ratic of Parasitoids Produced in

C

‘Treatment / Control

Only surviving adults}ﬁere‘inciudsd in thesé caiculgtinns.
Bars rapresant T/C ratins plotted on log scale. nctuaf
“values of ratius appear on the g ax1s P051t1ve values
1ndicata that a baneflcial affect mas cnnfarred bg the

treatment compared to the cuntrol,,nagatlva valu-s indxcate

ap adverse effect. . -
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-cnmbou%d produced Fam'suﬁlathal eFfacts on Qromt:

"the cantrol males CES B mgl. Furthar, at 31 ug/g,

were sllghtlg acceleratad comparad ta the cnntrols byt

* . O
' ! )

. 3. 3 Q;gggnmg ;g;ghzﬁng - Nq~chnice Tests mxth Hosts;pf tha

Same Phgsiolagxcal Age
3.3.1 'Efﬁectq of Berberine

v

Befberlna in: the ‘diet of the host did not markadlg

' affact ths davalapmantal paramstsr of . Lterebrans (Tabla

B8). This was not unaxpactad in view of the Eéct-thﬂt:thié

development in Q. pubilalis €3.1.1). In E‘lc:t at the 31

ug/g‘concantration tha mean pupal walght oF male masp@\

(31, 0 mg) was SLinflcantlg hxghar than that nbtalnad For

‘developmehtal rates Cdags to pupatlon and adult amergance)

!

these differences were .not 51gn1f1cant ﬂean adult walghts L=~
1n the 31 ug/g group were sllghtlg lncrsaa\g as well but

again wers not 31gniflcantlg distrent fFrom controls ‘In

. the 10 and 31 ug/g experlmentﬁj no*significant diFEqrancas

were fFound between treated and control developmental

» . ’ " o
‘parameters, and ng trends in developmsntal parameters were

"'appareﬁt.

. B“ . . . "l . K v . . .

[ Hnwevar surviva:ship rates in D. developing

within berberlna treated hnsts were J erakﬁﬁ’?aducad i
wq
CTable S) In Elct, surv1vorsh1p to pupation decreased in

a

all treatad groups ‘compared - to their cantrol;.. : . ‘ R
e

Survxvorshlp to adult amarganca-was also dlminlshed with 10_?:

el

and 100 ug/g barbarina 1n the dxat ~but at 31 ug/?

survivorsth to adult amerganca was Limprgved by . tha . Y

3 ' . L
. .

P T P . ~ _ i



81

gy D = d 3 [0JJUOD pue JuswEaI} UIINAq
Saoualaj}1p Juedtitubls S3EDTpUT sanTeA PaUT[SpUy)
ay3 hq pazhjeue aiam santes awr) °s3533-3 03 pPajde

961 2721

3533 StIeM-1e3snoy
[gns gaam sanjea jubray

R r'8 1"ee  1'82  1°82 9°92 [043u0)
‘ L ]
96 9°8 ¥'OE * 6°82 271 6722 8'81 ' ¢8I oot
ﬁ - oot €8 982 €722 €'2¢ B8 o0l 691 - 1o43u0]
E01 6 "Bz s8R €E'le 0°1€ 221 091 1€ -
20Ty 88  ¥'82 ¥l 2'2e 262 B8'91 2731 1043u0)
L 976 0°6 G 62 1°82 s'8z €'82 281 9721 )
: <4 W 4 W 4 W 1, W (B/Bny
(Bwy Jybray osousbuswy 3(npy 03  (Bw) jubtay  uorjedng 03 | UOTIEIUSOLO]
31hpy wealy  (shep) awr) ueay fedng ueay (shep) awr] uesy * aursaquag Ruelatn

(

aea_e] 3SOH 03 pPaJsajsiutepy

surJaquag YTIm Siajsweaed Yoy - SUSIGSI5] EsbopeIg

8 aIgelL

g



Ty

" :T8Ee"d 18 By [oJjuc]:
’ SZ 88
. 1ro 19 £e oot .
020 9l : 143 1o-jue]
. . 201 145 .
* " BE’D- 18 88 1E
¥r°0 69 : et [o3ua]
- Se . Eb
e 8) 1 €5 92 ot
SITPPY [o43u0] jo 7 % (b/Bny
Burtataang jo asuab.aawy 1043u0] 40 7 % Lo T JEIUaIUO)

(1l/4) 0138y X35 3[NRY 0} [BAalANg uwoTjednd 03 [BAlAING  aurlaquag fuejatg

sesse] 3SOi] jJ0 Juaeead] AUTIBGJag Yitm diysioataang - sueaqalal ewbapel(
1 ’ - .

- - 6 21981



berberine treatment compafad te that iﬁ the cuntpbl group
by’ 7%. A Eair,amount.of mortality normallg'nccurs in'tha
pupal stage, as aohbhserved in the thrae cqnfrnluaruups. In |
the 31 ug/g‘axperimant, the drop in surviyorship from .

pupation to addltgood WYas much more sévefa in the control

group (S4% to 76%) compared-td the treated group (BB%.to ...

B81%).

Iﬁ ali experimental groups; the:ééx ratio of the
surviving adults was fairly close to.&Oz female, with lha'
‘exception of the control For the 31 .ug/g experiment (F/T?:
0.20). It is possible that 31 ugsg barberine in tha diet

of the host anhgncad the grdwth‘and survivo;shipgof.n.
;g;gﬁ;gng: as suggested by the éignificant incraaée in
mean pupal weight of the males, and the ather subtle
dLEferencas in growth parameters discussed péevinuslu. f
However, the rather high mortality in the pupal stages and

the unusual sex ratio in the survivors suggest an unusual

amaunt of variability in this particular control group.

3.3.2 Effects of «-terthienyl

-

' Unlike berberine, the effects of «x—t in the diet of'
the host on growth and development of. . terebrans were
clearly visible (Table 10). With 100 ug;b x-t, the mean
pupal weight of the males was'significéntlu'lcpér than that
of the controls (22.1 mg for the 100 ug/g treatment,
compared to 31.5 mg for tﬁs control grmup). No E;males

were praoduced at this concentration. The maan'adult weight

(of males) was also significantly reduced with 100 ug/g

83
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L 78 -
At 10 7
. . o
and 31 ug/g, growth paramseters were not significahtlg'”

«-t (7.3 mg) compared to the controls (3.5 mg).
. h :
differant between treated and contrni gfqups. However, at
both of these concentrations, mean puﬁal and adult weights
t - . '
-of ‘both males and females tend to~56'31§phtlg diminiéhad

- coampared to controls. g

— e

/ # : "
. The effects of «-t on the incidence of mortality in Q. .

r

terebrans (Tabis'll) wera much more severe than that

obhserved Eof the bar :aatmané'(B.a.l). Wwith 100

'ug/g =t in thy dief, survi.alzto pupafion.was cnlg‘&32
,Ecarréctad as péccant’of.ccntfle. ﬁéttalitg af'Bi ug/g '
a-t maé?lgss sebpfa,.m%th‘éoz oﬁ the p?rasitsidé qurviv;ng
‘to phpa%fon. :Hﬁqever; with o-t at 10 ug’/g in the diet,
su;vivofship to pupatibn was somewhat improved (by 3%).
These same trends were also apparent in percent sucrvival to
adult emergence.. | :

* Sex ratios iﬁ‘must'eipanimental-groﬁps wafe-cloae to
40% Female, with.&mqsﬁxcaptians. The 100 ug/g’ growp
prnducéd.mnlg mafas, possibly bBFaQse'Ehe females were more
susceptible to the lipnphilic'toxiﬁ. The second aexception
was: surprisingly, the ﬁnﬁtqol brogp fFor the 31 ug/g
experiment, which yielded a sex ratioc of 0.25 (F/T). In
this groﬁp, the incidence of mortali;g in the larval aﬁd
pupalfstagas‘was nﬁtfpa;ticularlg‘dnusual - Ssz-of'éha
larvas éufvived to pupation and B84% emerged ﬁs adults. As
- a reasonébla expianation for the low sex ragzﬁ\cannot be

gleaned From the data, }t ia assumed to be acqidegpal.

!
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v

.

ast Selection EfFects and Parasitoid Success
- v 1

-

The effects of berberine and u;t on host selection bu.
g: ;g;gh;;ng were clearly shown by the parasitization raﬁas
qbtﬁined in these no-choice experiments (Figure B). With
bsrberiné, tﬁera wers ) significant differences érom the

control rates at a of the concanératibns tested. With.
ax-t, pgfasitizatio rates meré’not significantly
different between the 10 and 31 ug/g. treatment jgroups and - ° '

contrels.. However, with 100 ug/g «-t, a significant

reduction was apparent’ in the parasitization rate (35%)

. compared tc that of the bontrnl group (79%).

The overall success of [, tegebrans with hosts reared

“on diets caontaining berberine and «-t was measured by the

- ratio of treated / control progeny rééching adul thood

A

(Figure 7). In contrast to the dual-choice results (3.2),

~berberine decreased parasitoid production at zl}

concentrations tested. The calculated T/C ratios for 10,
31 and. 100 ug/g berberine were 0.56, 0.52, and 0.82, ’
respectively. This suggests hat;thé%design of the tuwo

experiments (dual-choice and nogchoica) revealed different .

behavioral aspects of ). tg;gh;gu;dnith:raspéct to host

selactiaon. The control larvae were not attractive ta .
gravid Eamalas_mheh berberine-treated hosts were presented -
at the Qama time (tha dual-aﬁoica tests). However, when gb
alternafives waré présent (the no-choice tests), control

hasfé were parasitized at the same rate as the treated

LY

~hosts, and the toxicity of berberine wgs munifaslad as a

”

v



" Figurs B

-

.Percent Parasitization in No-choice Tests

Separate control groups wera run for aaéh treatmaﬁt.
Control larvae were not exposed to Q;gggﬁmg terebrang
concurrently Qith treatad larvae. Bars reprasant
percentages of larvae surviving exposurepto Q. terebrang
which had been parasitized. The aséapisk dénotas.whéra th® -
*treatment is significantly diffarsnt-frpﬁ c0ntEol;bg fhé

Chi Square test at « = 0.05.
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Figure 7

No-choice Tests - Ratio of Parasitoids Produced

in Treatment / Control -
. \.\

: , " . . B
Only surviving adﬁltg were, included in ‘these calculations.

Bars,rspreséﬁt_f/C:fatins:pldttad on.log scale. Actual
values of ratios appear on the Y axis* Positive values.

' indicate that a benaficial effect was conferred by the

traatmanﬁwcpmpafed to the control; negative values indicaete

an adyserse effact.

F .
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lower yield of new parasitoid adults in the treated groups.

-t With o-t, the T/C ratjos for 10, 31 aﬁd 100 ug/Q were
| 1:15;;9.59 and_OalE,-raspéct;valg“'iﬁ‘the‘no-chcice‘
éituatiﬁn. .In this case, the 1p ug/g treétmeﬁi group was
'ﬁf'an %dvanpage aé;camparsd5tp the controls, while
-patasitcid production was reduced in the higher
concentration grcgps (31 aﬁd_1oo ug/g) as'cﬁﬁpared to the
cmﬁtrnls._ ' )

3- & uéﬁgﬁﬂ_i grebrgng -~ Dual- cholca Tests with Hosts of

the Same Physiclogical Age ‘
In these tests, unlike the initial dual-choice
éxhsrimanﬁs (3.2), parasitization rate was:iscléﬁeé from
hoth the growth altering aspects of berbérine and «—t
towards . pubilalis, a:d their toxic effacts on DO.
terebrans developing within hosts Eeaﬁing on diets
caontaining these bcmpdunds. The results of these .~
experiments show some marked affaéts on host sele tion hy
' . Female parasitoids (Figura‘B): With berberine, pprcent
parasitizat%an'mas not sigﬁificantlg differe wikh
cnncantratians of 10 and 31 ug/g in the diet, as compared
to controls. Howaver, :a distinc£ prefarence was exhibited
for larvae treated wlth berherine at 100 ug/g\over hnsts
.raarad an caontrol dlEtS 31.3% of the 100 wug/g group were’
parasitized, as cnmpared to 7.9% of the controls.
With u—t, on the other hand, 1arvae treated with diets

cnntaihing 10 ug/g of the compound were distinctly

preferred over the controls. Parasitization was B0% For

g2

-
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Figura 8 , .
Percent Parasitization in Dual-choice Tests with-

_Hosts of the Same Phgsiologicél aga'

-

Separate control groups mé;e run for each trbptma;t.

Contrq} larvae were expased to Diadegma tﬂgébﬁgni
‘concurrentlg with treated larvae. Bars represent
percentages of larvée surviving eprsure to 0. teregbrans
which had been parasitized. The asta;isés dencte where
treatments are significantly different From cqnbro;s.bg thq'

Chi Square test at « = 0.05,
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the 10 ug/g «-t-Fed larvae, as compared to 40% for the
cnntfols. with 31 ug/g u-t,'psrcapt parasltizaticn was
not significantlg different from the'Eﬁﬁtrollgr5up.
Hamevar, in the 100 ug/g experiment, a,significaﬁt
prsfsreqca for the control group was nbsarved:. 71.4% in

the controls, compared to 40.7% in the group treafad with

100 ug7/g «-t. . f'k"1l.

L * L
- [ i
s X

3.% Dual~choice:TestaBgtwaép:Untreatad Second and Third

Instar Qstrinia nubilalis
'-I‘ " - .

':when 50 sscond and.SO Egird'instar untreated Q.
nubilalis larvas‘were'expnsed Enr'barasftism bg 0.
tecrebrans, a similar number of parasitoid pupae were
ﬁrnduced in each groupﬂka and 7 For second and third instar
larvae, ;Bspectivalg). However, the.terd"instar larvae
suFFered much higher mortaliity due'to mutilation C(44%,
compared to 16% Fnr second instars), pos%iblg because. theay
were moré aggressive and had to be .probed or stung
repeatedly before Qviposition'could be accomplished.

The outcome of this test seems to suggest thaﬁ third:

instar hosts are sumgwhat less suitable Egr‘parasitism by

D. terebrans as compared to second instar hosts.

[

-

85
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3. 5 HPLC Analysis for Body Burden in Qg;;l_lglnuhllg_l§
and Residue in Diadegmg terebrans -

¥

Barbarine-mas not detected in any of the trested
sgcond and thxrd instar host larvae 24 hours after transfer

to untreated diet (corn) - Neither sxtracts af adu;t

parasitoids nor pupal casas‘with meconia contained
bérberina'gt-thé level of datection available (1.8 ng in a
20 ul injectionj. )

' The «-t—-treated .insects yielded very different results

(Table 12). After feeding on fresh corn stalks for 24

hours, o+t was still preSent in second and third instar Q.

‘nubjilalis which had baen previously reared on diets

containing 31 and 100 wg/g «—t, with 0.31 and .0.05 hg per
gram insect, respectively. ' Larvae qF the 10 uf/g group
did not contain detectable levels of «-t. The

comparatively low levels of x-t in the 100 ug/g.larvae

‘relative to the 31 ug/g samples ‘is understandable,

considering that «-t at 100 ug/g in the diet is g_pntant
feeding detaérent EDF_Q' nghilglia.(Champagna, 13845 : Vlasé
was accumulaéingbbacaﬁse less was 5eing éonsu ed.

x=~t wasjﬁresent in adult wasps reared from hosts\Ffed
diets ccntaxning 10 and 31 ug/g «~t (0,53 and O. EO ug/g.
raspectivslg) but was nmt present in the 100 ug/g
samplas. However, cocoons from all o«-t treatmants.
contained datectabla lavels Df a-t. OQuantitiss were

highesﬁ in the 10 ug/g traatment (4.17 ug ot per gram

pupal casa), followsd by the 100 ug/g tr-atmsnw .19

S8



Table 12

g7

Quantification of x—terthienyl in Insect Samples

»
oy

Treatment Cun??ﬂfFStioné 10 ug/g 31 ug/g

100 ug/g
%

. ( - 4
Host Larvaa n.d, 0.31 .05

© (0.257) (0.074) .
Adult Parasitoids " 0.53 ~ 0.20 n.d.

‘ . (0.335) (0.286)
] me U]
Cocoons + Meconia 4.17 g.23 3.19.
-+ (1.68)

(2.397) (0.023>

L]

Units are in ug/g'inssct material. Ualues are means of

three samples. Standard deviations ars in btackets.

n.d. = not detected at lowest . lavel of detectian.

AN
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ug/g) The 31 ug/g samples cantained the lagsi amount of
f-t 0.23 ug/gd. a | | :
| "in addition, a mstabolite 66~m-tlwas pressnt in all of

- the inSeég_;amples analyzed. Thls polar compcund

(retention time 1.7 minutes) producad a tthpthB spéctrum

- (Figure 8). As the structure and extinction coafficxent of
thi's petabolite is not yet -known, absolute quant}ficagion
.wa; not pnssibie. However, relative quantitias in psék
height (mm) per mg'insect material have bean‘QQterminad

(Table 13). Samples of larvae in the 10 ug/g group‘

. contained slightly more of the metabolite (0.07 mm/mg
. than the 100 ug/g samplas‘t0.0G mm/mg?J,, while the 31
ug/g samples.containeﬂ the least amount (0.03 mm@mgi.
| -.The.éame‘trend Q;s visible-in the wasps, with 0.14, 0.08 ' °
" ~ and 0.12 mm/myg insact in the 10, 31 and 100 ug/g groups,
.taspactivelg. The samples of cocoons with macnnxa did nét

‘ ' 4
follow this_trand. The mstabollte was in highest guantity

in the 31 ug/g samples (0.51 mm/mg), followed by the 10

and 100 ug/g.samples (0.33 and 0.33 mm/mg, respectively)d.

9B
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Table 13

Relative Quantities of «-t Metabolite in Insect Samples

Treatment Concentrations 10 vg/g - 31 ug/g 100 ug/g
Host Larvae 0.07 ~ 0.03 © 0.06
(0.033) .(a.008) (0.013
Adult Parasitoids 0.14 0.08 - 0.12
- €D.043> (0.013> (D0.11e)
Cocoons + Meconia 0.39 ‘ 0.51 0.33
(0.2692 (0.327) 10.244)

Units are in peak height (mm)/mg insect matefial.: Values

are means of three samples, Standard deviations are in
brackets.

'



‘.0 DISCUSSION

Tge compounds investigapéd in the prgseﬁt study
produced different effects on the hcstfparasitoid 5gstqm‘
under study. These effects will be discussed in order of
phgsi;iogica} tn”eqclngical cunsiderations,ﬂfpllnmed by

their.relevance to {ield applications. ' ;%r' Y

4.1 Physiclogical Consideraticns
4.1.1 Gross Effects of Bérbarine and «-terthienyl

. \ .
Barberine in the diet of Qstrinia nubilalis had noc

significant aﬁEscts on the growth parameters nfﬂsurviving-

© 102

insects at the concentrations tested (3.1.1). yat,.at'tha

maximum‘doncsntration-(100,ug/g), survivorship decreased

" dramatically. A quaternary ammonium séit,wbuld be expected

to Wk readily excreted at sublethal concent:'-atinné (Bodor

gt al, 19B1), and this is consistent with the absences of

~detectable levels of berberine in larvae which had beer
-rgared on barbarine—containing dieté; and thén ailnwed:to
feed for E&thursran'érash carn (3.6). Hﬁweyer{ mﬁan,
&asagas beyond particuiar thrssholé concentrations aré

administéred, the tokicitg DE berberine is\manifasﬁed, and

mortality is the result.

Riadagma terebrans dfh not succumb to herbérine to the

same extent as the unparasitizsd hosté (3.1.1). ' Increased
mortality was observed with 100 ug/’g herberine in
dist, but this was not nearly as severe as that

nublilalis. This may suggest that the compound is re

¥
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from the host environment rapidly encugh so as not to

affect sevafalg the Bndoparasituid. Evidence for this
possibility includes the obsarvation that berberines was not .
datactad in smargad adult wasps ar their pupal cases (3.6).
This may suggest that the mortality observed in Q.

;g;gg;g_; was imghirect — raesulting from host intoxication

-

and the reduction in quality of the host as 8 food saurca -
' . » o

rather than a direct effect of the compound on the w

parasitoid. This type of indirect effect has been ‘observed

with the conventional insecticides disulfaoton aﬁd parathion
\%

withﬂfhe greenbug parasitoid Lusiphlebus testaceipes
(Lingappa gt al, 1S7é). '
The physiclogical effects of «-terthienyl were
markedly different from those induced by berberine. With
tléo'gg/g(;—t in the diet, sublethal effgéts were apparent
in growth-and-dsvelopmental parameters oE-Q. nubilalis
(3.1.2), but mortality was.l;ss sévara than that which
ﬁccurrad with the berberine treatment. However, for [..
terebrans (3.3.2), survivorship decreased with 31 ug/g «-t
in the diet of the host, aéd with 100 ug/g, very few of
the ﬁﬁrasitmids, none of which were Female, survived to
& lthood. OF the surviving males, pupal and adult weights
wers significantlg-fbducad. )
It is well known that higbly liprhlllC compounds tend
- to accumulata in the Fatty tlssuss of organisms (HcEwen
and Stephgnson, 1378). The lipophilicxtg of «—t
(log p = 5.6) (HcLachlan. 188%)215 close to that for the

arganochlnrlna insecticide DDT (log p = B6.0). o—t would
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" be expacted to accumulate in the Eattg tlssuss of- Q
nun;;;;;; and this was in Fast nbserved bg tha detection
of a—t and its metahnllta-in larvae removed from o-t
diets to corn fFor 2% hours (3.58). Since [. terebrans

consumes the entire host insect with the exception QE the

cephalic capsule prior to pupati?n, a substantial dose of
-t would be axpeﬁted to. he ingested within é ;horf
periocd of time, reéulting in high morﬁality during the.
later instars and pupaf stage. This is validated hy fﬁ%
presence of «~t and its metabolite in adult wasps and
their pupal cases derived fFrom u-t—Eed host larvae (3. 85
Thus, the low survivarship rates obtalned Eor 0. tecegbrans
-within hosts fed «-t most probably resulted Frum a
combination of direct tuxicitg to the endoparasituid?; nd
indirect mortalltg due to host intoxication.

Examplss of nlffarentlal toxicity towards parasitized

and unparasitized host insects have also been réported with

i
v

conventional insecticidas.-.ﬂriaqtal fruit moth (Qﬁ;ﬁé '
dorsalis) larvae, whan panasitﬁ;ad'bg Qgiga oophilus, were
less susc:ptipla to parathion, but more sansiti;a to
aldrin, dieldrin, endrin, chlardané-and lindane <(Tamashiro
and Shecman, 1955). The alfalfa weevil, Hupera postica’
was more susc:ptiﬁle to carbofuran, methyl parathion;
Supracidé:)and methoxychlor when Lts internal parasitoid
ﬂi;:g;g_ua gethiops was in the larval stages (Dumbre and
Hower, 1876).

The inFormation gained From the pressnt study suggests

ﬁhat the toxicity of naturally-occurring insecticidal



compounds “towards endoparasitaids is related to their®

- parsistenéa in the host insect. Experience with

conventional insecticides reveals that host;parasitoid

" associations must be examined sepa}atelg mith the cnmpéund‘

of interest in order to assess the costs and-hehafité fFar

biological cnntrﬁl-agantsl ) ' ~
4.1.2 Bioaccumulation and Metabalism

" " In spite of tﬁe difFferences batwaéﬁ the detection
BFEiCiEﬂGiES'Of berberine and.«—t (1.8 and 0.16 ng ina
20 vl injection, respectively), an estimated minimum
?bioqgg;mulation'af.l.a ug barberinalper”gram insect
material can still be detected by HPLC. This is not
present aven iﬁ the' pupal céses, where hydrophilic wastes
are excreted as meconia by the metamorphosing parasitoids.
. \\““"with «-t, the concentrations of thé ligpphilic pérent
compound in thé ﬁupal cases exceaded this value in tha ‘10
and 100 ug}g sémple g}oups. Tharefore, it is reascneble
to assume that ﬁerherihe fé’excreﬁed by the hgst insect.
.beforg it reaches the'daveloping endoparasitoid. The
relativelg innocuous effects of berberine an parésitﬁid
SUEMivorship (3.3.1) comparad‘to‘that for Q. pubilalis
CE;E.lJ provides further validation for this assumption.
The quantities of o=t in thazlo'uglé wasps andlpupal
casas relatlva to host body bucden after 24 hours not

feeding on «-t suggest that the compmuﬂd blnaccumulatad in

the parasitoids at thig,concantration in the diet of the

host. Some detoxification cccurred, as is evidenced by the

105
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sequential increase in mgtaboiita concentration Erom_hosps

. ’ : . o ‘_‘ - . d 165

to wasps to Pupal caséé\ /’jf~'

' In the parasitoids Eéérad Eer hoéts,Eed 31 ug/g f-
x—t, there was a ﬁé;rease in o«—t concanf:ap;on relative
to the hns;s, which indicatss‘a mugh ﬁigheq rate of
detoxification during parasitaoid davélopmant. This is
corroborated by’ the rélativslg‘low'levals of metabolite
Fournd in the hosts and wasps, and the énmparativelg high
leavels in thé pupal cases - likely axcreted by the -
developing.adults. Natural ;;cducts have, been shcﬁn to
increﬁsa the activ;gg_of dataxifiéatich en2gmeé in
herbivorous insects (Brattsten ef al, 1977; Yu et al, 1878;
Berry gt al, 1880)._ This type of induction has not yet

been reported For endoparasitocids of hosts exposed to

insecticidal compounds. However, sxposure to insacticides

« vig host febding lould- select For parasitoids mith

increasad resistance to tha'cnmpoﬁnd in ﬁuesticn.

In the 100 ug/g a—t‘group,.thé concentration of the
parent’ compound was decreased in the wasps compared to thé
hosts, yet a marked increase was appafeﬁt in the pupal
cases, The metabolite concentration with this treatment
incraasaa ércm hosts to Qasps, and Further increased in the
pupal cases. These patterns suggest that the parasitoids
surviving this_ﬁreatmant wersa superinr mifh respact to
their detoxification capabilities. Because of the.extremely low
survivarship in D. terebrans with .this treatment Conly 25%
survived to adult emergance), .the.-ability to detoxify «-t

LY

was liksely not the result of induction, but was segregated
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in this group as a dunsaquanca of selection pressurs;

4.2 Host Selection Effects of Berberine and «-tarthienyl

Towards Diadegma terebrans

The system of parasxtlsm used fFor thasa axperimants

nbv10uslg eliminates. the habltat Fxndlng stap in host

selection by D. ;g;gngg_i As with many pavas;tulds the

-

—~-_presence of the\ﬁcst plant (ccrn 1n this case) prov1das
n;:;ssarg visual and tactile cues for searching and
exéminaiion bahaQior. In addition, host haemolgmpﬁ and
frass derived Erum corn contain nerassarg chemlcal stimuli
For ovipositor probing (Galeota, 1381). The 5pac1flc
kairomone(s) involved is extra;tabie in hexane, chloroform
and chlurofarﬁ;méthénol, but was never identified.

. Berberine in the diet of the host did not intecfere
with the para;itizatinn efficiency of 0. ferebrang. In the
no-choice tésts using hosts of tﬁé same physioclogical age’
(3.3.3); therslwqre no éigﬁif;caﬂt diFFerences between the
parasitization rates of larvae previously reared on
berbering diepsiana larvae anﬂcbntrol diets. As well, in
the .dual-choice fasts with hosts of £ha same phgsioimgiéal
agé (3.&5 no significant difFarsnces wers found betussen
parasitization rates in the 10 and 31 ug/g treatments and
raspectlva controls Howaver, in the 100.ug/g dual-choice
akperimant, pafaﬁitizatinn was significant;g-increasad with
the bebbafins %fea;mant compared to thé control.

There is an appafsnt contradiction between the no-

) ' <N~
choice and dual-choice results with the 100 ug/g berberins
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experiments. Howsever, the explanation for this anomaly is
A ]

relatively sjimple. Berberine has been shour to be highly
£oxic to Q. nubilalis i:;ttif;loncentraticn in'tha‘Qiet,

and so the larvae are likely to be weaker and less mobils
than the normal controls. Campbell and Duffy (1979b)

pointed out that the aggressive behavinrhof cldeg Heligthis

Zea larvae could likely interfere with the ab;!itg of

Huposoter gxiguee to parasitize pntenﬁial hosts. In the’

present study, gravid female [. ggggggggi‘prsfarréﬁ the

. ¢ e
less apggressive hosts, and tended to ignore t more o

~

vigorous caontrol larvaé whentpresantéa with a chaice. UWhen

no alternatives were present, controls weré parasitized at
F*:_": '

 “'the . sa -=.g5_- as the treatment groups. It may alsc be
noted thy percent harasitizatinn was Eairlggponsistent

throughout the treated aﬁd control groups in the nn—chnica
experiments. This further suggests that in thes absence of
choice, D. fergbrang parasiﬁizeé the same quantity of g;
nubilalis of the same phgsiolagicai age and host densiﬁg
(100 pa}.dish), regardless of subEi, behavioural

differences. i (f

;
—_— ’)'
_a—terthienyl in the diet of Q. Eghllgliiasxertad mors

L]

influence on the parasitization afficiency ©f Q. terebrans.

In the no-choice experiments (3.3.3), treatments of 10‘and f

31 wug/g «~t did not significantly affect parasitization
rates coTparéd to qontrols.' Hgmgver, a sigmificant
raductiocn in percent parasitization was observed for hﬁéts
reared nn.diéfs containing 100 ug/g «-t, relative to the

controls. As well, the dual-choice test (3.4) with 100

=



ug/g «—t Qielded a éimilar result:  a éignificant
reductinn in the parasitization rate. Howsver, in the’
dhal—cﬁoice test mifb larvae reared on 10lug/g.u—t'diets,
the opposite effect was observed. Parasgtization'més

increased significantly in the treated group compared to

[y

the controls.

The iﬁO'Qg/g.a—t results afé surprising, considering
that this concentration would render the larvae less
aggressive than the controls. The obsarvéd effects of «-t
on host accaptanc§ i5 not correlated with titres of «-t or
its metabolite (3.6). Therefore, it is unlikely that o-t

could ke acting as an oviposition dstafrantl Yet, these

affabts are rohust, harticulaflg the consistent quuction

in parasitization efficiency in the 100 ug/g £rea£ment
groups im both the no-choice andpdual—chaiba tests.

; The data obtained in this study do not dirgctly
oxplain differences in parasitization ratas Qith d—t,
discugsed previously in this section. Howévérl it is not
unrgasonable £n specﬁlate that q*F may have indirectly
interfefad with the sgnthasis‘of.cértain biomolecules
utilized as host recognition ahdiaccaﬁtanca kaifcmones by
ﬂ. ;gpgngagg.. The'avipositorsIogﬂhg&anoptarous perasitoids
ara Bktqemalg sensitive, and highly responsive to
stimulaﬁion by spaciEiC'chemicaié (Dethier, 13&7; Apthur Qﬁ
al, 1969; King and ngai, 1970; waséloh, 1S7i; Greany and
Oatman, 1972). For many parasitoids, the response to
kairomanes is concentration specific (Corbet, 1873; Jones;

19812 .-
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Although host diets containing 10 ug/g «-t did naot

;signiflcantlg enhance larval grnmth and development

(3. 1 E) metabolic acE§v1tg was possibly stimulated by this

sublethal ‘concentration. This was raFlacted bg tha absanca
of a-tkin E&st larvae in the 10 ug/g group,. and the" hlgh
titfe‘bf a—t‘métébolite compared to the Bthgrrgwp treatment
groups (31 and 100 ug/g «-t) (3.6). é-higﬁér-matabuiic‘

-J-.- \»-.

rate could rasult in a mcre rapld sgnthasxs of kalrmmo al

cnmpnnents in the 24 hour perlod on carn t;ssue.

to the contrnls, and this would make the 10 ug/g group

more attractive than the controls in a ChUlCE situation,
In the 100 ug/g «o-t trsabm%nts, the reverse effect

likely occprred. Significant adverse effects were observed
in the growth rate and developmertal parameters of Q.

nebilalis reared on diets ccntaining;loo ug/g «~t (3.1.2).

Since these effects were at least partialig due to'redubad

nutrisnt assimilation (Champagne, 1884%4), a reduction in

metabolic activity would be-the consequence, and hence
production of kairomonal comﬁnnehts could be retarded.
Therefore, the lower levels of parasitizaéion in the 100
ud/g a—tjprsatad larﬁae relative to the controls would

likely have resulted From poor host recognition or "

acceptance.



| | | 111

.

.3 Allelochemical Effects on Parasitoid Success

Charactéristi@allg in natural habitats, plants of
different species are Found within close proximity to each
other. Even in moﬁocroppindnégricultural sgstems,‘maad
species occur at the periphery of cultivated fields, and
suitable-host insects Euc‘parasitﬁids afé often Eoﬁ%d
within these weedy areas as well as in‘tHb crop. The eggs
of phytophagses laid an these plants uifl hatch after a
‘specific number of dag—dagfaas beyond a threshold .
temperature For development have passed, -and the neanates
hegfn to feed. _Frpm tﬁis time on, tHe developmental rate
of these insects is subject to alteration by therqualitu_OE
the hDSE plant. |

The dﬁal—chcice tests with D. terebrans using-l2-day-.
old treated and control larvae (3.2) somewhat resehplés
this situation. The&presence in the diet of
allelochemicals may retapd or” accelerate the growth and
devaelopment of Q. pubilalis, and aEtaﬁlle days, the
phystoclogical age of thaéa larvae mag be different fram
that of larvae not sxposed to éllslochamicgls. This may
affect the ralative attﬁhqtivenass of treated and contrél
larvae to B. ﬁg;gngggi. . In additicn, the phgélolngical;
effects of thasé cnmpdunds could Eur%her enhance or impalr
the growth and.survival of the new parasitoid generation.
Therefore, the ul£imate éuccess of the parﬁsitoids was
maasured‘as the ratio nf adults produced‘in the treated

L4

- group to#adults praoducad in the controls (T/C). These



ratios_wera‘alsn'caiculated:?ur_thé no—éﬁoicé“tésts with
ingects of the same phgsiclaéical aga (3. 3 3 ta detsrhine'
if the availabllltg DF alternative hosts could affect the
success of the para51t01d5
In the dual-choice test (3.2, vsrg‘éaw of the larvas

reared on 10 ug/g berberine were parasiti%ad, and none of
these individuals sSurvived to adulthoad.‘ Howaver, 31 1353
. 100 ug/g harherlne in tha diet of the host appearad to Lbe
advantagaous to the par351tolds as av1denced by T/C ratiocs
greater than 1.0.
. The T/C ratios (<1.0) obtained For the 10 ug/g
barberina éxﬁeriments réquira little .explanation. As:
discussed‘previouslg 4.2, parceﬁt parasitization wﬁs nat
significantly different between 10 ug/g berberiﬁe%t;égtéd
and control larvae in either the no-choice ¢3.3.3) or dual-
_chaica (B;HJ éituations. Theraforg, the observed T/C
fatics are the result of the tbxic effects of berberine
t3.3.i))

| For the 31 ug/g experiments, the dual—cﬁcica‘pesult
(T/€ = 1.25) indicates a slight advantage in the berberine
‘traatment group over the'confrols. “Yat, the sams kraatment
proved to be detrimental in tha no-choicse situaginn, which
is understandable, ccnsidariég the toxicity of berberine.
Parasitization rates were not significantlg differant in
either type of test, and so-the pressence of 31 ug/g
berbafina in the hdst,diat cannot be recognized as truly
beneficial to parasitoid perform86ca.

© With 1007 ug/g beérbbrine, the T/C ratios from the

112
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dual-choice (>i.0)_and the nd-choica (<1.0) tests reflect

differences. in bearberine’s influence on parasitization

[
-~ "

efficiency in the twe types of tests. As Eiscussed
previduslg (4.2), the behavicur of the 100 ug/g ' ’
berhsr;ne treated hosts is less aggressive than the narmal
controls nfcths same age, and the parasitoids are -
preferentially attracted to them'over the controls whaen
given thelghoicé. Additionally, iAthe dual-choice tests
with iﬁsacts of the same chronological age, the 100 ug/g
becberine group likely included a higher propertion of
younger hosts (second instar larvae). Since second instar.

r

larvae tend to survive batasitism'batter-than third instar

t

latvae (3.5), the number of parasitized hosts Surviding tha'
agﬁerimant in the iOO yg/g traatment was imprcvaa‘over
* that ofithe confrbls. Ihase advantages with the 100 ug/g
barbariné téeatment ir. the dual-choice taét'compsnSated for
the toxic effects of berberine (3.1.1, 3.3), resulting iﬁ a
very high T/C ratio compared to any Dfxtha-qthar
axpariments. :

with «—t, the f/C ratios in the dpal—choice tests with
insects of the sasme chronological age (12 days) (3.22
showad radﬁged gields af parégitoids with all
cpncentf%tiohs tésted. However, in the no-choice tests
~uwith physiologically similar_larvae'(B.B.B), the'f/C ratio
for the 10 ug/g experiment revealed an-advantage for Q.  .
terebrans with «-t in the diét, although the production of
édplt parasitoids was reduced Qitp 31‘ug/g ==t comﬁarad to

controls, and even Further reduced with 100 ug/g a—t.

0
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It may be recalled that with 10 ug/g -t in the diet,

survivorship was not adversely affected in Q. nwbilalis
. (3.1.2), and was slightly improved for [J. tecebrans
(3.3.2). In the no-choice tests, percent parasitization
with 10 ug/g «~t was-not significantly diEEa}snt Fram the
control groups (3.1.3), and so tha slight increase in
parasitoid production (T/C = 1.15) was likelg due'fu the
"enhancad survivorship of P. tereghrans with this treatment.
In thé dual-choice fest with phgsiologicailg similar hasts,
the parasitization rate for tﬁe 10 ug/g treétment was ‘
s%ﬁnificantlg greater thag the controis. 'Howaver, with 12+
day-old traatadﬁand conﬁrol insects, parééitoid yield was
reduced by tHis‘ccncantration of «-t in the diet. Bercausse
of the slightly enhanced davalopmental.rate of Q. nubilalis
with 10 ug/g «-t in the diet (3.1.2), proporticnately more
phgsialugicalég dldar hosts would be present in the treated
group, and, as was observed (3.5), this would lsad to

decreasad survival of hosts exposed For parasitization.
v

Thys; the low TI/C ratio in the dual-choice test with 10

ug)g «—t is a consequence .of poor host survival.

The 31 ug/g q—t-ﬂXpariments showéd Féirlg coﬁsistent
results in bafh no~®hoice tests and dual—Eﬁmice tests - f{E
ratios were less t;an 1.0 in both cases. Since
-parasitization rates of larvas fFed 31 ﬁg/g o=t Qere'not
significantly different Efoﬁ controls in both the no-choice
(3.3.3 andndual-chui;e (3,4 situations, the reducticns in

parasitoid yields were likely due to the toxic effects of

the compound (3,1.2,r 3.3.2).
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The T/C rétioé for the 100 ug/g &-t gxpériments
were also congistantlg low in dual-choice an& no-choice
ekpariments For obvipus reasons. In addition to the .
toxicity oF 100 ug/g «-t €3.1.2,°3.3.2), the e
parasitization rateé observed witﬂ this treatment we}e
significantly reduced compared to controls, regardless of
the availability of choice (3.3.3; 3.4). ~

From the comparison of T/C ratios ohbtained from dual-
choide and nu;choice experiments with berberine- and o-t-
treated hosts, two distinct conclusions may be drawn.
First, the two different testé, by desig;; bring about
different host selection behavior in . ferebrans. The
parasituid"will-raject‘hosts which are siightby more
aggressive in fFavour of more docile hosts, but the urge to
parasitize will overcome pham if no altarnafives are
évailabla:- Although these results were.obtained in the
laboratnrg (in an anclﬁsed any}éﬁnhent), it is not
uhreasonahle to speculate on the relevance to Field

situations. Resistant crop veristies may retard host

developmeﬁt, and even increase mortality in the

endoparasitéids of hosts Eéading on these plants. However,

. . ] ."5 .
if the resistant host plant is adjacent to a chemically

“innocuous’ plant (such as a weed or an intercraop member),
parasitoid performance could hypothetically be improved on
the resistant crop. On the cother hand, if the titres of

resistance factors in the food plants serve -only to

stimulate host devalopmang and possiblg kairamone

production, the efficiency of the parasitoid may be readuced

hvi
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because of host mortality due.to mutilation. These

Nypothetical situations would, of course, depend on the.

timing of host search by the parésitoid, and the use of 12~

déy;nlq hosts for the dual-choice tests (2.5) was an
-arbitrarg condition of these expariments.

The second conclusion which may be drawn by inspection

bd

of thé T/C fatics is that saébndarg plant substances in the
diet of the host generally reduced the number of progeny

avajilable for sucéassiva_prdéraation-(adults). Of the
. * /

twelve pairs of axperiméntal and control grouhs, T/C ratiaos

grahée?'than 1.0 were observed only in two instances

w

(diécussed préviou;ﬁglz- the dual;choica test with 100

ug/g berbarine (3.2) and tﬁa no-chdice test yith 10 ug/g
x—t C3.3.33. Regardless of the persistence in, ar
Eiological écﬁivitg of allelochemicals towards the hast -
through physiological poisoning or feeding deterran;e - the

-

perasitoid was ultimately suscegtible to the effects of

these coﬁpoundsf and the signiFicance of this information -

is not fFar removed from implications in the field.

-
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4.4 implications of Allelochemical Changes : S o

to Biological -Contral
' ' 7

The cbjective of applied biolaogical contraol is rot to

eradicate the pest insect - this is imppossible even with

the most efficiaent insacticide - but to establish or

maintain é bélanca between hosts and natural enemies such

that paak,hosé populations remain below the'aconomic

threshold for the partigular imssct-crop situation. The

L -

inclusion of allelochemics in inﬁagrated pest management

L

-

strategles bg breedlng phgtochemlcal antibiosis Eactors
into crcps is an scaloglcallg sound 1dea pacticularly if
pest1c1de appllcatlon can<be_av01ded.' chever,,as mas.
elucidated in this study, éllelcchamicals can potentiallgﬁ
produce many of the undesifable effects observed with
insecticide usage.

| With the model compoundé invéstigatsd in the present
lstudg, the mortalltg incurred in immature Q. tg;gh:g_g
was much mare severe with tha highly llprhlllC thiaphena,
o-terthienyl, than mlth tha_mnre polar alkalmldfgbarbarlne.
In addition, a-t was shamn to persist in host tissues and
wés detectable iﬁ emargad wasps and cocoons reared, From o-—
t-fed hosts, whereas berhering maﬁ.sxcratad rapidly. These
Eééults suggest that pest management programs yhich take
advantage of persistent secondary plant substances in host
plant resistance could run into serious problems with
cespect to biocontrol. ' With [. tarebrans, the entire host
is consumed within a ;elatiyelg short time intervel, and

N
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- . . .
this proved to be devastatlng in tha case of the 100 ug/g
o=t treatment. Hnmevsr, mahy parasitoids SBlECthElQ feed
an specific'host tissues (reviewed by Flanders, 18737, and
egg parasitoids and céftain larval or pupal pafasitcids may
be éblaﬁgb escapa the direct effects of toxins ingested by
thé host. . o | o

Foftunatslg, the use oE‘endogahous alle;ochgmic?ls

Qill Aﬁt inélict uboh natural enemies the savere papu;ation
crashds seen with bincidgl spr;le :chever, host-
parasitoid.sgncﬁrong could be markedly affacted by subtle
differences in host developmental time, particularly if the
most sqscéptibla'host stages hré within one or tuwo instaré,

as is the case with D. ;g;gniﬂni. nggvaé' if the
oviposiﬁional perind of the ﬁarasitoid is aireadg outuof .
synchrony with thé host - which may occur mith new host-
parqsitaid'assnciatinns - tha'inclusicn or enhancement of
. host plant allelochemicals throﬁgh genstic engineering
Véobld hypothetically imprdvextha perfaormance of. natural
aﬁamiés. . \

Fimally, the attractive quélitiss of potantial host

insects can be altarad by allelnchemlcals In this study,
redoucsd host acceptance ‘by D. LEEEDEE_E was avident with
100 Pg/g q-t in the diet of 3. pubilalis. Frgm‘tha
literature review secticn of this‘thasis, it is cléar that
host plants can profound)iy aEEact'a11 aspects of host
selectian by parasitoids., The possible aEEects of

£

alleJochsm1cals an- kalromnhs production is an area mhlch

15 v1rtuallg unressarched.
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4.5 Future Research

-

The present study was an investigation of two
dissimilar model compounds with a host-parasitoid

'association. A myriad DE-plant_dgfensivevcdmbounAS ocﬁur
in. nature, having diuarsa physical prbpartias'and '
biological activity. Potentially useful allelochemicals -
should be tasted not only for eEE;cacg.towards herbivorous

" insects (the pests), but examined in a }aboratorg system

Sych as this one in orde} to assess their real usefulhéss
és rt of pest management strategies. Some ﬁf thess ;DVBl
compounds, such as the triterpenoid azadirachtin, show |
great prom%sa as bctgnical inéectigides.(ﬂrnaﬁgg et al,
198%5). However, as observed with «-t, sublgthal\

. gquantities of insecticidal compounds in host diets can 58

lethal to QEvalnping parasitoids, - .

| ‘Fairlg non-polar allelochemicals may be useful in pest
lménagamant invclviné parasitoids which do not consume tha
entire Eaﬁ‘bodg of the host. The aégs of adult hosts
raafbg on diets containing lipophilic toxins (such as «-t)
shogld ba~analgzad EDE traces of the xénqbiotic. Egg
parasitoids may be able to escape the effects of host-
-ingesgad toxins, and therefore would he morce suitable Ear
pest control.stratagias involving this type of
allelochemical.

Subtle diffserences in host quality (behaviaral and

chemical) should not be ignored, as these eEEecté még

te

profoundly affect .parasitoid efficiency. The physiological
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machanismé underlging these effects should be investigated.

It may be possible to select for alisiochsmicals which do
not interfere with kairomone production.. Perhaps
allelochemicals which promote kairomone production could

be selected for in_certéin crop breeding prngréms.
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.of its host.

4.6 Summary - -

LR

1. ﬁithdugh the iscquinoline alkaleid berbegfine produces
Fewer sublethal effects on grgmfh and_deveiopmant of |

Ostrinia ﬁgﬁllgllg than the thiopﬁenéﬁa-tsrthiengl, the

mortality imparted by berbarine towarhs-g.‘guhilglig at 100

ug/g in the diet is more severe than that far o-t. y

2. In contrast, the endoparasitoid [Djadsgma tersbrans is

much more suécap:ibla-tn «-t than ta berberine in the diet

v ~t

3. Parasitization rates ar@ affected by hosf behhvior in a

'choice situation. Allelochemicals in the diet of Q.

nubilslis may cause larvae to be less vigpurous andxmnbile,
Facilitating pérasitism by 0. tersbrans.

4. ‘Alpha-terthienyl at 100, ug/g in the diet of Q.

nubilalis reduced parasitiiatiph rates in both chokcé and

no-choice situations. The réasnn.for'this phenomencn is
not apparent Erom the data obtained in this study .

Sl_ Berberine does not bicacchu;ate in Q. Duhilﬁlli
larvae, and qas-no?{datacted in adult p. ;ggénngng or'ﬁha
pupql cases of eme,gad'wésps which had:béhn_reared an
berbafiﬁs—;ontaining diets. '

6. nlpha%tarthiangl higaccUmulates in Q. pwbilalis larvée

-

and was detectable in adult Q. terebransg and -the pupal

v

cases of emerged wasps which had been reared an o-t-
cuntaiﬁiﬁﬁ diets.
7. A polar metabolite of &=t was found in Q. pubilalis

larvae and 'in . ;g;gh;ﬁng adults and puﬁél cases reared

121
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from «-t-fFed hosts. This metabolite has not yet been
isplated and identified. ‘

B.. The ovérall succass aof Q.';gggggang is generally
reduced by the inciﬁsicn of berberine ar &—t in the diet o©f
the host. However, in thé dual—chqice-sit%atinn with hosts
.nE the same chronological age, 100_ug/g harbeéiné in the
host -diet appeared to be advantégeous tao [. Lﬁi&hii_i-

This was llkelg due to the relatlvelg nan- aggressxva

behavior of the treated hosts compared to the controls.

‘:ﬁ» . ) .
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5.0 CONCLUSIONS®

The present study suggests that secondary plant

+

substances may adversegly aFfect the parasitoids of

herbivorous insects ingesting these compounds. These

-effects may be manifested as direct toxicity towards the

deuelnpind parasitoid, particuléflg if tﬁa:cdmpéund-}n f -
guestion bipaccumulates, in the hest. Secondary plant

substances may also be ihdi}ectlg ﬁetrimantal to naturals ~

.enemies. "~ The quality of the hogt as a -Food source may be

reduced as é consequence of reduced Eaeding.cr'nutriant
assimilation. The attractiveness of the hast towards
gravid Eemaie parasitoids may also be alfersd due to
behaviaral or biochemical changes in hoét'larvae.

.Stddies of éllalmchgmical effects on herbivores do not
necessaril; reflect the.cansaquances'nf thaéé substances an
the third trophic level. ' Novel allelochemicals should be
axamiﬁad.Ecr effects on natural enemies in order to assess

- ,

their - real usefulness.For integrated pest management strategies

involving biclogical control.
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