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Growth, development, and survival of the bertha armyworm, @99!E

conf igurata i^la]ker, larvae !,rere investigated on 13 hos t plants belonging

to three Brassíca spp" and on two synthetic diets. The host Plants tested

were: four cu1Livars of Brassica campestrís L., a sunìroer turnip, and three

oilseed turnip rapes (Torch, Rapido III, and Candle); five cultivars of

Brassica _gapgg L. , three oilseed rapes (Tower, Brink, and Regent), and tv¡o

rutabagas (Laurentian purple top and Lift); three types of Brassica oleracea

L., a broccolí, a cauliflovrer, and a cabbage); and the cultivar Gisilba

of Brassica hirta Moench. Survival to Èhe adult stage, developmental

rate, pupal weight, sex ratio, malformed adults, and diapause pupae Irüere

the criteria used to judge the suiËability of the host plants.

In the first experiment, each of 11 hosts (Candle and Regent were

not tested in this exPeriment) was tested by incorporating freeze-dried

leaves into a synthetic diet. The standard synthetic diet (alfalfa diet)

and a cellulose diet were used as controls in this exPeriment" The high-

est survival (58-79%) and the most rapid larval developmental rate (25-30

days) occurred among insects reared on the cultivars of å. campestris

and on B. hÍrta cv. Gisilba. Almost in the same category were the cultivars

Tower (8. napus), broccoli (8. oleracea), and the artificíal diet' sur-

vival !üas slightly lower and the rate of development slightly longer on

the other cultivars of B. napus. The lowest survival (18-31%) and the

slowest larval developmental rate (3L-32 days) I{ere among larvae reared

on cabbage and cauliflower (8. o1 tacea . On the cellulose diet, develoP-

ment was very slow (36 days) and only a few insects survived to the adult
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stage (5%).

In the second experíment, only seven of the above host plants \.rere

tested by rearing the larvae on the living plants in a greenhouse. The

cultivars tested \¡rere: sunmer turnip, Torch, and Candle (8. camÞestris),

Brink and Regent (8. napus), and cauliflower and cabbage (8. oleraceae) .

Conditions in the greenhouse induced díapause Ln 22-45% of the Pupae'

so survival was calculated from the number of adults that emerged from

non-diapause pupae plus the number of living pupae in diapause trhen emer-

gence was complete. Survival was highest (747") on summer turnip, lower

(66-6L"L) on cauliflower, cabbage, and Brink and lowesE (57%) on Torch.

The larvae developed more slowly on cabbage and cauliflower than on the

other pl-ants and the average weight of pupae formed from larvae feeding

on cabbage was less (0.28 e) than on the other plants (0.31-0.33 g). The

cultivars Candle and Regent were tested separately, from different insect

stock. Survival was very high on both (87-89"L). The other criteria

measured were not significantly affected by the diet. The t\,,o exPeriments

indicated that all the å. campestris cultivars, B. hirta cultivar, Gisilba,

some of B. napus (Tower and Regent), and of B. oleracea cultivar (broccoli)

were good foods for M. configurata larvae. The other B. napus cultivars

Laurentian purple top (rutabaga), Brink, and Lift and of the B. oleracea

(cauliflower and cabbage) were inferíor foods' For B' campestris culti-

var, Torch, the results of the two experimenËs differed in that the early

larval stages feeding on living leaves suffered hígher mortality than those

fed on freeze-dried leaves incorporated into a diet. The characteristics

of the leaf surface (hairs, tough cuticle) may have inhibited larval

feed ing.

The difference in results of the two experiments for cabbage and

l::l

: lr',

':':
,,j:

::

-:.ì

:,

.t.
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cauliflower (high mortalíty on diets, low mortalíty on living leaves)

could have been caused by tìre release of toxins from chemical compounds

(e. g. degradation of t'ire ¡-lucos inolates) during the incorporation of

freeze-dried leaves into the diets. This could be the reason for the

higher mortality (59%) on cabbage than on cellulose (39%) diets in the

first 6 days. The cellulose diet which has no plant substances could be

used as a basic diet for future nutritional studies by adding specific

plant substances and investigating the effect. The high survival on the

l-iving plants gives this technique the priority as a best way to test the

suitability of any host Plant.
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CHAPTER I

lNTRODUCTION

1. Economic Tmo ortan n I s tributíon and Life H fq t ôrv oft hp

Bertha Armyworm, Mamestra conf ata lJalker

(a) Economic Importance and Distribution

The bertha army\¡rorm, Mamestra configurata, is a native insect of

polyphagous habits. The larvae feed on many species of dictyledonous

plants but favor plants in the families Chenopodiaceae and Cruciferae"

The earliest records of this insect vJere on flax, alfalfa, and sweet

clover. Cabbage, corn, peas, beans, and Sugar beets also have been

recorded as hosts. I,Ieeds, particularly lambsquarters' were reported

as hosts and favorable oviposition sites for this insect (King L928).

In the mid 1940's when farmers on the Canadian Prairies began to

plant larger acreage of rape, rePorts of the insect attacking rape began

to appear with increasing frequency and rape became the main crop attacked

(Canadian Insect Pest Revie\¡r, Vol , 22-27, 31-35). In L97L, an out-

break of unprecedented severity occurred across an area roughly 50 miles

wide, exÈending from Edmonton in Alberta to Swan River and Dauphin in

Manitoba (Turnock and PhÍlip L977). In Ig7I, growers sPent about $3'3

rnillion for insecticides and spray application (Putnam 1975). Ln L972,

the government of Saskatchewan spent almost the same amount on insecticides

and farmers bought insecticides through private channels.

In Canada, saskatchewan, Alberta, and British colurnbía are the
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provínces that have been affected by this insect. In general, the dis-

Eribution of this insect is from l"lexico (Ilexico City), north along the

Cordillera to British Columbia and east through the prairie provinces

of Canada to North Dakota (IGpatsa 1979) .

lb) Life Historv

Adult collection dates suggest t.hat Mamestra confiRurata is bivoltine

in California and Washington (i^Iylie and Buchet L977). In the prairie

provinces of Canada, bertha army!ìrorm is univoltine; it completes one

generation each year and only the diapausing pupal stage can survive the

winter. The moths from the overwintering pupae begin to apPear early in

June and reach their maximum abundance in early July. Eggs are laid on

leaves of rape or other suit.able host plants. Normally, females deposit

their eggs on Ehe lower sides of the leaves in a tightly-arranged honey-

comb pattern, one egg thick. A female may lay 100-400 eggs Per plaque

(Bucher and Bracken 1976). Larvae hatch about a week later and feed at

first on the leaves and later also on the terminal Shoots, flowers, Pod

petioles, and pods. There are six larval instars. The last larval in-

star consumes about 75-80% of the total food consumption (Bailey L976;

Bailey and singh 1977 Kapatsa Ig79). In general, green is the color of

early stages which develop paired brown or black markings on each segment

and yellowish and velvety bLack is the color of last or mature stages'

color may be affected by Ëype and inÈensity of the light (G.K. Bracken,

personal co¡rununication). Larvae may hide under debris on the soíI sur-

face during the day and feed at night. During late August and early

september, fully fed larvae enter the ground to a depth of 5-15 cm and

form an earthern cell in which they transform into pupae and pass the

vJinter in a diapause state. Hegdekar (L977) rePorted that exposures of



3

the last larval stages to short photoperiods accompanied by low tempera-

Ëures is responsible for diapause induction in the pupal stage. In the

prairies, only a smal1 proportion of the larvae are exposed to the photo-

period and temperatures which do not induce diapause in the pupal stage.

Occasionally, a few mot.hs emerge in autumn but these do not produce pro-

geny early enough to reach the overrvintering stage.

2. The Problem

ilhile it has been well established that different host plants vary

in their impact on the growth, development, and survival of any Phyto-

phagous insect, the effect of different host plants on bertha armyworm

is not well known. The availability of a favorable host plant is believed

to be an important factor for insect population build-up and outbreaks

(Van Emden Ig72). The effect of different host plants on bertha army-

worm has been sËudied by Bailey (L976) and Kapatsa (1979). Bailey (1976)

reported that survivaL was good on two raPe cultivars, B. napus cv. Zephyr

and B. campestris cv. Span, and one weed gbggs.dlum 9l@ L:, but poor

on potato, solanum tuberosum L. IGpatsa (L979) tested L3 host plants

belonging to four families. He found that t.hese host plants varied from

good to very bad for develoPment and survival of bertha armyvtorm. Some

hosts gave high survÍval to the adult stage; others gave high survival to

the late larval or pupal stages, but low adult emergence, while others

caused high rnortality to the early larval stages. He concluded that the

hosts giving low survival are uEilized only when the availability of suit-

able hosts in the fíeld ís low and that such hosts have a Potential to

decrease the insect PoPul-ation.

The objective of thís study Íras to determine if potential resistance

to berËha armyürorm exists ín some Brassica sp. The presence of resistance
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!ias evaluated by determining the effect of larval feedíng on each plant

on the survival and develoPment of the insect'
tyPe

' :.t'.,'
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CHAPTER II

LITERATI.}RE REVÏE}'I

1. Insect/Plant RelationshiP

(a) Insec cifici

Insect/plant relationship is a complex interaction beEween two

lívíng organisms. Some biologísts relate this complexity to the long

and continuous co-evolution of insects and plants (Dethier L979; Singer

L97I; Southwood Lg73). understanding this relationship is of vital impor-

tance so that lee can manipulate our crops Ëo reduce losses from their

insect pest. Lipke and Fraenkel (1956) once described insect/plant

relationship as "the very hearL of agricultural entomologyrr. IË has

become essential to understand how the insects and the plants are inte-

grated wiEhin the agriculture ecosystem, in order to put a plan for insect

control \.rithout disturbing the ecosystem (Kennedy 1965). Dethier (1970)

described insect/plant relationship as a relation between two dynamic bio-

logical systems; each one subject to temporal changes in physical and

physiologicaL properties. Thus,,there may be a "proper fit'r, "partial

fit", and "no fit" beËween the plants and the insect'

Phytophagous insects differ in the plant species or even in the parts

of the plant that they utLlíze for food. Insects may feed on only one

species or on a few closely related pLant species (Monophagy), on larger

group usualLy confined within a certain plant family (oligophagy), or on

a wider group of plants (Polyphagy), but they never feed on all plants
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(Fraenkel L959; Thorpe L947; Thorsteinson 1960). The question of r¡hether

host selection in phytophragous insects ís governed by the nutritional

superíority of the particular plant or Part of the plant that serves as

a food, or by the presence or absence of attractants and repellenÈs in

plants which are otherwise of more or less uniform food value has not

been answered.

Fraenkel (1959) suggested that secondary plant chemicals are solely

responsible for host plant selection. He based his Èheory on the assumP-

tion that the basic food nutrients of phytophagous insects are identical

and can be provided by any living plant tissue' Only variation in the

quantity and quality of secondary chemicals among plants causes the diver-

sity between plant species which leads to the specificity in plant-eaËing

insects.Secondaryplantsubstancesarelargelythoughttopossessno

primary function (as a nutrient or energy sources) in the plant or in the

insect (Hedin et al. LglT). These substances occur in plants as a defence

mechanism as a result of the co-evolution of insects and plants (Southwood

I973; l.Jaiss et al. lg77) and also serve as token stimuli which are repellents

Èo insects in general and attractants to those few species which feed on

these plant species (Fraenkel 1959) '

ontheotherhand,Thorsteínson(1960)supportedthetraditional

víew ín which the primary nutrient composition of the plant plays a major

role in insect host selection. The idea that differences in food habits

reflected differences in nutritional requirements was an attractive theory

to most early $rorkers (Beck Lg74). Thorsteinson (i960) reported that

insects do, by and large, select food plants which are nulritious' orher-

wise,thespecieswouldnotsurvive.However,itisnoËnecessarythat

the ínsect should sense the taste or smell of every essential nutrient'

some of the nutrients in plants act as gustatory indicators of a suitable
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food substrate, and many insects respond and discriminate between different

concentrations of these essenËia1 nutrients such aS sugar, emino acíds

(Dethíer L937) '

Kennedy and Booth (1951) proposed the "dual discrimination" theor¡

to explain the phenomenon of host alternation in aphids. Later, Kennedy

Gg65)genera]"izedhistheoryforallphytoPhagousinsects.Inthis

theory, insects select their hosE by responding to tvJo ËyPes of stimuli'

one stimulus comes from the secondary chemicals (flavor stimulus) and

the other from feeding stimulants and deterrents, which may or may not

constitute prímary nutrients (nutrient stimulus) '

HoweverrmostentomologistsrejecttheThorsteinsontheory

(ThorsËeinson 1960) which defines the host plant as the one which lacks

rejectant substances. This theory describes the search for hosÈ plants as

random, eliminating any kind of cue evoked from the plants and used by the

insects to find their hosts. ExperimentaLly, insects have been observed

to respond to a wide range of phytochemicals, particularly volatile

substances. InsecËs, in Ëheir response to these stimuli, display a

sequence of behavior called host finding and selection behavior' Thus'

host plant specificity is determined by both positive (acceptance-evoking)

and negative (rejection-evoking) stinuli (Beck 1974). Both plant morpholo-

gical characteristics (texture, shape, or color) (Gilbert L97L; Hedin

et al, Lg77), as weLl as plant chemical composition (secondary and primary) 
'

could be ínvolved. Chemical substances that evoke orientation' biting

orpiercing,andcontirr'uous.feedingarecalledattractanËs,íncitants,

and feeding stimuli, respectively. Chemícals that prevent these behavioral

processes are called repelLents, suPpressants, or deterrents' resPectively'

(Dethier et al. 1960; Beck 1965). Related plant species usually
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contain a similar array of attractants and stimulants. Host specificities

of insects util ízíng members of the plant group may then be determined by

repellent and deterrent substances Present in some of the plants (Beck

1974; Chapman Lg14). Gravid females usually respond to plant stimuli in

their selection of host plants for ovipositíon. Selection of the proper

host is essential to the survival of the offspring. Chemicals Ëhat evoke

this kind of stirnuli are called "oviposition stimuli".

The observation that maxillectomized larvae may feed on some plants

not normally accepted has led some q?orkers Eo postulate that host plant

specificity is principally determined by repellent and feeding deterrents '

Insects would, therefore, feed on any plant that is not repellent or dis-

rasreful (Beck Lg74). This suPPorts the assumPtion of Fraenkel (1959)

that any plant can satisfy insect requirements if the ínsect can be induced

to eat enough of it. In contrast, Waldbauer (1962) showed that alËhough

maxillectomized larvae will eat some non-host leaves, they do not develop

normally on them. Insects aPpear to get more information about the plant

suitability than is given by one or more than one stimulants or inhibitors

(Schoonhoven 1969). Therefore, although insects sometimes respond to a

single dominant compound, probably no such domination exists in a much

larger number of situations. consequently, an adequate resPonse more 1ikely

requires a complicated Profile of compounds (ttedin et al. L977) ,

(b) Impact of PlanË on Insect Growth and Survival

Beck (1974) represented the insect/plant relatíonship by tv'to axes;

one for preference and non-preference and the other one for growth and

survival. He poínted out that these tvro aspects are not completely inde-

pendent aspects in determining host planË specificity. Painter (i95i)

referred to these t!.ro aspecEs as preference, non-preference, and



9

antibiosis. However, host planÈs must meet the insectts requirements in

respect to both behavior and general dietetics. But a distinction must

be drawn between resistance to feeding and resistance that acts by inter-

fering with physiological processes underlying gro!¡th and survival. Beck

and Reese (1975) posEulated that nutritional superiority of the plant does

not determine host specificity but it does determine the degree that the

insect can utilize the host.

It has been known for a great nÉny years that plant species vary in

their adequacy as hosts for even the most generalist polyphagous insects.

Insects do not gro\¡r equally well on all plants or plant tissues, even when

there are no apparent behavioral barriers to their feedíng (Reese ll,-il).

Painter (1951) described these effects as íncluding: (a) increased mor-

tality during specific feeding stages or later ín the insect life, (b)

abnormal length of life, Particularly a lengthened growth period of the

inrnature stages and a shortened adult lífe, (c) abnormal síze ot weight,

(d) abnormal form such as deformation of the pupae or the adults, (")

decreased fecundity, (f) reduction in food reserves which can result in

unsuccessful hibernation or other abnormal behavior. These deleterious

effects can be caused by one or more of the following factors:

(1) Feeding inhibition: Many inhibiting factors interrupt the

feeding process and lead to starvation (IÍabry et a1. 1977; Painter 1969).

The inhibitors could be physical characteristics (tough texture or hook-

like hairs on the surface) (Beck L974; Lamb 1980) or naturally occurring

antifeedant and inhibitor chemicals (Munakata itg77),

(2) Poisoning: Some plants contain insecticides, e'g' nicotine'

pyrethrins, rotenone' tannin, some terPenoids, gossypol' These toxic

substances occur in agrícultural and non-agricultural plants and have
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deleterious effects at low concentration (Stipanovic et al. I977 ; lIaíss

eE aL, L977). Plants having such substances can be utilized only by

insect species that have the ability to detoxify these chemicals

(Schoonhoven l-969) ,

(3) Metabolic effects: Abnormal growth and survival can be caused

by:

(a) Nutríent def,íciency: Absence or deficiency in some of

the essential nutrient requirements of the insect cause abnormal growth

and decreased survival (Painter 1969; Fraenkel and Blewett 1945; f,laiss

et al. L977).

(b) Unbalanced nutrition: The dietary proportion of the

required nutrients may be of greater imporEance than their absolute

quantities (Painter 1969; Kugelberge 1973; House L97L).

(c) Unavailability of nutrients: Plants containing the essen-

tial nutrients for insect growth and development may differ in the state

in which these nutrients exist. Insects nay not be able to utilize

nutrients that exist in a compLex state (Beck L974).

However, most entomologists agree that insects are similar in the

nutrients required for their metabolism and energy. The essential

nutrients for growth and survival include sugar (K.napp et al. L966; Hedin

et al. L977), amino acids (Van Ernden and Bashford I97l; Benepall and

HaIL L967), dietary fat or fatty acids (Grison 1958; Fraenkel and

Bler.rett L945), minerals such as N, P, K, Ca, Mg (Barker and Tauber

1954; Branson and Simpson 1966; Slansky and Feeny L977; Scriber L978;

Hedin et aL, L977), and vtater (Mellanby and Fench 1958; Beenakkers

et a1, L97L l.Ialdbauer L964). Although the secondary pl.ant substances

are targely believed to be unimPortant for insectsr metabol-Ísm and

energy, their exístence in the plant tíssue has a greet effect on insect
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growgh and survival because they interact with essential nutrients. This

interaction can result in (a) reduction in the availability of the nut-

rien¡s, (b) complex compounds which can be toxic, (c) deactivatiorr of some

important enzymes such as digestive enzymes (Reese I977; Rosenthal et

ú. L976; Green and Ryan L972; flaiss et a1 " 1977)" Some plants con-

taín juvenile hormone (JH)-mimicking compounds and some other insect

grow¡h hormones which have detrimental effects (Jacobson I977).

(4) Chronic effects: The inhibition of growth may be due to an

inhibition of ingestion, assimilation or effÍciency of conversion of

assimilated or ingested food" A feeding insect must ingest food that not

only meets its nutritional requirements but also is capable of being

assimilated and converted into the energy and structural substances

required for normal activíty and development (Reese 1977; Beck 1974) '

However, it is not easy to define the actual cause of all the effects

on insects feeding on intact plants" A single compound, in the plant,

could have different functions and effects dependíng on the v'rhole nutri-

tional composition of the P1ant.

2. The Family Cruciferae

(a) Genus Brassica Taxonomíc Relationship

Brassica is the most important Genus in the family Cruciferae' It

includes mâny economically important croPs, including rapeseed and mus-

tard. The connnon rapeseed cultivars belong to two sPecies, B. campe stris

L. and B. napus L. Commercial mustard crops belong to tvto species'

B. hirta Moench. and B. Íuncea (L.) Coss' The less important mustards

belong to three other species, B, nigra Koch, B . carinata Braun., and

B. kaber (DC) L. C. I,Iheeler. B. oleracea is closely related taxonomically
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íts

rapeseed

related

and mustard and includes

cultivars (Downey et a1.

such imporËant crops as cabbage and

reTs).

taxonomic relationship with theThe first good analysis of the

genus@,basedoncyto1ogica1evidence(Figure1)wasdonebythe

Japanese systematist-U (Bengtsson et a1. I972). Later, many chemoLaxono-

mists have established that the amphidiploid species have arisen from

interspecific crosses among the basíc diploid species, i.e. B" juncea

(n=18) from B. nígra (n=8) X B" campestris (n=10); B" carinata (n=17)

from B. nigra (n=B) X B. oleracea (n=9); and B. napus (n=19) from B.

campestris (n=10) X B. oleracea (n=9) (Vaughan and l,Iaite L967; Vaughan

and Denford 1968; Dass and Nybom L967). There is no clear taxonomic

relationship between å. hirta and B. kaber and the other species in the

triangle. Some taxonomists include them in Sinapis rather than in Brassica

genus (Downey et al. 1975)

By natural selection during perhaps several thousand years and by

recent breeding processes, different types and forms of most Brassica

species and cultivars have been developed. Some of these types are not

well differentiated from each other" Each species has different groups

and varieties, some of which have been wrongly regarded as independent

species (Nishi 1980).

(b) 'rCruciferae as Host Plants for Phytophaeous Insectsrr

The most common characteristíc of Cruciferae, as insect host plants,

is the occurrence of glucosinolates and thÍoglucosides (musËard oil

glucosides). Glucosinolates are secondary compounds biosynthesized from

amíno acids. These compounds are found only in a few families of the

dicotyledonous angiosperm plants, particularty in the order Capparales,

which includes the families Capparaceae, Cruciferae, and Resedaceae"
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Glucosinolates are sulfur comPounds with a remarkably uniform structure,

varying solely in the character of the side-chain (R) of the compound.

Cruciferae contain more than 60 individual compounds (e.g. sinigrin,

progoitrin, glucocheirolin, sinalbin, etc.), but usually each species

varies in the number and concentration of these compounds from the other

species (Kjaer I976). llhen the plant tissue is damaged, glucosinolaEes

are hydroLyzed by a group of enzymes (myrosinases) deposited in the plant

tissue. Volatile isothiocyanates (musÈard oil), thiocyanate, and nitriles

are usually produced (Figure 2). Glucosinolates' âs secondary phyto-

chemical compounds, are believed to have been developed by the plants as

defense mechanisms against pests (Feeny Ig76). Kjaer (Ig76) reported that

these compounds are paitly responsíble for the undesirable toxic manifes-

tations occasionally observed when large amounts of crucifer material ate

used in anímal or human diets.

Oligophagous insects associated with Cruciferae are believed to be

related to the existence of glucosinolates or their hydrolysis products

that have been found in all the Crucíferous sPecies that have been tested.

These compounds serve as long distance olfactory cues and as feeding

stimulants for the specialist insect fauna of the Cruciferae (Fínch L978;

Nielsen l9l8; Nayar and Thorsteinson 1963). These insects will attack

an unusual host plant if Ëhis plant has been cultured in any a11y1-

glucosinolate compounds such as sinigrin. They also attack some plant

species ín families related t.o Cruciferae (Capparidacese, Tropaeolaceae,

and Limnanthaceae) which conÈain glucosinolate compounds (Feeny et a1'

1970). Cruciferous plants containing a high concentration of gluco-

sinolates (artificially concentrated) do not significantly affect the

growth or survival of insecEs normally feeding on cruciferae (B1au et

al. 1978). Hourever, such p1-ants are less attractive as food for these
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ínse cts .

While glucosinolates serve as Positive cues for cruciferous insects,

Ëhey represent the primary chemical defense of Cruciferae plants to otiier

ínsects (l,lhittaker and Feeny 1971). GlucosinoLates usually occur of

cruciferous plants in a quantity high enough to cause death or at least

drastic reduction in fitness of insects outside the crucifer fauna'

InsecË species characteristic of the crucifer fauna have evolved means of

avoiding or reducing the toxic effect of mustard oils as well as using

them or their glucosides as behavioral attractants or feeding stimulants

(Schoonhoven 1969).

GlucoSinolates, therefore, Serve as an evolutionary boundary between

cruciferous specialists and ot:ier oligophagous ínsects. It needs at least

two genetic mutations for other oligophaga (e.g. an umbliferae specialist)

to become a cruciferous sPecialist; the ability to detoxífy the barrier

toxic compounds, allylglucosinolates, and the behavioral mechanisms that

make these substances attractive (James and Feeny I974),

Since generalist insects are believed to be less adapted to any

particular class of defensive compounds than are the relevant specialist,

they may be more sensitíve to the concentration of these compounds' High

concentrations of allylglucosinolates usually inhibit feeding of the

generalists (Blau et al. 1978).

However, not all cruciferous plants are equal as host plants to

specialist species. Erikson and Feeny (L974) progosed that insects tend

to narror.¡ their host range rather than to widen it' Therefore, there Ís

a possibility of more sPecíalization among the cruciferous insects to

special host plant species within the family' Thus' host restriction

cannot be explained solely by a common chemical factor such as gluco-

sinolates, but must include factors such as plant microhabitat, plant
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nutritional values, and other plant defenses, both physical and chemícal

(nethier 1970). Some species of cruciferous plants cause abnormal growth

and some species are completely rejected by specialist insects (Chew

L975; Feeny et al". 1970). Some crucÍferous plants contain other inhibi-

tory and toxic compounds such as cucurbitacins, cardenolides, and alka-

loids. These compounds cannot be tolerated by some cruciferous special-

ists (Níe1sen 1978).

t'Ihile there are differences in quantity and quality of glucosinolate

compounds among Cruciferous plants, insects also vary in their adaptation

and response to these differences (Feeny I976>. In addition, the nutri-

tional composition of the plant, the concenLrationof proteins, carbohy-

drates, amíno acíds, or faÈty acids could have an influence on the growth

and survival of any insect, specialist, or generalist (House L974).
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CHAPTER ]I]

MATERIALS AND METHODS

1. Insect Cultures

The eggs of Ìl . configurata used in the experiments rvere obtained from

the culture maintained at the Agriculture Canada Research Station,

llinnipeg, on the synthetic diet developed by Bucher and Bracken (1976).

Plaques of fertÍle eggs r,iere collected daily and incubated at 25o C with

16:8 hr photoperiod and 70% R.H. One day before hatching, the eggs were

placed in cups containing the diet. The larvae were allowed to complete

the first instar on the diet. Newly-molted second ínstar larvae were

used in all of the experiments because mortality of newly-hatched larvae

is variable and apparently unrelated to the food provided (Bucher and

Bracken 1976).

2. Host Plants

Eleven different cultivars within the genus Brassióa were used in

these experiments (Table 1). All seeds were obtained from commercial

sources. The plants were grown in flats (38 X 10 X 40 cm) for the leaf

diet experiment, or individually in cellulose Pots (6 X 7 cm), for the

living plants experiment. The plants were grown in a mixture of peat

and sand (ratio 3:1) in a greenhouse at 25-270 C,507" R.H., and 16:8 hr

photoperiod. Fertilizer was added shortly after germination. Plants

were used as food at age of 5-7 weeks, when four to six leaves Tdere

present.
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3. Experimental Procedures

(a) Experiment 1

In this experiment, leaves of 11 cultivars of four Brassica spp

(Table 1) were tested as food for M. confi ata by using each of them

to replace dried alfalfa in the synthetic diet described by Bucher and

Bracken (1976). Healthy leaves of each type of plant were collected,

placed in a cloth bag at -20o C, and then freeze-dried and crushed to

powder. To maximize the effect of the dried leaves in the diet, the

weight of leaves used was twice the amount of alfalfa used in the stan-

dard diet. The standard diet, including dried alfalfa, was used as a

control. In addition, a diet in which the alfalfa was replaced by an

equal weight of cellulose was tested. This diet, since it contained the

minimum amount of unknown or unquantified components, could be used as

a basic dieÈ to which extracts of leaves, or specific primary or secondary

plant substances could be added to test their effects on the growth and

survival of bertha arm)^¡rorm. The diets were handled and poured into Plas-

tic cups in the same way. One hundred second-instar larvae were placed

on each diet type, 25Iatvae Per cuP. The number of larvae Per cuP rdas

decreased at each growing stage to avoíd crowding. The diet cuPs !'tere

replaced by fresh ones at least every 3 days. The cuPs contaÍning the

larvae were kept at 20 + 1o C, 70% R.H. and 16:8 hr photoperiod. For

each food type, records were kept of survival at íntervals during the

larval stage, at puPation, and at adult emergence; of the duration of the

larval (L, to pupation) stage and of the pupaL stage; the sex of each

pupa; of any structural deformation in the adults"
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(b) Experiment 2

For this experiment, whole plants vrere Provided to the insects

in cages. The host plants üested in this experiment were: Turnip 2520

and Torch cultivars of Brassicg campestris L. ; Brink cultivar of Brassica

napus L.; and cauliflower and cabbage cultivars of Brassica oleracea L.

Tçelve pots, each containing a plant of the same cultivar' !ìtere placed

in a flat (3S X 10 X 40 cm) which contained soil of 3 cm depth. A screen

cage (38 X 70 X 40 cm) was place<l over each flat. Each plant cultivar

was represented by one cage. The plants inside the cages I/üere watered

from belovl . Individual plants were replaced every 10 days or \^rhen the

leaves were consumed. Plants seeded at intervals were available, so that

the same age of plant (5-7 weeks old) vras available throughout the period

of insect feeding.

A hundred second-instar larvae were placed into each cage. The cages

were set in a greenhouse maintained at 20 J 5o c, 70 + 57. R.H., and 16:8

hr photoperiod. Twenty days after the larvae were placed in the cages,

a1-1 plants and Larvae were removed. The tarvae l/eere identified to instar

and counted, then replaced ín the cages with the plants. l'Ihen pupation

was Complete in each cage, the PuPae were removed, sexed, weighedr and

counted. Some larvae remained in the PrePuPal stage long after the other

larvae had pupated. The number of prepupae in each cage was, therefore,

recorded. Dead pupae hrere recorded and removed, and the re¡nainder were

kept at 20o c, 70%R.II., and 16:8 hr photoperiod until adult emergence.

Number of normal and malformed adults \¡rere recorded. The number of pupae

that were in diapause leas also recorded'



TABLE 1. Plant species, subspecies, cultivars, types and sources of the plants fed to larvae of
confieurata.M.

Specíes Subspecies Cu1 t ivars Types and Sources

Brassica campestris L. turnip 2520

Torch

Rapido III

Sunrner turnip rape

Sunrner oilseed rape

l,Iínter oilseed rape

(Canada)

(Canada)

(Europe)

rapa

rapa

Brassica napus L. annua Tower

Brink

Laurentian purple toP

Li fr

Oilseed rape

Winter rape

Rutabaga

Rutabaga

Broccol i

Caul íf1 ower

Super snow ball

Yel1ow mustard

(Canada)

(Europe )

(Canada)

(Iraq)

biennis

Napobrassica

Þfgg_q_1_E- oleracea L botryt is

botrytis

cap i tata

I,laltham (29) (Canada)

(Canada)

cabbage (Canada)Golden acre no. 84

Brassica hírta Moench. Gis ilba (Canada)

N)
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CHAPTER W

RESi]LTS

I Diets IncorporatÍnø Pl ant Leaves Experiment No. 1

(a) Survival

The effect of food on the survíval of bertha army\torm varied con-

siderably among the types of food tested. The survival curves

(Figure 3) from L2 to adult emergence viere of several Éypes, depending

on the diet. The highest survival was among larvae fed the Torch,

Summer turnip, Rapido III, Tower, Broccoli, Gísilba, and alfalfa diets.

LarvaL survival to Ehe adult stage, on these diets, varied from 58-79%

(Table 2). Survíval was not quite as high among those fed the rutabaga'

Brink, Lift, and Cauliflower diets where adult survival was 31-48%.

Larvae fed the cabbage diet had the lowest survival (18%) among those fed

diets containing plant leaves and only 5% of the larvae fed the cellulose

diet reached the adult stage.

In general, most of the effect of diet on survival was expressed

during the early larval instars, within 12 days of the beginning of the

experiment (Figure 3). On unsuítable foods, such as cabbage, ce1-lulose,

and Cauliflower, mortality during the first L2 days was high while no

mortality occurred among Latvae fed Torch, Summer turnip, and Rapido III

(Table 3). Mortality in the later Iarval stages and in the pupal stage'

vras similar for all diets excePt for high mortality in the 12-18 day

period on Brink, in the 24-30 day períod on Lift, and during the pupal
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TABLE 2. Number of Mamestra configurata surviving at intervals (days)
after 100 L2 larvae were placed on cups containing 13 different
diets, The number surviving to the pupal stage and to adult
emergence.

Days After Beginning of L2

Food 612182430364245
Pupal
s tage

Adul t
s tage

B. camÞestris

Torch

Summer turniP
Rapido lII

100

100

100

100

100

100

9B

90

77

94

83

69

86

74

64

82

74

64

81

74

63

81

/4

63

81

74

63

79

72

5B

a

b

de

B. napus

Tower

Rutabaga

Brink

Lifr

94

94

88

91

94

89

83

79

78

81

55

62

75

73

52

57

72

67

46

47

72

63

43

45

7T

59

43

42

70

58

43

42

70

58

4J

42

67

48

4L

38

c

e

f

f

B. oleracea

Broccol i

Caul if1 ower

Cabbage

98

77

4T

94

53

32

80

40

25

7L

40

25

69

39

23

68

34

20

66

34

20

66

33

I9

66

33

L9

63

31

18

cd

oö

h

B hir ta

Gis ilba 93 86 80 79 77 75 70 70 70 68 c

SynËhetic diets
Alfalfa

Ce 1 1u1 ose

98 90 74 7L 69 64 64 64 64 6I de

6L19151313966 6 5i

Different letters represent a significant difference in survival (P 0.05).
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TABLE 3. Age-specífic mortaliEy (% of the number alive at Èhe

beginning of each period) from L2 to pupation and during the
pufal period of luf. configurata that were fed on different diets

Days after Begínning of L2

Food 6L2182430364245
Pupal
stage Total

B. campestris L.

Torch

Summer turniP
Rapido III

0

0

0

0

0

0

2

10

23

4 9

11

l

5

0

0

1

0

2

0

0

0

2

3

B

2T

28

42

8

10

B. napus L.

Tovrer

Rutabaga

Brink

Li fr

6

6

t2

9

0 17

59
s33

13 2L

4

10

5

8

4

8

11

ll

0

6

6

4

1

6

0

0

1

1

0

0

4

L7

4

9

33

52

59

62

B. oleracea L

Broccol i
Caul i f1 ower

Cabbage

2

23

59

4

31

2T

15

24

2L

11

0

0

2

2

I

I
L2

13

3

0

0

0

2

5

4

6

5

37

69

B2

B. hirta Moench.

Gis ilba 777L2260 2 32

Synthetic diets

Al fal fa

Ce1 lul ose

2 8 18 4 3 7 0 0 5 39

9539682113030330 16
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Fig.3a. Surviv
for M

alship curve from the L,
. configurata fed diet õ

larval instar to adult emergence
ontaining B . campestris cultivars

Torch, Sunrner turnip, and Rapido III and B . hírta cultivar
Gisí1ba.
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Flg.3b. Survivalship curve from the L" larval instar to adult emergence
díet óontaining B . napus cultivars

and Lift.
forM.
Toweî,

configurata fed
Rutabaga, Brink
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Fig.3c. SurvÍvalship curve from
forM. configuratafed

the L, larval Ínstar
diet óontaining B .

to adult
oleracea

emergence
cult ivars
diet sBroccolí , Caulif loÌ^7er,

Alfalfa and Ce11u1ose.
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FÍg.4 The relationships between survival (Log e) and age (Log e) of larvae of
Itll r conf rata fed diet contaÍning å . campestrís cultivars Torch,

and RapÍdo III, B . napus cultivars Tower, Rutabaga,Summer turnip,
Brink, and Lift, B. oleracea cultivars Broccoli, Cabbage, and Cauli-
flower, B . hirta cultivars GÍsilba, and two synthetic díets Alfalfa,
and cellulose.
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FIGURE 4. The relationshÍp between survival (Loge) and age (Loge) of
larvae of U. confiqurata that were fed diets containing B.

campestris cultivars Torch, Summer turnip, and Rapido III,
B. napus cult
oleracea cul t
hir ta cul. t iva
cel lul ose .

The equations

Torch

Sunrner ÈurniP

Rapido III

Tower

Rutabaga

Brink

Lifr

Broccol i

Caul i f1 ower

Cabbage

Gisilba

Al fal fa

Ce1 1u1 ose

ivars Tower, rutabaga, Brink, and Lift, B.
ivars broccoli, caul-if1ower, and cabbaBe, å.
r Gisilba, and two synthetic diets alfalfa and

of survivorshíp vrere:

I = 4,89-0. L2 x, R2 = 0.84

I = \,96-0.17 x, R2 = 0.89

Y = J. L2-0.26 x, R2 = 0.90

I = /¿,,86-0.16 x, R2 = 0.91

I - 5. 15-0. 29 x, R2 = 0. 91

I = 5.19-0. 39 x, R2 = 0 ,92

I = 5.30-0. 4L x, R2 = 0.97

I = 4,99-0. 2L x, R2 = 0.94

I = Q,93-0.38 x, R2 = 0.94

I = 4.35-0.36 x, R2 = 0.98

I = Q,,7g-0.L4 x, R2 = 0.97

I = \.98-0.22 x, R2 = 0.96

I = 5.77-L,02 x, R2 = 0.95
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stage on rutabaga. There was little mortality after 24 days except among

t.hose fed Brink and rutabaga.

The relationship between survival (Log e T") and t,he tíme (Log e days)

was found to be linear (Figure 4). The 12 values varied from o.B4-0.98.

Statistical analysís (Analysis of Varíance of the regression 1ínes) showed

thêt Èhe regression for Torch was significantly different (P< 0.05) from

thet of Sunner turnip and both were different from the other diets. The

intersect and/or the slope was slightly different between the regressíons

of Tower, Gisilba, and Broccoli, and of alfalfa, Rapido III, and rutabaga.

These were significantly (P < O.05) dífferent from Brink and Lift which

have almost the same regression lines. The regressions for Cauliflower

and cabbage leere significantly different (1ower survíval) than those for

any other diet containing plant leaves. Cellulose was significantly the

lowest (P< O.05) in survival among the 13 diets tested. Different

letters in Table 2 indicate sígnifícant difference in the regression lines.

(b) Developmental Rate

The developmental time for bertha armyr¡rorm was'affected by the larval

food (Table 4). The time spent in the larval stage (L2 to pupation)

ranged from 25 days on Summer turnip to 36 days on Cellulose. T-Test for

Multíp1-e Pairwise Comparison (Accomodates Unequal Variance) vJas used to

analyze Èhe variability in the developne.ntal rate. Larvae reared on B.

campesËris diets (Torch, Summer turnip, Rapido III) spent signíficantly

fewer (P<0.05) days before pupation than larvae on the other diets

except for the B. oleracea cultivar Broccolí. Larvae fed the Broccoli

diet were 4-5 days faster than the larvae on Lhe other B. oleracea diets

(CaulifIower, cabbage). The developmental rate of larvae on Cauliflower,

cabbage, and rutabaga (8. napus) was the slo¡rest (except for Cellulose
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TAILE 4. Mean number of days (; + S.D.) spent ln the larval and pupal stages of I'1. confiqurata reared on
different types of diet.

Lårvae Pupae Total Devetopmental period

Food Sex x + s.D Range ;+S.D. Rånge I + s.D. Ranpe

B. canpestris L

Tor clr

FemLe

l'La I e

Bot h

37

44

8l

28.2 + 1.9

27.6 ! 1.7

27.9 + 1.8 b

25-33

25-3r

25- 33 2s.2 ! 1.4 22-29 19 52.9 + 2.2 49-5e

Sumer turnip
2520

Feml e

l{ale

Bot h

34

40

74

26.1 + 3.t
24.7 ! r.6

23- 35

23-27

24.2 + LI 2l-28 72 49 ,0 ! 2.5 41 -58

Rapido III
Femle

Èla1e

Both

2T

42

63

27 .5 ! 2.4

26.7 + 1,8

26.9 j 2.0 b

25- 35

25- 33

25- 35 23.8 + 1.8 21-28 5E 50.i + 3.2 46-58

B. napus L

Tower

Fenal e

Itale

Bot h

36

34

70

28.7 + 2,4

29.t + 2,2

28.9 + 2,3 c

25-35

25-33

25-35 24.t + r.9 2I-28 67 52.9 + 3,6 18-63

Ru ta ba gê

Femle

I'la 1 e

Bot h

24

3L

58

32,5 + 4.8

31.6 + 4.8

32,0 + 4,8 e

27 -39

25-41

25- 4r 25.1 + I.3 23-28 48 56.8 + 4.2 5I-67

Br ink
Feule
Ma 1e

Both

L7

26

43

29.8 + 3.0
3r.1 t 3.7

30.6 + 3.5 de

27 -35
25- lI
25- 41 25.9 + t.4 23-29 41 52.5 + 3.9 50-68

Li ft
Fero1e

ìlåle
Bot h

24

t8
42

29.3 + 4.3

26.8 + t. 5

28.2 + 3.6 bc

25- 39

25-29

25-39 24.7 + r.8 2t-29 38 53.3 + 4.5 48-66

B. oleracea L

Broccol i
Femle
llsle

Bot h

30

36

66

21 ,5 + 2.8

27,5 + 2,5

27.5 + 2.6 b

25-35
25- 35

25-3s 24,O + 1.1 2I-29 63 5I.4 + 3.3 48-62

Caulifloser
FemIe
¡tBle

8ot h

2L

L2

33

3r.81 3.3

30.3 + 2.6
31,2 J 3.1 de

27 -37

27 -37

27 -37 2s.6 ! 1,6 23-29 31 56.7 + 3.1 5I-64

Ca bbage

Feml e

Ì,1å I e

Bot h

1

L2

t9

29.e ! 3.0
33,314,1
32.1J 4.0 e

27 -35
29-41

27 -41 25.A + r.2 23-28 l8 57.1 + 3. 5 52-68

B. hirta Moench

Gisi L ba

Femle
l,fa I e

Both

32

38

10

30.3 J 3.4

29.3 ! 2.9

29,1 + 3.L cd

25-35

25- 37

25-37 25.1 ! r,7 22-?9 68 s5.5 I 3.8 49-66

Synthetic diets

Alfalfa

Femle
!4al e

Bot h

39

64

30,3 ! 2.e

29,9 ! 3.5

30.0 J 3.3 d

27 -39

25-45

25- 45 ?5.4 + L6 22-3r 61 55.2 ! 2.8 52-68

2

4

6

36.3 ! 2.3

36,3 ! L,2

36.3 I I.ó f

3s-39

35-37

35-39 23.4 ! 1.3 5 60.0 + 2.6 56-63
Ce11u1ose

Femle
Male

Both 2l-24
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díet) and was sígnificantly (P 0"05) slor,rer than on the alfalfa dier"

Most of the larvae fed B. napus diets had almost the same developmental

rare and this was similar to the alfalfa diet (30 days). In Table 4, any

means with different letters are significantly different (P 0.05).

In general, females spent more days in the larval stage than ma1es,

except for those on Tower, Brink, and cabbage. However, the difference

bet\.reen sexes in developmental rate T¡ias small (1-3 days).

The developmental time for the pupal stage vtas almost the same on all

rhe diets (23-25 days). Thus, the variation in the total developmental

period was caused by differences during the larval stage. The total

developmental period from L2 to adult emergence ranged from 49 days on

Summer turnip to 60 days in Cellulose. There \¡ras considerable variabílity

in the length of the larval and pupal stages.for individual insects but

this variabilíty was not related to diet rather than related to the natural

dífferences between the individuals themselves.

(c) Sex Ratio. Diapause PuPae. and Adult Deformation

Although the number of males tended t.o be lower than of females

(Table 5) the percentage females did not differ from 50% on any of the

diets (chi-square analYses).

The conditions under which the larvae were reared (20 t 2o C,18:6

LD) nornrally produce non-diaPause pupae (Hegdekar L977)" In this experi-

ment, a few diapausing pupae ( 2"/") were produced on some of the diets

(Table 5) but their occurrence was not related to the effects of diet'

Most of the adults that emerged \^rere normal in appearance. Among

abnormal adults, some failed to completely shed the pupal integument but

deformed wings or antennae \4rere more common. Abnormalities occurred among

adults from most of the diets buË Èhe number was smâll ( 8%) and the

difference among diets was insignificant (P 0.05). The diets giving
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TABLE 5. Percentage of females, diapause PuPae'
of M, configurata reared on different types
of individuals is given in Table 2.

and deformed adults
of diet. The number

Food Females
(7.)

Diapause pupae
(7")

Deformed adults
(%)

B. campestris L.

Torch

Turnip 2520

Rapido ïII

B. napus L.

Tower

Rutabaga

Brink

Lifr

B. oleracea L.

Brocc ol i

Cauli flower

Cabbage

B. hirta Moench.

Gis i lba

Synthetic diets
Al fal fa

Cel 1ul ose

46

47

33

1

1

0

8

6

1

51

4L

40

5l

2

1

0

0

J

I
2

I

46

64

37

0

1

0

5

0

0

46 0 t

39

36

0

0

4

0
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the lowest survival and longest feeding periods, such as Cellulose,

Cauliflower, and cabbage, had no abnormal adults.

2 Rearins on Livine Pl tS Exoeriment No. 2

(a) Survival

Survival of bertha armyüiorm in this experiment was high on all the

five host plants tested (Table 6). Because of the high percentage of

diapause pupae which need a long time to emerge (months), survival was

measured up to the pupal stage. Survival among larvae fed summer turniP

(81%) was significantly higher (P< 0.05) than among those fed other

plants. Percentage of insects reaching the pupal stage lsas almost the

same (67-687.) on the other four cultivars.

Table 7 shows the mortality on different periods. During the first

14 days, survival v¡as extremely high on all the cultivars (97-99"/") except

for Torch (87%). At the end of. 14 days, most of the ínsects were in Èhe

fourth and fifth instars. Most of the mortalíty occurred after this

period (L5, L6, and pupation). Mortality during Lt and L6 was higher

among insects fed Brink, Cauliflower' and cabbage (29-32%) than among

Èhose fed summer turníp and Torch (L7-20%). only I"L of. the cauliflower-

fed insects died during the pupal stage while the others had 9-I5%

mortality. The number of insects surviving at the end of the exPeriment

(emerged adults plus diapause pupae) was highest for those reared on

summer turnip (74%) and lower for those reared on cauliflower (66%) 
'

cabbage (62%), Brink (6L%>, and Torch (57%) '

(b) Pupal lJe i sht

TableSshowsthemeanfresh-weightsofPuPaeattheendofthe

experiment.ThemeanPupa]-weightvaríedaccordingtothelarvalhost



TABLE 6. Number of larvae surviving after 14 days of feeding, the number of unpupated
larvae before the end of the experiment, and the number of pupae and emerged adults
of M. confieurata fed on various living plants in the greenhouse. The number of
I ivî ng pupae in diapause is also shown. N = 100 for each food plant.

B camÞestris L. B. napus L. Þ. oleracea L.
Food

Torch TurniP Brink Cauliflower Cabbage

Survival uP to 14 daYs

Unpupated larvae
(few days before the
end of the exPeriment)

Total pupae

Dead pupae

Living pupae

DÍapause pupae

Emerged adults

87 98 99 99 97

2 5 7 2L 11

67 81

7

74

30

44

68

7

6T

22

39

67

1

66

4s

2T

68

10 6

57 62

34 28

23 34

(¡)
Ltl
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TABLE 7. Mortality of larvae and pupae of g.
various living plants in the greenhouse.
plant.

configurata fed on
I\ 100 for each

Morrality (%)

Food Up to 14
days

Day 14'
pupation

Pupal
stage Total

B. campestris L.

Torch

Turnip 2520

B. napus L.

Brink

B. oleracea L.

Caul iflower

Cabbage

13 20 15 +J

262 T7 9

1 31 10 39

1

3

32

29

I
9

34

3B
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plant. Ttiose reared on cabbage (Ï = 0.28 g) were significantly (P < 0.OI)

lighÈer than the others. The pupae from Cauliflower plants (f = 0.31 g)

were significantly lighter (P< 0.01) than those from Brink and Sununer

turnip.

Pupal weight also varied between the sexes. Male pupae were lighter

than female pupae on all the host plants, but the difference was signifi-

cant (P(O.OS) only for those reared on Summer turnip and Brink host

plants. On Brink, the average female pupal weight was 40 mg heavier

than for males. There was an individual variation in the pupal weight

within host plants. The heaviest Pupae, among those reared on Summer

turnip, weighed 0.45 g, whereas the heaviest PuPae among those on the

other plants weighed 0.36-0.42 g. The f.ightest individual pupal weight

(0.17 g) was among those fed Torch and cabbage plants.

(") Sex Ra tio Dianâuse P llDâ and [)pwe 1 ôDme-n ¡e1 Rn'l.a

pupae were sexed and the percentage of females Iiras calculated (Table

9). None of the percentages differed significantly from 50%.

The percenËage of pupae in diapause varied wiËh the food plant:

60% on Torch, 687. on Caulíflower, 4L% on Summer turnip, 36% on Brink,

and 39% on cabbage. The temperature in the greenhouse (2A + 50 C) could

be expected to induce diapause in some of the larvae (Hegdekar L977), but

the food plant also seems to have had an effect. There were more females

in diapause than males on all the host plants, Particularly on cabbage

where 7L"/. of the diapausing Pupae were females.

The duration of the developmental period was not measured precisely

because of the dífficulty of observing the larvae in the cages and because

pupation took place in the soil. However, a few days before the end of

the experÍment, the number of Larvae that had not yet entered the soil-
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TABLE 8. Mean weight of pupae (g* f S.D.) of U.
various living plants in the greenhouse.

confi ata fed on

Food Sex n ï + s.D. Range

B. campestris

Torch

Female

Male

Both

Female

Mal e

Both

31

26

57

37

37

74

0.32 J 0.06

0.32 + 0.05

0.32 + 0.05

0.L9-0.42
0.17-0.39
o.I7 -0 .42

0.24-0.4s
0.25-0.40

0.24-O .45

Summer turnip
0.34 + 0.04
0.32 J 0.03

0.33 + 0.03

B, napus L.

Brink

Female

l4a1e

Both

39

25

64

0.35 + 0.03

0.31 J 0.03

0.33 + 0.03

0.24-0.39

0.27 -0 .38

0.24-0.39

B oleracea L.

Caul i f1 ower

Female

Male

Both

Female

lulale

Both

32

33

65

31

31

62

0.32

0.31

0.31

0.28

0.27

0. 28

+

J

J

!
!
I

0. 04

0. 04

0. 04

0. 04

0. 04

0.04

0 .22-0.39

0.22-0.40

0.22-A.40

0.17-0.35

0 .19-0 .36

0.17-0.36
Cabbage
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TABLE 9. Pupae sex ratio and sex ratio of diapaused pupae of M.

confieurata fed on various livi ng plants in the greenhouse.

Pupal Sex Ratio Diapause-pupae Sex Ratio
Food

Number
of

female s

Number
of

males
of

females

Number
of

femal e s

Number
of

males

o/

of
f erna 1e s

B campestris L.

Torch

Turnip 2520

!. napus L.

Brink

B. oleracea L.

Caulifl ower

Cabbage

32 26 55 20 L4 59

37 37 50 T7 13 q7

39 25 6L L6 6 67

32 33 50 24 2L 53

31 31 50 20 8 7L
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was counted and used as an indicator of developmenr. The number of unpupat.ed

larvae was: 2"/" on Torch, 5% on Summer turnip, 7% on Brink, 11% on

cabbage, and 2I% on Cauliflower (Table 6). The numbers were significanEly

higher (P < 0.05) on Cauliflower and cabbage which indicates that the

developmental rate !ùas slower on these tq¡o food plants.
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3 Aooendi o Experíment No. 2x È

Ttso other Brassica host plants have been tested, more recently,

using the same methods described for the second exPeríment. The cultivars

were candre (Þ. campestris) and Regent @. napus). since each food was

replicated thrice with 100 larvae/replicate, these results give an esti-

mate of the variability in survival in experiments using living plants.

Survival and PuPal Weight

Survival to the pupal stage was high (86-89%) on both Candle and

Regent (Table 10). The percentage of survival on Regent was slightly

higher than on Candle, but the difference was not significant (P(O'OS)'

There \¡ras no signif icant dif ference (P ( O.O5) in survival among the

three replications of Candler. but among Regent replications, one was sig-

nificantly lower (P <0.05). The percentage of females that survived to

the pupal stage !ûas almost the same on both cultivars (48.1 vs. 50.1)

and neither differed significantly from 50%'

The pupal weíght on Regent was significantly heavier (P<0.05) than

on candle. Also, the minimum and the maximum pupal weights (range) were

heavier on Regent than on Candle. On both hosts, female PuPae l'rere

significantly heavier than male PuPae (P<0.05). There lrere no signifi-

cant dif ferences (P <0.05) in pupal weight related to the replications

of Candle and Regent.

.\ 
' 

''.. '..''...'.''.r..?Jl 
.!J.'.i

{Jfr ñrilì\òt{l(}Ël{.

d.,lrlnA



TABLE 10. Mean number of larvae survived to the pupal stage/Percentage of female and

pupal weight of M. configurata fed on the living plants of Candle, B. campestris,
and Regent, B. ttãprrs, in the greenhouse. N = 100 X 3 for each food plant.

Survival Pupal i.Ieight

n lvts¿n * S.D. Female
(L)

Sex n E + S.D. Range

B camoestris

Candle 300 86.7 + 2.5 48.L

Female

Male

Both

L26

t34

260

0.36 + 0.04

0.34 + 0.03

0.35 + 0.03

0.45-0.17

o .4L-O.22

0.45-0.17

B. napus

Regent 300 89.3 + 9.8 50.1

Female

Male

Both

L34

133

267

0.40 + 0.03

0.36 + 0.03

0.38 + 0.04

0. 50-0. 29

0 .42-O .26

0. 50-0.26

¡-
N)
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CHAPTER V

DISCUS SION

1. Survival-

The present study showed that the plants tested varied in their suit-

ability as food for the larvae of M confi ata. The variation in sur-

vival was mainly among plants of different species (nigure 3a, b, and c).

The dífference may be related to the chemical composítion of the plants'

The differences in chemical composition among cultivars tend to be smaller

than the differences between species. Different species of Crucíferae

vary in their chemical composítion whích in turn may affect the survival

of larvae feeding on them (Kjaer 1960; CoIe 1976; Appelquist 1970;

Maxrvell Lg72)' rn general, cultivars of B' campestris vrere the most suit-

able food for M. confÍgurata and those of B. oleracea the least suitable'

The intermediate situation of B. napus conforms to its genetic relation-

ship to the previous tv,lo species, i'e' B' naÞus is a hybrid of B campe stris

and B. oLeracea (Downey et al. L975; Hemingway L976; McNaughtot 1976)'

B. napus cultivars showed a wíde range in their effect on survival of the

larvae. Some of them such as Tower resembled B. campestris in their

suitabil-ity white the others resembled cauliflower and cabbage, B' oleracea

cultivars. The survival of early instars of M. configurata on B' campestris

cultivars ís in agreement with the results reported by Kapatsa (1979) '

He reported good survival of early instars of Ì1. confíÊurata larvae fed

excised leaves of Summer turnip (!' campestris) ' He also tested two

cultivars of B. napus (Ze/nyt and rutabaga) which were suitable food for
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the bertha arm)¡worm larvae. Zephyr, which is an oilseed rápe resembling

Tower, was superior to rutabaga.

Cauliflower and cabbage @ oleracea) leere unsuitable food for M

conf rata particularly for the early feeding stages. The mortality in

the first 18 days v¡as 607. on cauliflower and 757" on cabbage (Table 3).

Kapatsa (L979) considered cabbage as an unsuitable food for bertha army-

)

vJorm. The mortality on cabbage and cauliflower could not be caused by

nutrit.ional inferiority for two reasons. First, the mortality on cabbage

in the first 6 days was higher than mortality on cellulose diet which

lacked the plant substances. second, feeding the larvae directly on

cabbage plantsr in the second exPerinent' gave a high survival' Thus' the

mortality could have been caused by toxic substances produced when the

Ieaves were crushed and incorporated in the synthetic diet' The cellulose

diet, which contained no plant foliage, was less suitable as a food than

any of the diets containíng plant leaves. only few Larvae reached the

adult stage. Thus, incorporating a plant substance in the diet is impor-

tant for larval survival. There is a difference in the survival Pattern

between cellulose and cabbage and cauliflower, although all three were

unsuitable food. The mortality on ce1lulose ltas consistent through all

the instars whiLe on cabbage and cauliflower it occurred mainly during the

early larval stages. Most of larvae which survíved the early deleterious

ef fect of cabbage and cauliflower reached the adult stage' Tl-re surviving

larvae apparently adapted to feeding on these unsuiEable foods' Larval

age in ítself was not involved because 30 larvae Ëransferred aÈ the later

stages from alfalfa diet to the cabbage and ceLlulose diets had high mor-

tality(100-967").Thus,thetoxiceffectforcabbageandtheinadequacy

of nutritíon :Of cellulose, affects larvae of all ages' Most mortality
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in. insect nutrition studies is in the early stages. Mortality at this

sÈage can be caused by many factors such as toxic substances and nutri-

tional inadequacy (Paínter 195I; Van Emden and lJay L973), while mortality

at the later stage (such as in cellulose diet) is usually related to Poor

nutrition (Obadofin 1979).

The second experiment showed that all of the cultivars tested (Torch,

Summer-, Èurnip, Brink, cauliflower, and cabbage) were suitable as food for

M. configurat.a. The survival was particularly high for the young larvae.

Except on Torch, the mortality during the fírst 14 days was less than 4%.

The higher mortality in Ëhe early stages on Torch could have been caused

by the tough texture which is the characteristic of Torch leaves. Mor-

phological characteristics such as cuticle thickness or hairy surfaces

are important factors acEing as a physical obstruction to feeding, Par-

ticularly for young larvae (Bernays and Chapurart I973; Nielsen 1'977).

Hoxie er al. (1975) and Ga1lu et al. (1966) reported a reductíon in sur-

vival and larval feeding as the density and lengËh of the trichomes

increased. Despite the earJ-y mortality on Torch, B. campestris cuLtivars

(Torch and Summer turnip) were better food than the cultivars of B. napus

(Brink) and !. oleracea (cauliflower and cabbage) (Table 6). This is

in agreement with Ehe resulÈs of the first experiment. However' survival

on Brink, cauliflower, and cabbage was much higher than when leaves of

these plants were incorporated into synthetic diets. The dífferences

in results belween the tvto exPeriments may be related to the both mor-

phological characterisËics of the Leaves and to the chemical changes that

could have occurred in preparing the diets (see General Discussíon) '

The later test of Candle, B. campestris, and Regent, B' napus

(see Appendix to Experiment No. 2) confírms the result of high survival



in the second experiment" The test

were used, each one with 100 larvae.

cultivars. The slightly higher surv
I

napus, is not significant. The surv

survival on Tower in the first exper

of selection from Ehe B" napus culti

(Stefansson 1975)" However, both B"
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t because three replications

aI was very high on both

Dt, cultivar of B.

nt resembles the high

two cultivars are a result

Liho, and Bronowski

and B" napus are favored

was importan

The surviv

ival on Rege

íval on Rege

iment. The

vars Turret,

campestris

hosts of M. confíeurata. Bailey (L976) who used excised leaves to

feed the larvae of M. configurata, reported only slight differences

between the survival on Span (8. campestris) and Zephyr (8" napus).

The result of the replicated test showed no significant difference

between the three replicates of Candle, whereas one of the Regent repli-

cates had significantly lower survival than the others. The lower sur-

vival cannot be explained. l,Iithin B. campes tris , the survival on

Candle was significantly higher (P 0.05) than on Torch and Summer

turnip. This could be related to the difference in insect stock used

in the two tests or to ttre natural difference between the three culti-

vars as a suitable food" Comparison of Regent and Brink (8. napus)

gave similar results.

2. Developmental Rate

Developmental rate is an important criterion in the evaluation of

the effect of food on insects (Stewart and Baker 1970; Obadofin L979).

In Èhe first experiment, the larval developmental rate on B. campe s tris

(Torch, Summer turnip, and Rapido III) diets ú,as faster than the develop-

mental rate on diets containing B. napus or B. oleracea. The developmental
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rate on most of B. oleracea (cauliflower and cabbage) was slower.

l.laldbauer (1964) reported that a slow developmental rate could be the

result of a low rate of feeding, nutritionally inadequacy of the food,

or a combination of the two.

The histogram (Figure 5) shows that the larval developmental rate

on the alfalfa diet is moderate. Larvae reared on some B. napus diets

had a faster developmental rate than larvae reared on the alfalfa diet,

but others rìrere slower. The duration of the pupal stage was almost the

same for larvae reared on all tested foods. This is ín agreement with the

results reported by Kapatsa (1979)" Thus, the food affected the develop-

menLal rate only during the feeding stages.

The developmental rate on all the B. campestris cultivars was almost

the same particularly in the range in days between the formation of the

first and the last pupa (Table 4). The first Pupae on these diets were

10 days earlier than on the other diets. There was a wide range between

the first and the last pupae on all the diets tested, l'Lg days. Such

differences between the individuals could be related Èo original diffe-

rences between embryos" Bucher and Bracken (1976) ascribe the difference

in mortality between the fírst instar larvae to the embryo difference

between the eggs" On all diets, the mean number of days to adult emer-

gence was less than the sum of the two means, the larval, and the pupal"

This indicates that most of the individuals that died duríng the PuPal

stage !ùere those which had a slower developmenËal rate during the larval

stage. In contrast, Kapatsa (1979) reported that survival was higher

among indivíduals with a slov,rer developmental rate"

In the second experiment, although the developmental rate !ùas not

measured precisely, the difference in the number of larvae remaining on
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the soil surface 5 days before the end of the experiment indicated that

the larvae reared on cabbage and cauliflower developed more slowly than

larvae on Torch, Summer turnip, and Brink. Thus, the second experiment

is in agreement with the first experiment in which larvae reared on B.

oleracea had slower developmental rates.

3 Other Criteria and General Di s clls s 10n

Many criteria were used to evaluate the effect of food on the bertha

armyworm. Pupal weight r^ras measured in the second experiment (Table B).

Larvae reared on cabbage plants had pupae significantly lighter (P <0.05)

than on other plants. The PuPae on Summer turnip and Brink were the

heaviest. Both of these plants were good food for lvl. configurata in the

first experiment. Heavy pupae is an indication of good food (Obadofin

IgTg). Thus, the å. campestris cultivars in this experiment (Torch and

Summer turnip) and the B. napus cultivar (Brink) were better food than

cabbage (Ë. oleracea). The pupal weight on both Candle and Regent l¡'as

significantly heavier (P <0.05) than any of the plants Ëested in the

second experíment including Torch, Summer turnip, and Brink. Thus, the

pupal weight is usually associated with the survival which was higher on

Candle and Regent. The cause of heavy PuPae on Candle and Regent could

be the same cause of high survival r,¿hich could be related to the difference

in the insect stocks or to the suitabiliÈy of these two cultivars. Ilow-

ever, the pupal weight on Regent was signíficantly heavier (P<0.05) than

olt .candle. Thus, Regent, B. napus, could be more suitable than candle,

!. campestris. In the first experiment, Tower, B. napus, was more suitable

food than Rapido III, B. campestris. I4ale puPae were lighter than females'

The difference was significanrly (P<0.05) higher, particularly among the

later tested cuLtivars, candLe and Regent. Kapatsa (1979) reported similar
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Although many criteria can be used to evaluate the effect of food on

phytophagous ínsects, survival, and developmental rate are the most impor-

tant ones (Beck L974; House 1963; Beck and Maxwell 1976). Survival and

developmental rate in M. configurata were found to be associated and there

v,ras a negative correlatíon between the tvro criteria, particularly in the

diets experiment (Figure 6). In the second exPerÍment, the correlation

!ùas not clear because survival lsas generally high on all the plants and

because the developmental rate was not measured precisely. High survival,

in general, was associated with a fast developmental raEe. Bailey (7976)

reared M. configurata on the excised leaves of many host plants and repor-

ted that more days were needed to complete the larval- stage on Ëhe plants

r¡hich show less survival. Vickerman (L978) found that the duration of

development of Oscinella frit (L.) was longer on barley which had low

survival and shorter on wheat and oats which had high survival. Slower

development on inferior food in association with higher morËality has been

reported by many workers (e.g. Greenblatt et al. 1978; Atwal 1955).

In the first experiment, higl-L mortality occurred on cabbage l¡ut w..en

the larvae !úere reared on the plant (in the second experiment) the mortality

was considerably less. David and Gardiner (1966) reported that some indi-

viduals of pieris brassícae L. refused to feed on a cabbage diet, but fed

vJhen transferred to fresh cabbage. Even in the second experiment l-arvae

reared on cabbage had a slow developmental rate and developed the lightest

pupae. Thus, cabbage in both experiments !Ùas an inferior food. It has

been reported that cabbage does not contain either of the two glucosides

(glucocapparin and glucotropaeolin) which are known to be the most effec-

tive feeding stimulants (David and Gardiner 1966). Other substances could

be involved in the inferiorÍty of cabbage and caulifLower as a food'
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Nielsen (1978) reported that glucosinolates lrere important in determining

the suitabiLity of cruciferous species as a host plant, but that some

other compounds could have acted as inhibitors. Feeny (I976) reported

that probably each insect adapted very well to a species "as an oPtimum

host". Other varieties or species from the same taxon will differ chemi-

cally and be less suitable than the optimum host.

B. campestris cultivars were better food for the bertha armyvtorm than

the B. oleracea cultivars that were tesËed. Daxenbichler et al. (I979)

found that the glucosinolate composition of 14 varieties of Chínese

cabbage (!. carnpestris spp. pekinensis) are different from Ëhose of

comrnon cabbage (8. oleracea var. capítata). Glucosinolates yielding five-

carbon aglucons (excluding the sinolate carbon) predominate in the Chinese

cabbage, whereas three- and four-carbon aglucons are the major ones from

white and red cabbage varieties, resPectively.

Turnip was reported to contain a substance (2-phenylethylisothio-

cyanate) having insecticidal properties (Liihtenstein et al. L962).

Since Summer turnip was a very good food for the bertha arm)¡ltorm' this

natural insecticide is ineffective or may even be used as feeding stimu-

lant.

Cruciferous plants vary considerably in the rates of larval survival

and growth they support (Obadofin 1979). Probably the effect ís related

to the effect of different glucosínolates between these different varie-

ties, Nielsen (1973) reported that insects are obviously able to dis-

tinguish between different glucosinolate-containing plant species (Feeny

er a1. L97O; Hicks and Tahvanainen L974; Nielsen 1977; Thorsteinson 1953).

obadofin (Lg7g) suggested a possible effect of Èhe quantity of gluco-

sinolaEes ín different cultivars of rape on their nutritíonal value to
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the red turnip beetle, Entomoscelís americana Brown. Feeny (L976)

reported that Èhe variation in glucosinolate contenË does not seem to

affect greatly the growÈh rate of adapted insects such as larvae of the

cabbage butterfly, Pieris rapae. Slansky (L979) suggested that gluco-

sinolates had a toxic effect when the polyphagous ye1low-striped army-

\¡iOf m, Spodoptera ornit 11i Guenee was fed broccolí and other

Cruciferous plants.

Lower survival in the diet experiment probably was related to toxic

substances that could be released from hydrolysis of the glucosinolates

in the leaves. The hydrolysis products of glucosinolates present in

rapeseed and mustard meals can cause thyroid enlargement in non-ruminant

animals (Joseffsson l9l2). The growth and survival of an insect may be

influenced by the rype and amount of fat in the diet (i'Iiggleswotth 1972l'

House Lg74). In Cruciferae it is not known if there is a relatíonship

between the fatty acíds in seeds and insect survival on the plants

(Obadofin LgTg). However, many plant substances can play a major role in

survival. It needs more investigation. One of the advantages of using

cellul ose diet, in this study, is that this diet can be used as a''básic

diet for future nutritional study. Specific plant substances could be

added to the cellulose diet to identify the plant substances which affect

feeding and insect survival.

Three techniques have been used to investigate lvf. configurata growth

and survival. Two of them, diets with plant leaves incorporated and

rearing the larvae on the living plants, have been tested ín this study'

In additÍon, Bailey (L976) and Kapatsa (L979) used excised leaves' Rear-

ing the larvae on the living plants in the greenhouse gave Ehe highest

survíval and this technique should give more accurate results for studies

if the study of the interaction between the ínsect and the plant in the
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field. The problem vrith thís method is the difficulty of determining

larval survíval by instar and their developmental raËe. The diet tech-

nique has an advantage in that the chemical components of the plant can

be tested. Using excised leaves could be less accurate because of the

changes that can occur in the moisture and in the enzyme hydrolyzatton

of compounds in the excísed leaves.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

The host plants tested varied in their suitability as a food for the

larvae of M. confi ata The impact of food clearly affected survival,

developmental rate, and pupal weight. The two techniques used for this

evaluation affected the results. Experiments in which plant leaves were

incorporaËed into synthetic diet indicated that the species of Brassica

had large effect on survival and development' å' campestr as cultivars and

B. hirta cultivars were the best food while B. oleracea cultivars were

unsuitable as food. B. napus cultivars were in an intermediate position;

some of the cultivars resembled B. campestris in their suiÈability while

others approached the inferiority of B. oleracea cultivars. This could be

expected because B. napus is a hybrid of B. campestris and B. oleracea.

The variation among cultivars of B. campestris and !' oleracea was generally

srnal1 excePt for broccoli (Þ. oleracea ) which lvas as good a food as the

B. campesËris cultivars. This could be related to the selection of

broccoli, resulting in a cultivar that approaches cultivars of E,' campestris

in its nutritional and/or chemical composition.

The results of the second experíment indicated that living leaves

provide better food than diets incorporating these leaves' The generally

high survival, in thís exPerimenÈ, reduced the effect between plant species

and cultivars. Nevertheless, there !üas a significant difference between

B. camDe stris as a good food and B ole racea partícu1arlY cabbage as a bad

food. This was not only shown by survival and developmental rate but



also by the weight of the pupae. In general, there was an association

between the three críteria, i.e. high survival, fast developmental rate,

and heavy pupal weight were a sign of suitable food. The general conclu-

sions of this study could be summarizeð:

(1) Survival to Ehe adult stage, larval developmental rate, and

pupal weight are good criteria for ídentifying good and bad larval foods.

Other crítería such as sex ratio, diapause puPae, and malformed adults

!ùere not significantly correlated with survival, development, or pupal

weight. High survival, fast larval developmental rate, and heavy PuPae

were the indications of suitable food. Larval food had no effect on the

pupal period.

(2) rn general, B. o1"í"".r cultivars, particularly cabbage and

cauliflower, vtere unsuitable food for M.

vary from bad Èo very good while all B.

cul tivars \¡rere very good foods.

confieurata. B. napus cultivars
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campe stris cultivars and B. hirta

(3) Rearing the larvae on dieÈs, containing the foliage of the host

plants, gives different results from those obtained by rearing the larvae

on living plants. In other words, a suitable host plant in the field can

give a high mortality when iÈs foliage is incorporated into a synthetic

diet. Insects reared on the living plant are exPosed to different micro-

environment (p1ant texture, tissue moisture, light intensity, and environ-

ment moisture) as well as different chemical composition. The chemical

composition of the leaves can be degraded to a different product' in the

diet, which may be toxic to the larvae. Any volatile substances which

could serve as stimuli had a great possibility to be missed in the diet

or changed. These differences were considered the reason for the general

high survival on the living plants, the high mortaLity on cabbage diet,
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and the mortalit.y of the young larvae on the living plants of Torch

cultivar.

(4) Rearing larvae on living plants is the best way to compare their

relative suitability as food but synt.hetic diets may be necessary to

evaluate the cause of these differences. For example, the addition of

specific chemicaL compounds to the basic cellulose diet could provide

information on their effect on insect survival and development.
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