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ABSTRACT

Growth, development and survival of the bertha

arm)¡t¡¡orm, Mamestra configurata Vüalker, larvae \^tere

investigated in the laboratory on l3 plant species

belonging to 6 plant families, and an artificial diet.

The plants tested had all been reported as hosts of M.

configurata. The plants tested for their suitability as

hosts were: two cultivars of Brassica napus L. (Zephyr

rape and American purple top rutabaga); g. campestris L.

(Summer turnip); B. juncea L. (Lethbridge 22A mustard);

B. oleracea L. (Pennstate ball head cabbage); Fagopyrum

tatqricum L. (Buckwheat); Beta vulgaris L. (EarIy wonder

sugar beet) i Amaranthus retroflexus L. (P.ed root pigweed);

Phaseolus vulgaris L. (Pencil pod black wax beans);

Melilotus officinalis L. (Sweet clover); Ir{edicago sativa

L. (altatta); Línum usitatissimum L. (rlax); and Tagetis

patula L. (Clitters marigold). The foliage was used when

5 to I0 weeks old. Four criteria ulere used in judging

the suitabitity of ttre plants: the percent survival to

adult emergence; the Iarval molting weights and pupal

weights (growth) r the length of the development period

from larval eclosion to adult emergencei and the food

utilization indices.

Highest survival, growth and development were

obtained among insects reared on the artificial diet. Rape

lr'ras the best foodplant for larva1 growth, development and

survival and rutabaga was almost, as good. The utilization
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indices were relatively high on both food plants.

On cabbage, sugar beet and marigold, larval growth,

development and survival \A/ere good up to the pupal

stage but emergience râlas lower. Food utilization (from 
,,. i

the regression coefficient) and ECI values !\7ere highest

on marigold but ttris plant also produced much lighter

pupae and smaller adults. The utilization and ECI values 
.,,,,,,

on cabbage were simílar to those on rape but on sugar :: :',

beet they brere lower. On sweet clover, alfalfa, turnip :: ...:':: .:.'
and pigiweed, larval growth and survival in the early

instars \Á¡ere just as good but sixth instar mortality was

higher and. none reached the adult stage. The rate of

development was variable, moderate on sweet clover and

atfalfa, and slow on turnip and pigweed. The utilization

and ECI values were much lower in the latter two food
:

plants. 
l

1

On buckwheat, beans, flax and mustard, larval growth,

development and survival were poor from the first instar , , ,,,.':
onwards. These plants appear to have been very unfavourable ,,,.t ,

for larval establishment probably due to fotiage physical :"'::::"'

characteristics or chemical factors (feeding deterrents

or toxins).
The results suggest that only rape (Zephyr) and 

'"."'rrutabaga (American purple top), both cultivars of B. napus,

were suitable for growth, development and survival of M.

configurata. The growth, clevelopment and survival on the

other food plants testedare too low for M. configurata to 
,',

increase its population level. These hosts are apparently



attacked by larvae when suítab1e host plants are absent

or in low supply.
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CHAPTER I

INTRODUCTTON

1. Distribution, life history and the economic importance

of the bertha armyworm, Mamestra configurata Wa1ker

(a) Distribution.

The bertha armln^lorm' Mamestra configurata has been

recorded from Mexico (Mexico City), north along the

Cordi11eratoBritishCo1umbiaandeastthroughtheprairie
provinces of Canada to North Dakota. The species has been

taken within the grassland areas, the margin of the

savanna and parklands.

(b) Life history of ItÎ. configurata

Adults emerge from overwintering pupae from June

through JuIy. Egg deposition begins after a faírIy short 
,

pre-oviposition period. The eggs are deposited in a

tightly-arranged honeycomb pattern on the lower sides of
l

leaves of food plants. A female may lay 100-400 eggs per 
:

plague (gucher and Bracken, Lg76). Hatching occurs in a

few days. There are six stadia and in the first few of

these, larvae are mainly solitary in habit and feed on

the underside of leaves. During this period, the cater- 
I

pillars are green and inconspicuous. In the last two larva1

instars,theappearanceandhabitsbecomemorevariab1e

Some larvae, while retaining the green colour, also develop

paired brown or black markings on each segment. Others 
,
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develop a yellowish, velvety black or mottled appearance

as they approach maturity. When feeding on rape, larvae

in the last two instars may feed actively on the pods.

Partial or complete consumption of pods may occur within

a few days. The larvae may hide under loose soil, fallen

foliage or debris during the day and feed at night.

When feeding is complete, larvae burrow into the

soil to a depth of about 15 cßr form an earthen cell, and,

after a short pre-pupal period, transform into pupae.

Diapause occurs in this stage. A few pupae may develop

without diapause and emerge as adults late in the faII.

However, because of wínter conditions in the prairie

provinces, these moths ðie soon after emergence.

They do not therefore constitute a second brood in any

true sense. In the prairie provinces, therefore' the

bertha armlnarorm is univoltine. Under laboratory

conditions, the moth can be reared without diapause if

kept at temperatures above 20oC with a 18:6 hr photo-

period (Bailey, L976) .

(c) Economic importance.

The first account of the economic importance of the

bertha armyworm was written by King (1928). This was

apparently initiated by reports of larval damage to sweet

clover, alfalfa and flax during the period between 1922-

1927.

The first confirmed record of bertha arm]¡\^7orm

damage was on flax in the Moose Jaw district of Saskat-
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chewan in 1922. There were sporadic reports of heavy

infestations until L927 when the outbreak affected

Alberta and extended to the Fernie district of British

Columbia. In ManitobarCriddle reported considerable

injury to sweet clover in ]-925 and L927 (see King, 1928).

By the latter year, the outbreak had extended into the

northwestern part of North Dakota where Munro (1930)

reported damage to flax.

The reports of the bertha armlnrirorm attacking rape

(Brassica spp. ) began about 1945 when prairie farmers

began to increase the rape acreage. Reports in the

Canadian Insect Pest Review (vols. 22-27 | 31-35) indicate

that numerous small outbreaks occurred in L944-L949 and

again in the mid 1950's. However, the main impact of

bertha army\^rorm damage to the rape crop occurred during

1970-L973 when the bertha armlrworm outbreak affected an

estimated I million acres of the 5.5 million acres of

rapeseed in the prairie provinces (McDona1d, 1972,

Philip, L973, Taylor, 1973). During the same period,

the bertha armyworm attacked and damaged truck crops in

British Columbia (ganham and Arrand, 1970), and sugar

beets in Washington (Tamaki et aI., 1972) . Ever since,

however, the bertha armyiátorm populations have remained

at or near zero in most areas (Dolinski' L974, Gage and

Taytor , L976, Pankiw, 1976, Philip, 1973, Putnam, L975,

Turnock , L97 4, L977) .

The bertha armlnarorm has also attacked a wide range

of wí1d flowers, garden flowers, garden and several
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truck crops, weeds and various wild mustards in addition

to field crops. These reports clearly indicate that the

bertha armyworm is polyphagous. However, the native

hosts of the species are not known.

2. The problem.

White the bertha armlrworm has been reported to

attack many plant species, the effects of these plants on

the growth, development and survival to the adult stage

of the species are largely unknown. Host plant relation-

ships may determine the survival, development and economic

importance of the insect.

Quantitative studies of the effects of host plants

on a number of species of Lepidoptera have been conducted

(Beckwith, L970, Hovanítzi and Chang, L962, Mukerji and

Guppy, L970, New, L97I, Scriber, L975, L977 , Soo Hoo and

Fraenkel , L966t Waldbauer and Fraenkel' 1961) . Horalever,

for the bertha armyworm, only Bailey (L976) has described

the effects of different host plants on the insect. He

showed that Brassica napus var. Zephyr, B. campestris

var. Span and Chenopodium album L. were good for the

ínsect's survival and that Solanum tuberosum L. was bad.

The objective of this study was to determine the

effects of several reported host plants on the growth,

development and survival of g. configurata. These

pararneters were evaluated by determining the relative

amounts of each food plant consumed and by establishing

the relationships between food consumption, growth,

development and survival. The role of these plants in
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the development and maintenance of outbreaks of M.

configurata was examined.
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CHAPTER II

LITER.A,TURE REVIET{

An attempt will be made to bring together the major

references to Insect-plant relationships, particularly of

the Lepidoptera. However, since only a few Lepidoptera

have been fu1Iy investigated in respect to their host

associations, the review will include several examples

from other orders.

1. Insect growth and development on host plants.

In many phytophagous ínsects, feeding has been shown

to be associated with specific chemical stimuli. A food-

plant is characterized not only by the presence of

specific chemical attractants or feeding stimulants

(phagostimulants) but also by the absence of secondary

plant substances which act as repellants (Dethier , 1954,

Fraenkel, 1969). The basic behavioral and physiological

processes mediated by these compounds are host finding

by adult females for feeding and oviposition and host

finding by immature stages for feeding, growth and develop-

ment.

An acceptable host plant musÈ provide the insect

with a physical environment and a nutritional substrate

that is adequate, non-toxic and utilizable from the

standpoint of digestion, assimilation and conversion into

insect tissues. Beck (L974) poinÈed out that even the

best host plants may be suboptimal in some of these



- t-

characteristics and mortality among young larvae tends

to be very high. The phenols, flavonoids, alkaloids

and various glycosides contained in plants are basically

deleterious and insects feeding on plants containing

these substances must be able to degrade them metabol- ,, 
,

ica1Iy. The ability to metabolize such plant components

constitutes an important aspect of the adaptation of an

insect species to a particular prant as a host (setr et 
,,,,,,,:,.,,

â1., L964, Krieger et â1., 1971). Since different plant : : : '

species or populations may dif f er either qualitatively ',",':;',;,,,'..' .:

or quantitatively in respect to these substances, an

insect that is metabolically adapted to one type of plant

may not be able to meet the metabolic demands posed by

another plant. Consequently, the insect will not be able

to survive on it.

Basically, there are four factors which govern

Ínsect/plant relationships; physical characteristics,

biochemical characteristics, dígestibility and converti-

bility, and nutritional factors. These factors when :- :::
:.''

working at the same time are not of equal importance but 1,,',1

rather, a hierarchy is created where one becomes

dominant (Legay, 1955). Since plants differ in these

basicfactors,mostinsectscanon1yfeedonafew
, ..,,,'. ,'.t. .'

se1ectedfoodp1antsonwhichdeveIopmentandsurvivaIare

optimal. The diet therefore plays an important role in

influencing insect/host plant relationships. The factors

essential to the adequacy of the diet are discussed below.
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(a) Physical characteristics

The role of physical characteristics has been studied

mainly in relation to host ptant resistance. Characteris-

tics such as pubescence, spacing of vascular bundles and

tissue silica content have been investigated. Nothing is

known of the effect,s of physical characteristics on the

growth and survival of U. configurata.

For aphids, a sticky substance díscharged from

glandular hairs on the leaves of several Solanum spp.

entraps the insects and prevents their establishment

(Gibson, 1971). Gilbert (f97I) also reported that small

caterpillars are entrapped and effectively prevented from

feeding by hook-like trichomes on the leaves of Passiflora

adenopoda. Young larvae of Prodenia eridania (C.) are

trapped and injured by fish-hook líke spines on Dorsternia

contrajerva (Soo Hoo and Fraenkel, 1966) . Physical

characteristícs may therefore either injure the ínsect

directly or prevent it from feeding.

(b) Biochemical characteristics

It is generally known that chemical sign stimulí play

an important role in the feeding behavior of many phyto-

phagous insects. Secondary plant substances guide the

insectrs choice of food and may be typical of the plant

which is the insectrs preferred or exclusive food. A non-

food plant is characterized not only by the absence of

specific chemical attractants or feeding stimulants



-9-

(phagostimulants) but also by the presence of other

secondary plant substances which act as repellents

(Dethier, L954, Fraenkel, 1969) . These compounds

together with nutrients account for Insect,/plant inter-

actions.

Among the plant families tested in this study,

Cruciferae are known to have an unusual method of sulfur

metabolism. One of the characteristics of this process

is the production of mustard oil glucosides (thiogluco-

sides) (riaer, 1960). The enzyme myrosinase catalyses the

hydrolysis of these glucosides; and usually accompanies

the thioglucosides in plant tissue. When tissues are

damaged, a number of compounds are formed, including

glucose, sulfuric acid and corresponding mustard oils,

most of which are isothiocyanates. Of more than 200

cruciferous species analysed, few have lacked a thioglu-

coside (Kjaer I L96O I L976, Ettlinger and Kjaer, 1968) .

The glucosinolates sinigrin, glucocapparin and gluco-

iberin have been shown to be feeding stimulants for the

imported cabbager+orms, Pieris rapae L. and P. brassicae

L. (David and Gardiner, 1966) . The compounds sinigrin,

sinalbin and glucocheirolin are feeding stimulanLs for

the diamond back moth Plutella maculipennis (Curtis)

(Thorsteinson, 1953).

Within the Leguminosae, alfalfa has been shown to

contain feedÍng stimulants for the alfalfa weevil, Hypera

postica (Gryllenhutl) (Yamamoto, 1963). Hsiao (1969)

reported that these compounds are adenine salts and
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nucleotides. The saponins in alfalfa have been indicated

as possible resistance factors not only to white grubs

(Horber, L965) but also to stored product insects in

Iegume seed (applebaum et aI., 1969) . Tannic acid in

alfalfa acts as a repellent for alfalfa weevil larvae

(Bennet, 1965). Beans (Phaseolus spp.) have been shown

to contain feeding stimulants, phaseolunatim and lautaus-

trin, for the mexican bean beetle, Epilachna varivestris

(Mulsant) (Klingenburg and Bucker, 1960). Sweet clover,

Me1ilotus officinalis L., and other clovers contain

coumarin, which acts as a feeding attractant for the

vegetable weevil, Listroderes costrirustris (Klug¡ at low

concentrations but as a deterrent in higher concentrations

(Matsumoto, L962).

Plants of the family Solanaceae contain alkaloids.

The host specificity of insects that feed on these plants

appears to be det,ermined largely by the insects' ability

to metabolize the alkaloids of the host species (Hegnauer,

L973, Kogan and Goeden, L970, Screiber, 1958, Self et al.,

L964, Yamamoto and Fraenkel, 1960). Solanum spp. also

contain steroidal compounds, some of which are highly

toxic to insects. In addition' some Solanum spp. contain

feeding repellents and deterrents to the Colorado potato

beetle, Leptinotarsa decemlineata (say) (Bongers' 1970) .

Mamestra configurata fed and developed on Solanum tuberosum

although survival was lower than on other food plants

(Bailey, L976). This insect (9. configurata) must have

some tolerance for some of these toxic steroids and

i:".ril i 
-'
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alkaloids.

Variability in concentrations of secondary substances

may influence the feeding activity and developmental success

of the insect. Colorado potato beetle larvae were observed

to feed more readily and to grow better when fed young

potato foliage than when given older tissuesi senescent

foliage of either potato or tomato tended to retard growth

(Bongers t 19'70, Cibula et al., L967). These effects may

be partly nutritional and partly the reflection of develop-

mental differences in tissue concentrations of deleterious

substances. In another case, Feeny (1968), showed that
larvae of the winter moth Operophterabrumata consumed oak

leaves early in the growing season, but not Iater,
apparently because of a high concentration of tannins in
older leaves. These results indicate that synchronization

is an important factor in insect-pIant relationships. Other

researchers have emphasized the importance of proper

synchronization between insect and host phenology for the

development of most phytophagous insects (Umbree, L965,

Eidt and Little, 1968).

(c) Food digestion and conversion

A feeding insect not only must ingest the tissues of

its host but also must be able to digest, assimilate and

convert these tissues into the energy and structural
substances required for insect development. Protease

inhibitors have been reported in legumes and grains (Borchers

et aI., L947, Voge1, 1968) and in solanaceous plants,
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tomato and potato (Green and Ryan, L972\ . However, insects

that normally feed on these plants appear to have evolved

mechanisms to overcome this barrier (Applebaum and Konijin'

L967, Applebaum, 1964) .

P1ant tissues have been shown to differ in the degree

to which they can be assimilated and converted into insect

tissues after digestion. For instance, the digestibitity

and convertibility of various plant species ÍÂ/ere investi-

gated for the southern armlz\,rorm, Prodenia eridania (Soo Hoo

and Fraenkel, 1966). The insect was studied on 18 different

plant species representing 13 plant families. The larvae

utilized 10 of the plants quite effectively, but the others

supported suboptimal larval growth. Poor utilization was

caused by low feeding rates, poor digestibility or inefficient

conversion. The dígest.ibitity (AD), (tg ingested - g fecesl/

g ingested) X 100, ranged from 76? to 36% in the poorest

host tested. The efficiency of conversion of digested food

to body tissue (EcD), (g gained/[g ingested - g feces] x I00),

ranged from 16 to 562 on Phqseelqq vulgaris, Taraxacum

officinale, Solanum tuberosum and Phytolaca americana, all

of which are good food. plants.

In general, the ECD is highest for the insecÈs best

food plants. On good food plants, fot example, the ECD is

63? for Bombyx mori on Morus alba (Hiratsuka, 1920)¡ 558'

522 and 642 for Protoparce sexta on tomator Taraxacum spp.

and Solunum dulcamaca respectively (waldbauer, L964) and 56%

for Celerio euphorbiae on Euphorbia cyparissias (New, L97L) -

In all these cases, the high ECDts are a result of highly
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nutritious food. These researchers have al-so suggested,

on the basis of consumption indexes, that several conditions

can make food less nutritious. Some plants with high

digest.ibitÍty are eaten in comparatively small amounts and

most of the digested material is used for maintenance and 
j

not for growth. when ingestion is high and the digestibiiity
Iow, utilization for growth is low unless the food plant is
exceptionally nutritious. For a comprehensive review of ::,::,
methods and data on the subject of digestion and conversion, '::::::

see Waldbauer (1968). :

,: i;;--.: :

(d) Nutritional requirements

By current usage, nutritíona1 requirements are defined

as being the set of chemicals obtained from the ingested

diet that are indispensable to the metabolic and developmental

processes of the organism. rt is generally accepted that the

nutrient level and nutrient balance of a food plant wiII i

determine its adequacy to an insect. House (IgGg) found that
for celerio euphorbiae L., the amount of food eaten was 

it.,:,,,, 
1

:inversely proportional to its nutrient balance. Altering 
.,,,,r,:,;,,,,

the nutrient balance resulted in lower food consumption and ;.::::

reduction in efficiency of conversion from 20% on a normal

balance to 9.52 on an imbalanced diet.
Plants vary in their content of nutrients. These vari- ' 'i,

ations are dependent on the plant part, developmental stage,

physiological condition and plant genqtype, and have been shown

to influence both the behavior and the development of plant
feeding insects. Auclair et aI., (1957) , Maltais and Auclair i.:+;:.::i



:!r''.4^,vi1::r:i::jjy-ii:il-r¡:i.!*:r:n!:4.::::J::a::.:,aii::.:::::I:J::a.:ra:A:,:ataJ:t!a:?:::t:+a-:rt:j:L:i1,ïi::rl:1-1ji:,:.il

- 14-

(L962) found resistance of varieties of peas to the pea

aphid, Acyrthosiphon pisum (Harris) to be correlated with

the relative concentrations of amino acids and glucose.

Atwal (f955) observed that the diamond back moth, Plutella

xylostella L. developed metabolic and morphological abnor-

malities when the nutrient proportions in the leaves were

changed. Other researchers (B1ais, 1-952, de Wilde et a1.,

L969) have reported differences in nutrient content of

plant structures of different ages and. their apparent effects

on insect growth, survival and reproduction. Some research-

ers have even suggested that dietary proportions of required

nutrients may be of greater importance than their absolute

quantities (House, L969, I970, L97L, Maltais and Auclair,

1962, McGinnis and Kasting, 196I).

The concentrations of some elements and minerals have

been shown to have direct or indirect effects on the feeding

behavior and survival of insects. Fukuda et aI. (1962)

showed that Bombyx mori ate more mulberry leaves with 3-I4Z

than with 2.672 nitrogen. Allen and Selman (1957), working

with Pieris brassicae, reported that deficiency of nitrogen

and iron in a food plant caused a reduction in the relative

growth rate of larvae and increased larval mortality.

Deficiency of nitrogen, phosphorus and potassium throughout

larval life caused a reduction in larval weight while a

shortage of iron delayed pupation.

Water, although not usually classified as a nutrient'

may be an important factor to plant-feeding insects. Lepid.-

opterous larvae, for example, generally maintain a body

water content of 85-922 (Ct. Bursell , L970, Evans , L939,



Rudolfs, 1926, !{igglesworth' 1965) and can easily be

desiêcated. The water content of leaves, particuJ-arly in

trees, may be substantially lower than that of insect

bodies (Likens and Borman, 1970, McHurgue and Roy, L932).

The possible effects of plant tissue water content $¡ere

considered by Waldbauer (1964), who attributed some of the

differences in the digestibility and conversion of host

plants of Manduca sexta to differences in their moísture

content. l4ellanby and French (1958) observed that larvae

of Diataraxia oleracea L. grew normally on turgid cabbage

leaves (85% moisture) but became seriously dehydrated if

fed wilted cabbage (753 moisture). Scriber (L977 ) found

that low leaf water affects larval growth of Hyalophora

cecropia by limiting the nitrogen assimilation efficiency

and nitrogen accumulation.

2. Effects of host plants on M. configurata.

The nutritional requirements of the bertha armlnoorm

are unknown. However, quantitative studies by Bailey (1976)

indicate that plants vary in the degree to which they support

the survival, growth and development of this insect. He

showed that survival to the pupal stage was 822 on rape

(grassica napus var. Zephyr) , 76eo on rape (e. campestris

var. Span) , 69Z on lambsquarters (Chenopodium album L. ) and

34q6 on potato (So1anum tuberosum L. ) . Except on potato'

the mortality occurred at pupation. On potato, 67+ of the

mortatity occurred early in the sixth instar, the remainder

occurring at the time of pupation. The larval developmental

time was significantly shorter on both varieties of rape
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than on either lambsquarters or potato. Significantly less

potato and lambsquarters foliage were consumed than the

rape varieties. However, utilization for growth was highest

on potato. The efficiency of conversion of ingested food

to body tissue (Ecr) , ( [9 gained/g ingested] x f00) was

lowest on lambsquarters (193) and highest on rape (Zephyr)

(232). The ECI j-s influenced by the digestibility of the

food, its nutritional value and the level of nutrient intake

(Waldbauer, L964). The coefficient of digestibility (ECD)

ranged from 40? on lambsquarters to 492 on rape (zephyr).

The highECI and ECD on rape indicate that rape is highly

nutritÍous. Bailey noted, however, that the mean digesti-

bitity (aO¡, ECI and ECD were similar for all food plants.

potato, a poor host was digested and utilized for tissue

growth at the same rate as better host plants although the

consumption of potato vfas lower. Poor survival of the bertha

arm!¡worm on potato may have been due to lower ingestion or

to a nutritional deficiency in the plant.
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CHAPTER TII

MATERIALS AND METHODS

l. Insects, plants and. artificial diet.

(a) Insect cultures

Eggs of M. configuraÈa were obtained from the laboratory

culture of the bertha armyworm which is maintained at the

Agriculture Canada Research Station, Winnipegr or an arti-

ficial diet (Bucher and Bracken, L976). When possible the

larvae used in each experiment came from egg plaques contain-

ing more than 100 eggs of which at least 90% were embryonated.

This reduced variability among test larvae, which could have

occurred if larvae from dÍfferent parents had been selected.

Occasionally t egg masses from dífferent parents belonging

to the same parental generation had to be used.

Newly laÍd eggs were incubated in plastic cups at 25"C

with 16:8 hr photoperiod and 709ø R.H. They were assessed

for fertility after 24 hours and the undesirable plaques were

discarded. Infertile eggs fail to develop a pattern of

brown spots around the micropile and near the equator after

24 hours (Bucher and Bracken, 1976).

(b) P1ant cultures

The plants used in the food tests are given in TABLE I.

The plants were gro\^tn from seed in flats (38 x 10 x 40 cm)

or individually in pots Q0 x L2 cm) in a greenhouse

maintained at 25-27oC with 508 R.H. and 16:B hr photoperiod.

Garden soil, a mixture of soil, sand and peat, was used in

all cases. Soon after germination, the plants were given a
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fertilizex, mainly Nitrogen, Phosphoric. acid and soluble

Potash in the ratio I8:6:9. The fertilizer also contained

macro-elements Sulphur (10å), Calcium (3å) and actual

iron (0.1å). The plants were watered d.aily, usually in
the evening.

In aII cases, except one, the leaves of plants were

used when the plants were between 5-9 weeks old. (See

section 3 (b) ) . Only leaves with the appearance of vigour

I^/ere USed.

(c) Artificial diet.

The semi-defined artificial diet developed by Bucher

and Braeken (L976) was used as a control in some experi-
ments. Bailey (1976) showed that the survivar of the bertha

arm)4.rorm was higher on the diet than on rape leaves.

2. Preparation of food plants.

The plants were collected from the greenhouse each

morning the insects had to be fed. Individual leaves

were prucked from the middre third of prants with simple

leaves, carefully avoiding senescent and immature leaves.

Whole plants of species with compound l_eaves (sweet clover,
alfalfa, flax and marigold) \trere cut off at soil level. The

Ieaves and plants were put in plastic bags immediately

after being cut. These were then refrigerated at 2-5oc to
avoid wiJ-ting. The p]-ants were refrigerated for a short
period until they were used to feed the insect larvae.

Materiar for feeding larvae and for determination of
the dry weight of l-eaves v/as prepared as follows. Leaf
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sections, about 2.5 x 2.5 cmr were cut from either side

of the midrib for species with simple leaves. Each sample

consisted of only one section. For species with compound

leaves, each sample consisted of the 4 basal leaflets. OnIy

leaves in the middle third of the stems were selected.

The wet weight of each sample was obtained immediately.

Each determination of percentage dry weight was based

on 50 samples of leaf sections or groups of leaflets. The

samples were oven dried at 70oC to a constant weight (after

24 h). Dry weights were then determined and expressed as a

fraction of the wet weight. The mean dry weight for each

plant species is given in Table 2.

In feeding experiments, the size of leaf sections or

number of leaflets vtere increased as larval food consumption

increased in the successive stages. In the last 2 stages of

the 6 stadia, whole (simple) leaves, . excl-uding midribs,

\^¡ere fed to larvae. For plants with compound leaves, the

number of leaflets provided was increased from 4 leaflets

in the first instar to 10-14 leaflets in the last 2 larval

instars.

3. Rearing Techniques

(a) Methods and measurements

A single batch of eggs did not provide enough larvae

for most experiments, so eggs from 2-3 different females

belonging to the same generation \"¡ere used. The possible

effects of using eggs from different parents were minimized
.j
tii
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TABLE 2. Proportion dry matter (X *
plant species tested as food for M.

mean proportion dry matter is based

leaf tissue. *

SD) of leaves of

configurata. The

on 50 samples of

Plant Dry matter

Sugar beet

Mustard

Rape (Exp. 1)

Rape (Exp.2)

Rutabaga

Cabbage

Buckwheat

Marigold

Beans

Sweet clover

Flax

Turnip

Alfalfa

Pigweed

0.0840

0.0944

0.L027

0.1137

0.L247

0.1289

0.1489

0.L632

0.1883

0.1888

0.2L96

0.2244

0.2463

0.2623

+ 0.0116

r 0.0112

r 0.0093

È 0.0125

r 0.0156

r 0.0723

t 0.0093

t 0.0198

r 0.0252

t 0.0097

+ 0.1229

t 0.0578

* 0.0165

+ 0.0510

* The leaves of plants were taken 36 days after
the cotyledonous stage except those from Rape

(Exp. 2) and Turnip which were taken 43 days

after that stage.
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by mixing newly-hatched larvae from several egg batches

in a single container, and then selecting larvae for the

different treatments.

The cardboard caps of the plastic cups (4.0 x 3.5 cm)

v¡ere untreated with wax or glaze and permitted water vapour

and gas interchange with the atmosphere. Both the cups and

caps are supplied commercially.

The initial weight of larvae was estimated by

weighing groups of 10 newly hatched larvae. Using a

sterilized paint brush (Number 0, I or 2) , larvae \^rere

randomly picked from the "hatching" cup and placed into a

pre-weighed plastic cup. Five groups of 10 larvae in each

were weighed on a Sartorius electronic balance. The average

weight was obtained by adding up the individual weights of

each group and dividing by the total number of larvae for

alf the groups.

Thírty larvae were reared individually on each diet

or food pIant. The cups were labelIed and put into a

dessicaÈor (9 1)or plastic container (5.4 1¡. Wilting of

excised leaves was minimized by filling the containers wíth

distilled water to a depth of about 3 cm. A perforated

porcelain disc was placed about 10 cm above the water leve1

in each container and plastic cups containing test larvae

were placed upside down over the surface of the disc. Thin

perforated. plastic discs \^rere placed beneath each layer of

plastic cups.

The dessicators or plastic containers $¡ere placed in

an incubator aL 25 * 0.1oc and 70 r 5eo RH with a 16:8 hr
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photoperiod. The incubator has 4 vertical, 4 flu, 40r..nl

fluorescent lamps delivering about 200 ft c at the centre.

The artificial diet and plant foliage \^¡ere changed

daily. The fresh weíght of the plant foliage provided to

larvae and the fresh weight of larvae at the beginning of
each feeding period \â¡ere recorded. The artificial diet was

not weighed. After each diet change, the leaf portions

remaining from the previous feeding period were individually
oven dried at 70oC for 24 hrs and then weighed.

The pre-pupae vrere placed in fresh cups containing

vermiculite and transferred to an incubator maintained at
20oC with 702 RH and 16:8 hr photoperiod. This is a

standard rearing procedure since pre-pupae and pupae exposed

to 25oC produce adults with severely rerluced levels of
copulation and spermatophore t-ransfer (Bucher and Bracken,

Le76) .

The pupae were sexed under low magnification. A daily
record of emerging adults was kept for insects on each diet.

Devel-opmental rate was measured by noting the number

of days it took for each larva to complete each Iarval stage.

The total developmentar time incruded the period between

hatching and emerging into adults

Growth was measured by weight of the larvae imme<liate1y

after molting, and survival by keeping daily mortality
records. Plortality was also carculated on an instar basis.

Food consumption was estimated in dry weights. The

dry weight equivalents of the leaf tissue provided at the

beginning of each feeding period was calculated by multi-
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plying the fresh weight of the tissue by the percentage

dry matter for each species. The dry weight equivalent

of food consumed was then obtained by subtracting the dry

weight of the unconsumed food from the dry weight equivalent
of the food at the beginning of the feeding period.

In addition to the experimental group, a sma1l number

of larvae vrere reared on the artificial diet. Although

not weighed daily, the molting periods were recorded.

Second instar larvae from these rearings \^rere tested on

flax and third instar larvae on buckwheat when insects on

these food plants Lrad all died.

Individual experiments

Each experiment incruded only a few of the host prants

investigated (table 3). The control was the artificial
diet in Experiments I, 3 and 4 and rape (Brassica napus

var. Zephyr) in Experiment 2.

The statistical analysis of data was done on the

SR52 progranmable (Texas Instruments) and the Hewlett

Packard 100. The analyses incruded one way anarysis of
Variance (Anova) (Snedecor and Cochran, Lg67) , t. test,
Duncanrs murtiple range test and regression coefficients.

(b)



TÀ3LE 3. Food tested and nethods used in the four experiments on the effects of various
plants on the growth, development and survÍvaL of t{. configurata.

Exp. No. Fooil tested Results

(i) Àrtificial diet (Control)
1 (ii) Brassica lgpgg var. Zephyr
I-

(iii) 9. juncea vai. Lethbridge 22A
(ív) tinr.¡m usitatíssimum L.

30 larvae on each food.
4 newly ¡nolteil second instar
larvae were transferred from Èhe

artificial diet to flax (iv) when

all the larvae on this plant had
díed.

(i) B. napus var. Zephyr (control) 30 larvae on each food.
(Íi) B. campestris L. (white turnip) Plants 5 to 10 weeks o1d.

(i) Àrtificial diet (Control) 40 larvae on each food.
(Íi) Fagopyrur tataricum L. 9 third instar larvae were

transferrecl from the artificial
¿liet to buckwheat (ii) when all
the larvae hail died on the foliage

(i) Àrtificial díet (Contro1) The 30 larvae tested on each
(ii) B. napus var. American purple top fooil plant sere initially reared

(iií) Þ. o*lerg_çgg. var. pennstate balL head in groups of 5 per cup.
(iv) Àmeranthus retroflexus L. Larvae were separated as they
(v) Beta vuLgasis var. Early wonder molte¿l so that by the third

(vi) Tagetis patula var. Glitters instar, all of the larvae wereâ.-- (vii) Medicago sativa L. reared indÍvidually. Diets
(viii) 

"Ifiîoao= 
officinalis L. were changed daily up ro rhe

(ix) Phaseolus wuLgaris var. Pencilpod third instar and every 30 hours
black wax. thereafter.
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CHAPTER IV

RESULTS

Larval survival, food consumption, growth and the

duration of development will be discussed índividually

for each experiment.

1. Experiment No. 1.

(a) Survival

Figure 1 is a graphical representation of percent

larval survival agaÍnst age in days. Mortality throughout

Iarval development was lowest among larvae fed artificial

diet (control). During the first four days, larvae on

this diet incurred 17å mortality. Then, between days 6

and 22 (instars 2-6), mortal-ity was only 5å. Larvae dying

during the first 4 days either failed to feed or fed but

failed to molt into the second instar.

TABLE 4 shows mortality on an instar basis. In the

control group, the first instar incurred 23? mortality. The

remaining mortal-ity (53) was observed in the fifth instar

and in the pupal stage. Survival to the adult stage was

702 in the control group.

On the food plants, early instar mortality was highest

among larvae fed flax and mustard foliage, reaching 100%

and 833 respectively on the fourth day of feeding. On rape,

mortality in the first 4 days was 28eo, only slightly higher

than in the control group.

On an ínstar basis (TABLE 4), mortality in the first
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Figure 1. Percent survival of larvae of M. configurata

with age in days on the artificía1 diet,

Rape, Mustard and FIax. The survival curve

of larvae on flax from day 4 is based on

second-instar larvae transferred from the

artificial diet to flax.

l:: :. :.:-.
¡. '.r:,¡;;''¡'

:::-:::::
) r. : :.
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TÀBLE 4. Percent mortality of E. configurata basecl on the number of larvae surviving
at the beginning of each stage on the various foods. the Èocal mortality is
basedl on the initial nunber of larvae (N) at the beginning of each test.

STÀGE

VI PUPÀE

Exp. I

ÀrÈificial diet
(control)

Rape

Mustard

FLax

Ffax

7.I 57

- I00

- I00

100 100

4.630 23.3

33. 3

86.7

94. r

0

10.0

0

100

75

0

0

25.0

4.4

0

66.7

0

22.2

100

30

30

30

4

0

0

000

Exp. 2.

Rape (control)

Turnip

30

30

23.3

40.0

13.0

5.5

5.0

5.9

0

29.O

0

4r.7

60

r00

36.8 0

85.7 100

Exp. 3.

Àrtificial diet
Buck\rheat

40

40

15. I

97 .5

9.9

100

29.6 61.3 62

r00

Exp.4.*

Rutabaga

Cabbage

Marigold

Pi9Ìreed

Sugar beet

Àlfalfa

S\reet clover

Beans

30

30

30

30

30

30

30

30

3.9

0

0

0

9.3

0

0

86.4

8.3

0

3.6

7.I

0

13.8

10. 3

13.3

6.7

6.7

3.3

20.0

3.3

3.3

26.7

9.r
3.6

7.4

0

13.6

:r.o
65.4

30,0

55.5

64.0

65.4

68.4

100

100

4.0

0

0

3.5

0

0

0

100

35.7 70

9L.7 96.7

44.4 83.3

I00 100

66.7 93.3

_ I00

- I00

- I00

tControl not included
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instar was 942 on f1ax, 86.72 on mustard and 33? on rape.

Mortality between the second and fifth instars was low on

rape and mustard. On flax no larvae survived past the

second instar. Only one of the 4 larvae which were trans-

ferred from the artificial diet to flax in the second

instar pupated and it died before emerging. In Figure 1,

the graph of survival of l-arvae transferred to flax in the

second instar is joined to that of larvae feeding on the

artificial diet. The one pupa on flax represents 2LZ of

the test larvae in this group when treated as a subsample

of the siblings on the artificial diet. As an independent

sample, it represents 25e. pupation. Mortality in the fifth
and sixth instar ranged from 222 on rape to 1008 on mustard.

The survival curves on rape and artificial diet are similar
except that mortality of larvae on rape was higher on days

4 to 6 and after day 28.

Sixth instar mortalíty took three forms. In the first
type, larvae failed to evacuate the gut contents. The feces

became \^ratery, the larvae eventually becoming soft and

finally collapsing. Vtylie and Bucher (L977) reported that

this is caused by gut bacteria penetrating the body cavity.
The second type consisted of larvae which had successfully

evacuated their guts but failed to pupate. Such larvae either
dried up or darkened without chitinization of the cuticle.
This was common among larvae fed plant foliage. The third
type consisted of failure to completely cast off the larva1

skin. This condition took a greater toIl on foliage fed

larvae than on artificial diet fed larvae.

Survival to the pupal stage ranged from zero on mustard



- 31-

to 462 on rape. While survival to the pupal stage on

food plants was better on rape than on flax or mustard.,

it was considerably lower than on the artificial diet
(rig. 1). Bailey (I976) also reported higher larvaI

survival of the bertha armlnvorm on the artificial diet
than on rape foliage.

Pupal mortality was mainly of two types, both prev-

iously described by Bucher and Bracken (1976). In the

first type, called "syndrome", pupae showed a slight
widening of the ventral surface of abdominal segment 4,

often accompanied by abnormal thinness of the cuticle near

the wing pads. When severe, the affected pupae shrivelled
and dried within 7 days. Pupae with a mild form of syn-

drome formed normal adults. Syndrome \^ras responsible for
over 50? of the pupal mortality from artificial diet but

only about 10% from plant foliage.
Morphological malformation, incomplete closure of the

sutures between appendages, r^ras the second cause of mortal-

ity among pupae. This was the largest single cause of
mortality among the pupae from plant folíage.

In addition, a few pupae, although originally normal

in appearance, shrank and died a few days following pupation.

These pupae hrere generally smaller than others.

Overall survival to the adult stage was 702 on the

artificial diet, 432 on rape and zero on mustard and flax.

(b) Larval food consumption

The amount of food (mean dry weight) consumed in each

instar per larva varied considerably on the different foods
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(TABLE 5) .

ranged from

rape, the amount of food consumed per larva

mg in the first instar to 3141 mg in the

sixth instar. The latter instar accounted for 752 of the

total food consumption (4190 mg) on this food plant. The

final instar has been reported to consume more that 80%

of the total food consumption (Bailey t L976, Bailey and

Singh, L977) . Females consumed more than males in most

instars but the difference between sexes in mean total

food consumption was not statistically signif icant (Þ0.2)

Larvae feeding on flax and mustard consumed more

foliage than did those on rape. In comparison to rape,

first instar larvae consumed about 3x more mustard foliage.

However, larvae fed mustard foliage showed greater

variability in food consumption than those on rape. On

flax, the first instar consumed about 17x more flax

foliage than those fed rape foliage. On f1ax, the mean

first-instar food consumption is based on the two larvae

which successfully completed the first stage. None of

these larvae developed beyond this stage. The remaining

data on food consumption on flaxare for the single l-arvae

which pupated from the group Èransferred from the artific-

iaI diet.

In the second and third instars, mustard and flax

were consumed in greater quantities than rape foliage and

variability within instars remained higher on mustard. In

the fourth and subsequent instars, mustard was consumed

at a lower rate than either rape or flax while flax was

consumed at significantly greater rates than the other two

On

13
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food plants. The final instar (sixth) on mustard and flax
accounted for 689 and 55å of the total food consumption

(2944 mg and 9736 mg) respectively. In each case, only

one larva survived to the sixth instar. On flax, the

larva pupated but died before emergence. On mustard, the

sixth instar larva successfully evacuated the gut but

dried up without forming a pupa. There was no correlation
between food consumption and survival.

(c) Larval and pupal weights

TABLE 6 shows the mean fresh weights of larvae after
each molt and of day-old pupae. The mean fresh weight

after hatching was estimated to be 0.8 mg for all samples.

In the early instars, differences in molting weight

were not very great. On the artificial diet (control) and

rape foliage, the moltíng weíghts were similar throughout

most of the development period. However, individual
variations within diets remained high. In the fifth instar,
rape-fed larvae were 38 mg heavier than those on artificial
diet. In the sixth instar, the artificial diet reared

larvae were about 25 mg heavier at molting than those on

rape. The mean molting weights of male larvae on the

artificial diet were lower than that of females in all
stages. On rape, females were lighter than males during

the first 3 instars, but females hTere heavier than males

in the later instars and in the pupal stage.

Pupae from the artificial diet reared insects r,rrere

slightly heavier (3276 mgl than those from rape foliage
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(3065 mg). The difference was not statistically signifi-

cant (P>0.1). The mean weights of female pupae were

significantly heavier than males on the artificial diet

(P<0.01) and on rape (P¿0.05) .

on mustard and f1ax, the mo1-ting weights were different

from those of insects reared on rape foliage and the

artificial diet. The molting weights on mustard were

lower and those on flax higher. However, those differences

hrere Iow until the fifth instar when the weights ranged from

365 mg on mustard to 872 mg on f1ax. In the sixth instar'

the weights ranged from 1267 mg for the larva fed mustard

foliage to 2640 mg for the larva fed flax foliage. However,

the ratio of lightest to heaviest larvae was about the same

for all instars. The comparatively low molting weight in

the final instar on mustard foliage may have been a result

of low food intake during instars four to six (see TABLE 5).

The greater molting weight of the larva fed flax foliage

could have been a result of the prolonged development

period leading to greater food consumption. However, the

weight of the single pupa from flax fed larva, 2248 mg'

\^7aS considerably lower than the mean pupal weights from

both rape foliage and the artificial diet.

(d) Larval and pupal development

TABLE I shows the mean number of days spent in each

of the larval instars and in the pupal stage. Larval

development was fastest among larvae fed artificial diet.

The first instars were of slightly longer duration than
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the second to fifth instars. The sixth instar required

about 43? of the total developmental period. The total
larva1 developmental time, on the artificial diet, averaged

25 days. Pupal development also required 25 days, adding

up to 50 days to emergence to the adult stage.

On rape, larval development was similar but slower

than on the artificial diet. This difference in develop-

ment time occurred during the first three instars. The

mean larval development time on rape was 26 days, signifi-
cantly longer than that on the artificial diet (p¿0.0I).

Between the sexes, females developed slightly faster (26.6

days) than males (25.4 days) on the artificial diet whereas

on rape males developed slight.ly faster (26.L days) than

females (27.4 days). These differences \trere not signifi-
cant. The non significance may be due to the small sample

size.

The mean pupal development time was 25 days for
insects reared on both artificial diet and rape. Variability
in development time was slightly greater for insects reared

on rape. The mean total development time did not differ
significantly between insects reared on rape and the

artificial diet (P>0.1). The differences between sexes on

either diet were not significant.
On mustard and f1ax, larval development was signifi-

cantly slower than on rape or artificial diet. Throughout

the successive stages, larvae on mustard and flax took longer

to develop, with the lone survivor on each diet requiring
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40 and 42 days to complete larval development. These

periods are considerably longer than the 25 days on

artificial diet or rape. On all diets, development was

most rapid between the third and fifth instars.



2. Experíment No. 2.

(a) Survival

Figure 2 shows percent larval survival with age in
days. Larval survival was highest among larvae fed rape

folíage (control). On this food p1ant, larvae incurred

over I4B mortality during the first four days of feeding.

This was considerably less than the 28"6 observed on the

same food plant in the first experiment. Mortality
occurred at a fairly constant rate throughout the Iarval
development period. At the end of the feeding period,

larva1 survival (453) did not differ sígnificantly from

that in the first experiment (46%) where no mortality
occurred between days 9 and 28.

The percent mortalíty of larvae during the first
instar was lower on rape in the second experiment (23s")

than on the same food plant in the first experiment (333)

(TABLE 4). However, the percent mortality in the second,

third and sixth instars was greater in the second experi-

ment than in the first. Of the larvae that reached the

sixth instar, 36.8? died, representing about 408 of the

total mortality on this food plant. Forty percent survived

to both the pupal and adult stage. No pupal mortality \,ras

observed on rape in this experiment, the first experiment

incurred 7Z pupal mortality. Survival to the adult stage

was slightly lower (408) in this experiment than in the

first (43å).

On turnip, 342 of the larvae had died by the fourth
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Figure 2. Percent survival of la.rvae 9f M. configurata

with age in days on Rape and Turnip.
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day compared to only LAZ on rape (fig. 2). During the

next 20 days, survival declined linearly, then remained

at 468 between days 25-32. Survival then declined sharply

to 232 on day 36 and more slowly to 3% on day 56. These

larvae fed for a considerably longer period on turnip

than did those on rape.

The percent mortality of larvae, based on numbers

surviving at the beginning of each instar, was greater

on turnip than on rape for aII instars except the second

(TABLE 4). In the first instar alone, larvae on turnip

incurred 403 mortality compared to 23e" on rape. As in

the first experiment, most of the larvae that died in this

stage did not feed. A smaller proportion fed little,

remaining in the first instar long after their siblings

had molted, but died before molting. Mortality was lower

than on rape in the second instar but increased through

instars 4-6. Eighty six percent of those that reached

the final instar died without reaching the pre-pupal stage.

On turnip, only one larva (3?) successfully pupated.

The pupa (female) was normal in appearance but died before

emerging. On rape, a1l the larvae that survived the sixth

instar successfully pupated and emerged.

Larval Food Consumption

Food consumption (mg dry weight) per larva on rape

ranged from 40 mg in the first instar to 2617 mg in the

sixth instar (TABLE 5). The latter instar accounted for

about 722 of the total (3646 mg) food consumption. First

(b)
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instar larvae consumed about 3x more rape in this experiment

than in the first. However, the total food consumption

in this experiment was stightly but not significantly 1ess

(P>0.1). l{ales tended to consume more than females in
all except the final instar, when females consumed consid-

erably more (2898 mg) than males (2276 mg). However,

individual variations in food consumption were high in both

sexes so the slightly higher total food consumption of the

females was not significantly different from that of the

males (P¡0.5).

The larvae on turnip consumed consistently more

foliage in all stages than those on rape. The total
consumption differed significantly (p¿0.001). The final
instar consumed 553 of the total food consumption. variabil-
ity in food consumption within instars was higher on turnip
than on rape.

(c) Larval and pupal weights

On rape, the mean molting weights ranged from 6.7 mg

to 1890 mg (reeln 6). The molting weights were similar to
those of larvae fed rape in the first experiment. During

the larvaI instars, neither male nor female molting weights

were constantly higher. Female pupae were slightly but

not significantly heavier than males (p)0.5). The pupal

weights in this experiment were significantly lower than

those on rape in the first experiment (pZ.O.00t).

On turnip, the molting weights of the first. four
instars were similar to those of larvae fed rape foliage
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(TABLE 6). The last two instars on turnip were much

lighter than those on rape. For instance, larval weight

gain in the fifth instar was significantly greater on

rape (1185 mg) than on turnip (861 mg) (p¿0.01).

Only one larva pupated on turnip, with an initial
weight of 1600 mg, which was very low compared to mean

pupal weights for larvae fed rape foliage (2183 mg).

(d) Larval and pupal development

On rape (control) Iarval development was rapid.

S1ightly longer periods were needed to complete the first,
second and sixth instars than the other instars (TABLE B).

The mean larval development time (26.4 days) was slightly
longer than the rnean pupal development time (25.3 days).

The larva1 development time v¡as very similar to that of
larvae on rape in the first experiment. However, in
contrast to the first experiment, females developed stightly
faster than males. The total development time was 5I.8

days; in the first experiment it was 51.9 days.

On turnip, larval development was significantly slower

than on rape. For instance, the mean development time to
the fifth instar* was significantly longer on turnip
(28.6 È 6.7 days) than on rape (16.5 * 1.3 days) (p(0.001).

On turnip there was not any significant difference between

instars in the developmental time. The single pupa on

*The test could only be carried out for 5th
owing to smaller numbers reaching the 6th
on turnip.'

instars
instar
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turnip died without emerging into adult.

"F
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Experiment No. 3.

Survival

Figure 3 shows percent survival of larvae with age

in days on the artificial diet (control) and on buckwheat

foliage. Survival throughout larval development was best

among larvae fed artificial diet. On the artificial diet,
the survival curve declined steadily to '72e. on day L4.

There was 7å mortality between days L4 and 16, then little
mortality till pupation on day 20.

on an instar basis (TABLE 4) , larvae in the first and

second instars incurred 26z- mortality. There was no

mortality between the third and fifth instars, but 29.62

of the larvae which entered the sixth instar died before

reaching the pupal stage. In all, 642 of the larvae

entered the pupal stage. However, 6LZ of the pupae died,

2LZ of which had syndrome. Survival to emergence was 39.'72,

which was slightly lower than that observed on rape in
both the first (432) and the second (404) experiments.

The survival curves of larvae fed artificial diet in
the first experiment and the present one appear to be

different. In the first experiment, larvaI mortality was

concentrated between days L-2, 5-6 and 22-24 (fig. 1).

In the present experiment, larva1 mortality was more evenly

spread out than in the former. However, on an instar basis,

the difference r,.ras not great. Mortality during the first
two instars differed by less than 33. The real difference
appears in the sixth Ínstar and the pupal stage when

3.

(a)
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Figure 3. Percent survival of larvae of M. configurata

with age in days on the artificial diet and

Buckwheat. The survival curve of larvae of
Buckwheat from day 9 is based on third-instar
Iarvae transferred from the artificial diet
to Buckwheat.
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mortarity was higher in the present experiment than in
the first. Survival to the adult stage was much lower

in the present experiment (38å) than in the first (708).

On buckwheat, larval survival was very poor compared

to those in the control group. On the second day, larval
survival had decreased to 622 on buckwheat compared to
892 on the artificial diet. Most of the larvae had fed

briefly on the buckwheat foliage but only a few continued

to feed. on the ninth day, mortality on buckwheat reached

1003 compared to only 26eo on the artificial diet. On

buckwheat, 972 of the mortality occurred in the first
instar (TABLE 4). The remainder died in the second instar.

Among larvae transferred in the thírd instar from the

artificial diet to buckwheat, 672 died within 4 days. The

remainder molted to the fourth stage but died soon after.

(b) Larval food consumption

The larvae which survived to the second instar on

buckwheat consumed a mean dry weight of 95 mg in the first
instar. The second group of larvae, transferred from the

artificial diet at the beginning of the third instar,
consumed a mean of 123 mg before molting to the fourth
stage.

(c) Larval and pupal weights

On the artificial diet, the molting weights ranged

from 6.6 m9 in the first instar to 1895 mg. in the sixth
instar. Individual variation within instars was great.
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In the pupal stage, females weighed signíficantly more

(3907 mg) than males (3227 mg) (P<0.01).

Tn the fírst experiment, insects reared on the arti-
ficial diet were slightly heavier at molting during the

first three instars than those in the present experiment.

For the remainder of the growing period, insects in the

present experiment were heavier. The difference in pupal

weights was statistically significant (P<0.01) On buck-

wheat, the few larvae that reached instar 2 had a mean

molting weight of 7.5 mg. These fed littIe and died before

reaching the third instar.

(d) Larval and pupal development

On the artificial diet, larvae required mean develop-

ment times of 20.5 and 19.6 days to complete the larval
and pupal stages respectively. Females developed slightly
but not significantly faster than ma1es. These mean

development times are significantly shorter than those

observed on the same diet in the first experiment (P¿.0.00I).

The reason .is that in the present experiment, both the larval
and pupal stages were reared at 25oC whereas in the first
experiment, the pre-pupaI and pupal stages were reared at
20oC (See Methods). The rate of development of M. config-
urata has been shown to increase with temperature (Bailey,

L976).

On buckwheat, first instar larvae took longer (7.7

days) to develop than their counterparts on the artificial
diet (3.2 days). Furthermore, none developed beyond the

second instar. The second group of larvae on buckwheat
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required a mean of 4 days to complete the third instar.
These larvae did not progress beyond the fourth instar.
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4. Experiment No. 4.

The results of the control group, insects fed artificial
diet, were not incruded in this experiment because the diet
was too liquid and rnore than 80% of the larvae died in
the first instar. Larval drowning occurs when there has been

an error in the fabrication of the artificial diet (Bucher

and Bracken, L976). However, the low leve1 of mortality in
the first instar that was observed among larvae fed plant
foliage (TABLE 4) indicates that these larvae were as

vigorous as those used in previous experiments. consequently,

rutabaga was selected to serve as a moder since survival to
the adult stage was highest on this food plant.

(a) survival

Figures 4 and 5 show the percent survival with age of
larvae on various test plants. On rutabaga, survival was

902 on day 2 and then declined gradually until day 21 when

it reached 762. Larval mortality increased dramaticalty

between days 2L-23 when t3å of the larvae died. From then

on until d.ay 40, mortality was only about I0?. Survival
declined sharpry from this day until day 42 when it reached

46å. on an instar basis (TABLE 4) , mortality was highest

in the first and sixth instars. Thirty percent of the rarvae

which entered the latter instar died without pupating.

Mortality was even higher in the pupal stage, where about

362 díed. Survival to the adult stage was 30U.

On sweet clover, cabbage, marigold, alfalfa and pig-
weed, larval survival was higher than that on rutabaga for
at least 18 days (figs. 4, 5). On these food plants, larval
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Figure 4. Percent survival of larvae of M. configurata

with age in days on Rutabaga, Pigweed,

Marigold, Cabbage and Sugar beet.
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Figure 5. Percent survival of larvae of M. configurata

with age in days on Alfalfa, Sweet clover

and Beans.
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survival was 85-904 on day 18 compared to 76s" on rutabaga.

However, the pattern quickly reversed after day Ig. On

sweet clover, mortality increased sharply between days

L9-22 when 46% of the larvae died. survivar- reached zero

on day 30. on cabbage, mortality increased sharply from

day 20 onward.s, exceeding that on rutabaga on day 24. On

day 28, survival was signíficantry ress than that on ruta-
baga. on marigold, survival decrined rather sharply from

903 on day 22 to 462 on day 30 and then steadily to 30u

on day 36. on aIfaIfa, survival decrined sharply from g5a

on day 26 to 4z on day 40 and then gradually to zero on

day 44- on pigweed, larval survival remained higher than

that on rutabaga until day 33. only 30u of the larvae on

pigweed survived to day 40.

On sugar beet, 1arva1 survival was initially higher
than that on rutabaga. Mortality increased gradualry from

day 8 until day 24. Then survival declined sharpry and

reached 202 on day 32. on beans, rarval mortality v¡as

severe from the onset of the feeding period and reached I00%

on day L4.

on an instar basis (TABLE 4) mortality in the first
instar ranged from 33 on arfatfa and sweet clover to 26eo

on bean foliage. on most food plants, mortarity was either
zero or very low between the second and fourth instar.
Howeverr orr beans, 86å died in the second instar and the
remainder in the third instar. on the other food prants,
fourth instar larval mortality ranged from zero ôn cabbage

and sugar beet to 13.88 on aIfalfa. Larval mortality
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increased through the fífth instar on most food plants,
and in the sixth instar it reached 100u on arfalfa and

sweet crover. The combined mortality in the fifth and

sixth instar on alfalfa and sweet clover accounted for
83 and 872 of the total mortalíty respectively. On

rutabaga, sixth instar mortality accounted for onry 3gz

of the total larva1 mortality. On cabbage, pigweed and

marigord, sixth instar mortal-ity accounted for 83, 81 and

762 of the total mortality in the Iarval stage. on sugiar

beet, the final instar accounted for about slz of the total
larval mortality. Mortality in the final instar resulted
mainly from failure to empty the gut or to cast off the

larval skin, as described previously (p. 30 ).
survival to the pupal stage was highest among larvae

fed rutabaga foliage (46e"). On cabbage , 4OZ survived to
the pupal stage. on marigold and pigweed, 30% survived to
the pupal stage. None pupated on beans, alfarfa and sweet

clover. The main cause of pupal mortality was a morpho-

logicar malformation of pupae. some syndrome was observed.

These conditions are described on p. 31. However, most

of the pupae on cabbage, pigweed, marigold and sugar beet

had no obvious malformations but failed to emerge.

survivar to the adult stage ranged from zero on beans,

sweet clover, alfalfa and pigweed to 30ã on rutabaga. There

was 3.3i 6.7 and L6.72 survivar on cabbage, sugar beet and

marigold respectively. The adul-ts from larvae fed marigold
foriage lvere about two thirds the size of the emerging

adults from other food plants.
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Larval food consumption

The amount of food consumed by the larvae varied
among food plants and instars (TABLE 5). Individual
variabj-lity within each instar was high. On rutabaga,

larvar food consumption ranged from 40 mg (mean dry weight)

in the second instar to 2435 mg in the sixth instar. The

latter consumed about TLeo of the total food consumption.

on other food plants, the amounts of food consumed.

in the first three instars differed only srightly from that
observed on rutabaga. pigweed was consumed in greater
quantities than the other food plants. The differences
in food consumption increased through the fourth instar
to the sixth instar when ress of alfalfa and sweet clover
were consumed. On sweet clover and alfalfa, the sixth
instar consumed a.bout 23 and 42eo of the total food. consump-

tion respectively. These varues are much rower than those

reported on other food plants for the same instar. On

other food plants, food consumption in the sixth instar
ranged from 1387 mg on marigord to 4634 mg on pigweed. on

rutabaga and sugar beet, the finar instar consumed about

71 and 732 respectively, of the total food consumption.

on marigold, cabbage and pigweed, the final instar consumed

about 59, 63 and 662 of the total food comsumption respect-
ively.

The totar food consumption ranged from 567 mg on sweet

clover to 6995 mg on pigweed. The differences in means hTere

statistically significant (p<0.05). The amount consumed

on pigweed was significantly greater than those on other

(b)
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food prants. The amounts consumed on cabbage (4329 mg)

and sugar beet (3827 mg) were not significantty different
from each other but tJ:at on cabbage was significantly
different from the others. The amounts consumed. on sugar
beet, rutabaga (3411 mg) and alfalfa (2955 mg) were not
significantly dífferent from each other but were

significantry less than the amounts consumed. on pigweed

and cabbage; and significantly more than those on marigold
(2355 mg) and sweet clover. The amounts consumed on

alfalfa and marigold \,ireîe not significantly different
from each other. The amount consumed on sweet clover was

significantly rower than those on other food plants. Among

the food pJ-ants whích supported larval development to the
pupal stage, marigiold was consumed in the smallest amount.

(c) Larval and pupal weights

The molting weights varied within and between instars
on the various food plants (raeLe 7,). On rutabaga, the
molting weights increased from 7.4 mg in the second instar
to 1699 mg in the sixth instar. on other food. plants,
second instar molting weights ranged from 6. g mg on alfalfa
to 13.3 mg on pigweed. Except on alfalfa, arl the molting
weights in this instar $/ere greater than on rutabaga. rn
the third instar, the molting weights ranged from 23 mg on

alfalfa to 76 mg on cabbage. Larvae on rutabaga had the
second lowest molting weights after those on alfarfa.
Fourth instar molting wèights,ranged from 121 mg on sweet
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clover to 274 mg on cabbage. Again, larvae fed rutabaga

foriage had the second lowest morting weights. rn the
fifth instar, the molting weights ranged from 452 mg on

rutabaga to 728 mg on -cabbage. However, other than on

cabbage, most of the molting weights were in the 500 mg

region- rn the sixth instar, larvae on sweet clover
molted at 470 mg which was lower than the molting weight
in the previous instar. Fifth instar food consumption on

sweet clover was extremely Iow compared to that on other
food plants (TABLE 5). On other food plants, sixth instar
molting weights ranged from 1347 mg on arfalfa to l-779 mg

on pigweed.

The mean pupal weights ranged from 1269 mg on marigold
to 2298 mg on rutabaga. on arl food plants except rutabaga
and marigord, mare pupae weighed slightly more than females.
However, Bucher and Bracken (L976) reported thatr orr average,
females weighed more than males. rn the present study, the
number of females on different foods \^ras more variabre than
the number of mares. Therefore, to test for significant
differences between pupal weights on the different foods,
only male pupal weights were used. The mean male pupal
weights were significantly different (p<.O.Ol) (resl,e 7) .

The mean mare pupar weights for larvae reared on rutabagâ,
cabbage, pigweed and sugar beet were not significantry
different from each other although the mean pupar weights
on rutabagia were slightry higher. The mean pupal weights
for insects reared on rutabaga were similar to those on

rape in the second experiment (cf. TABLE 6). The mean male
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pupal weights for larvae reared on sugar beet and marigold
\dere not significantly different from each other but those
on marigold were significantry lower than the mean male

pupal weights on rutabâ9âr cabbage and pigweed.

Larval and pupal development

on rutabaga, the mean rarval and pupar development times
were 24.6 and 25.3 days respectively (TABLE 9). These

developmentar times were very similar to those observed on

the artificial diet in the first experiment and on rape in
the first and second experiments (cf. TABLE B). The mean

larval development times on rutabaga, cabbage (zr.g days)
and sugar beet (24.7 days) were not significantly different
from each other but were significantly shorter than on
pigweed (31.0 days) (p<0.0r). The mean larval development
time on cabbage was significantly different from those on

marigold and pigweed. On marígoId, the mean larval
development time (25.4 days) was significantly shorter
than on pigweed and significantly longer than on cabbage

but not significantly different from sugiar beet or rutabaga.
The mean pupal development times were not significantly

different among larvae reared on various food plants
(p 0 -25) arthough development was srightly faster on mari-
gold. complete deveropment time to emergence varied from
46.6 days on marigold to 50 days for the singre adult on

cabbage. while larval development was shortest on cabbage
and increased through rutabaga, sugar beet and marigotd,
pupar development required shorter time in the reverse
order.

(d)
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CHAPTER V

DISCUSSION

rn this section, the results of the four experiments
will be discussed under headings "survivar", and "Growth
and Development". The first includes mortality in both
the larvar and pupal stages while the second includes food
eonsumption and its relationships with larval growth and

development.

(a) Survival

Mortality of first instar larvae was high on most

test plants and the control foods, the artificial diet and

rape foliage. The larvae which died either failed to feed
or fed a little but did not molt. Mortality from these
causes has been estimated to account for about 5 t 5? of
the total mortality or even higher depending on the vigour
of the embryoes (Bucher and Bracken, rg76). The variations
in first instar mortality between the control groups (16 to
232) (TABLE 4) may be due to the genetic effects of inbreeding
and/or small sample size. on rape folíage, the difference
in leaf age between experiment 1 and 2 may have been an

added factor.
on the control foods, artificial diet and rape leaves,

larval mortarity through the second instar ranged from zs-4oz
(rigs. r-3). The mortarity on turnip and sugar beet was

similar to the controls (Figs. 2, 4). On rutabê9a, cabbage,

marigold, alfalfa, sweet clover and pigweed, larvar mortal-
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ity through the second instar was much rower than on the
controls (figs. 4, 5). On buckwheat, f1ax, mustard and

bean foliage, mortality exceeded 85å by the second instar
(figs. 1, 3, 5). The high mortal_ity on these food plants
cannot be accounted for by any possible parental effect
because larvae fed other foliage in the same experiments

showed normal survivar. This high mortality may be caused

by toxic or repellent substances in the foliage or by its
physical characteristics. Dethier et a1. (1960) have

suggested that some plants may contain substances which

deter sustained feedíng in addition to those having a

toxic effect. Shaver (L974) suggested that high mortality
can be caused also be metabolic inhibitors in plants or by

insufficient quantitÍes of specific nutrients requíred by

the insect for growth. The importance of physical and

chemical characteristics of plants in determining the

degree to which a plant iå consumed by an insect has been

stressed by many researchers (oethier, L947, Friend, 1959,

Lipke and Fraenkel , 1956, painter, 1953) .

On buckwheat, the undesirability of the fol_iage to
larvae was confirmed by the high mortality among the third-
instar larvae transferred from the artificial diet. The

few which developed to the fourth instar died after a little
feeding. on frax, the second instar larvae transferred
from the artificiar diet also incurred severe mortality.
However, one of the larvae pupated. The comparativery

high consumption rate on flax suggests that it is palatable.
some wild flaxes have been shown to contain toxic cyano-
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genic alucosides. For instance, Linum mexicanus L.

contains a poison "Linotoxin" which is fatal to mammals

if large enough quantities are eaten (Eggleston et al.,
1930). However, these poisons have not been demonstrated

to occur in domestic flaxes.
The survivar on bean foliage was much lower than on

the other species tested in the same experiment (figs. 4,

5). The low survival on beans appears to be related to the
leaf characteristics, possibly the waxy, stícky substance

which trapped and kiIled some larvae through starvation.
However, the influence of chemical factors (toxins, repel-
lents, etc.) on the larvar food consumption and survival
on bean foliage cannot be excluded. (see discussion on

legumes below).

on mustard, the survival pattern was different from
that on buckwheat, flax and beans only in one respect.
Although mortality exceeded Bo? in the fírst instar (TABLE

4l , at least 10% survived to the fourth instar. However,

survivar from the ratÈer instar $ras very poor and only one

larva entered the sixth stage in which it died. This
survivar pattern appears to resemble that on turnip in two

respects. On both food plants, the larvae may have

increased the level of survivar by reducing growth and

prolonging development. Gordon (1959) and House (1965)

suggested that reduced growth and prolonged development are

means by which insects avoid wasteful and lethal biochemical
imbarances untir a more favourable food is available.

on sugar beet, the larval survival pattern, until the
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fourth ínstar, \,úas similar to that on turnip. However,

there rârere two basic differences between the two food
plants. The larval mortality was higher on turnip (g7Z)

than on sugar beet (BOqà) (Figs. 2, 4) and development

was slower on turnips (TABLES 9,9) .

on sweet clover, alfalfa and pigweed, the mortality
of immature stages was much lower than that observed on

buckwheat, flax, mustard and turnip. on sweet crover and

alfaIfa, Iarval survival to the fourth instar was hi_gher

than on the control foods but mortality reached r00å before
pupation (TABLE 4) - on pigweed, survival to the fourth
instar was almost as high as on sweet clover and alfal_fa
and the finat instar took the greatest toll in mortarity.
Although 30% of the larvae on pigweed formed pupae, none

survived to the adult stage.

The apparent differences in larval survival curves of
pigweed, cabbage and marigold are related to the rates of
larval development. survivar on an instar basis does not
significantly differ between them (TABLE 4). For these
foodplants, pupar mortality r^¡as high and survival to the
adult stage was low (0:-I7B).

High mortality in the sixth instar
of many of the foodplants tested. This

occurred as a result of failure to empty

cast off the larval skin or to chitinize
segments. The pupal mortality resulted
syndrome or morphological malformation.

are a direct result of lack of specific
the artificial diet and excised leaves.

was characteristic
mortality usually

gut contents, to
all the body

mainly from the

These malformations

nutrients in both

Although several
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researchers have observed that the adverse effects of
feeding insects on wilted foliage are associated with low
moisture content (Beck, 1956, Kennedy and Mittler, 1953,
Murthy, 1953, Snyder, L954, T\¡aber et a1., Lg45) , the
present findings are not consistent with this view (rig.
6). Food plants with ress than g3B moisture failed to
support larval development to the adult stage but survival
on plants with the highest moisture content (sugar beet,
mustard) was arso row. These findings suggest that moisture
content was not a major factor in the survivar of larvae on

the test plants.

(b) Food consumption, larval growth and development.

When food consumption (mg fresh weight) was plotted
against larval growth the relationship approximated a

straight line (rigs. 7,9) . The slopes of the lines
represent the growth increment per milligram of food
consumed (Turnbull, 1962). The slopes ranged from 0.23
on flax to 0.48 on marigold. The steepest srope, obtained
for insects feeding on marigold, indicates higher utili-
zation of ingested food on this plant than other plants.
However, larvaI survival to the adult stage was row on

marigold and the adults were smaller than those on other
food plants. It appears, therefore, that marigold was a

poor food because not enough of it was ingested (TABLE 5),
or alternativery, because a nutritional- deficiency in this
plant adversely affected. survivar and growth. Among the
insects fed rape foriage, the slope on rape in the second
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Figure 6. Percent pupal formation and emergence

of M. configurata with moisture content

of food plants.

A = Pigweed; B = Alfalfa; C = Turnip;

D = Flaxi E = Sweet Cloveri F = Beans;

G = Marigold; H = Buckwheat; I = Cabbage;

J = Rutabaga; K = Rape (Exp. 2) ¡ f, =

Rape (Exp. 1); M = Mustard; trJ = Sugar

beet.
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Figure 7. Relationshíp beÈween mean food consumption

and mean 1arva1 growth from the second to

the sixth instar of M. configurata on various

food plants

@

The equations showing the rel-ationships between

food consumption and larval- growth were:

Rape (fxp. 1), Y = -157.25 + 0.33x, R2 = 0.96

Rape (Exp. 2), Y - -200.78 + 0.43x, R2 = 0.99

Rutabaga, y = -l3O.5O + 0.38x, R2 = 0.99

Mustard, Y = -209.23 + 0.32x, R2 = 0.52

Sugar beet, Y = -195.50 + 0.29x, R2 = 0.99

Turnip, Y = -38 4.gO + 0.28x, R2 = 0.88

FIax, Y=-172.00+0.23x.R2=f
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Figure 8. Relationship between mean food consumption

and mean larval growth from the second to

the sixth instar.

The equations showing the relationships between

food consumption and larvaI growth were:

Sweet. clover, Y = 20.83 + 0.39x, R2 = 0.36

Marigold, Y = -116.07 + O.4gx, R2 = 0.95

Alfatfa, Y = -gO.2L + 0.38x, R2 = I
Cabbage, Y = -153.31 + 0.37x, R2 = 0.99

Pigweed, Y - -37.86 + 0.31x, R2 = 1
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experiment was steeper (0.43) than that in the first (0.33),
suggesting higher utilization of older rape foliage.
Although utitization was higher in the second experiment,
larval survival was srightly rower than in the first
experiment.

The slopes obtained for insects feeding on cabbage,
rutabaga, alfarfa and sweet clover were similar to each other
and intermediate to those on rape in the first and second
experiments. Howeverr orr arfarfa and sweet crover, the
larvae died in the sixth instar wíthout reaching the pre-
pupal stage. on cabbage, larval development was slightry
faster and survival to the adult stage was much lower than
that on rutabaga. On mustard and pigweed, the slopes (0.32
and 0.3L) hrere similar to that of rape in the first experi-
ment' but larval develo¡xnent was much slower. rn addition,
none of the larvae fed mustard or pigweed survived to the
adult stage. On flax, turnip and sugar beet, the slopes
rc.n, 0.28, o.2g) were shalrower than on other food plants.
Except on sugar beet, larval development on these food
plants was slow and none developed to the adult stage.

The efficiency of conversíon of ingested food to body
tissues (Ecr) (see v,Ialdbauer, 196g) up to the sixth ínstar
ranged from 2LZ on turnip to 742 on marigold (TABLE I0).
The ECr varues for larvae fed rape foliage ín the first
experiment (453) $ras lower than that of larvae on rape in
the second experiment (6gg), where the larvae consumed

foliage at a lower rate than in the first. These values on

rape were much higher than the ECr of 2sz reported by Bailey
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TABLE 10. Efficiency of conversion of ingested food (Ecr t sD)

into body tissue by 4. configurata on different food plants.
Except where indicated, rì = number of larvae which formed pupae.

Food Plant Mean ECI + SD

Marigold

Rape (Exp. 2)

Mustard

Rutabaga

Sugar beet

Rape (exp. 1)

Cabbage

Flax

Pigweed

Turnip

Sweet clover

Alfalfa

B

L2

I

T4

6

14

L2

I

9

7

9

L7

74.20 r 26.70

68.41 r 25.38

63.3 *¿

57.14 + L2.34

47 .06 ! 8.52

44.98 t 8.50

39.14 r 6.78

27 .I
26.49 t 6.02

20 .95 t 5.05 *b

87.93 r 21.01 *c

47.16 t 12.84 *c

*a Larva died before pupating as pre-pupa
*b n = prepupa. Onty one pupated
*c ECI calculated for fifth instar



(1976) for larvae fed the same rape species.
The ECr values for larvae on mustard and rutabaga

were similar to that of larvae on rape in the second
experiment. The ECr values for rarvae on alfalfa, sugar
beet and cabbage were similar to that on rape in the
second experiment. The ECr varues on f1ax, pigweed and

turnip were much rower than those on other food plants.
Food consumption was highest in the latter food plants.
on sweet clover, the fifth ínstar ECr value was higher
than on any other plant species. These larvae, rike those
fed alfaIfa, died in the sixth instar before reaching the
pre-pupal stage.

The results clearly indicate that the ECr values for
larvae differ from one plant species to another. These

differences have been shown to be influenced by the diges-
tibility of the food, its nutritional value and the revel
of nutrient íntake (Waldbauer, Lg64) or proportions of
nutrients (House, Lg6g). The comparatively high larvaI
food consumption on pigweed, turnip and frax (TABLE 5)

suggests thaÈ larvae may eat copiously in an attempt to
compensate quantitatívely for deficient nutrient levels
of an otherwise satisfactory diet. simil_ar results have
been report.ed for Celerio euphorbiae (House, 1965). The

apparent differences in the nutritive quarity of the rape
plants used in the first two experiments is not surprising.
The nutritive quarity of prants has rong been known to vary
not onry interspecificalry but also intraspecifically with
the varíety, conditions for growth, age and other factors
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that determine chemical composition (Morrison, 1941).
The rore of chemical factors in influencing Iarval

food consumption and survival cannot be overemphasized.

Howeverr orr sweet clover and alfarfa, food consumption,
growth, development and survival all appeared normal untíl
rater instars. Larvae suddenly reduced their food intake
at the onset of the fourth instar on sweet clover and in
the final instar on alfarfa. severe mortality followed this
reduction in food consumption on both prants. !,Ihether the
Íncreased mortality was caused by undernourishment resul-ting
from reduced food intake or by the accumulation of feeding
deterrents or toxins is not known. However, legumes,

including beans, arfalfa and sweet clover are known for
their high content of tritepenoid saponins and coumestans.

The alfalfa saponins have been shown to contribute to the
occurrence of broat in ruminants and to cause metabolic
disorders in other domesticated mammars (r,inaat et ar.,
1957). some varieties of alfalfa have been reported to
have some resistance to the spotted alfalfa aphid, Therio-
aphis maculata (euck) (Howe and Smith, ITST, Harvey et aI.,
1960, Kishaba and Manglitz, L963, Kindler and staples,
1970). The true nature of this resistance is not known,

but it is assumed that either the plants contain toxins or
repellents or the plants do not meet the insects nutritional
requirements. This resistance in alfalfa is not immutable,
it can change with conditions (eg. temperature) (McMurtry

and stanford, 19G0). rn both cases, reduced ingestion
occurred when the prants started blooming. coumarin
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production in sweet crover reaches a maximurn at the
blooming stage. This substance has been known to cause

temporary rejection of foriage by mammals (see Range

Plant Handbook, L937, usDA) . rn Melilotus officinalis,
coumarin has been shown to act as a feeding attractant
for the vegetabre weevil, Listroderes costrirustris
oblignus (Klug.) when in row concentrations but highry
deterrent in higher concentratíons (Matsumoto, 1963).

rt is not known whether or to what extent these compounds

influenced the survival of M. configurata on the test
legumes.

The apparent lack of a direct relationship between

totar food consumption and growth was arso evident among

pupal weights. A plot of food consumption against pupal

weights resulted in scatter diagrams whose regression
coefficients ranged from zero on cabbage and pigweed to
0.31 on rutabaga. No significant correlation ocurred for
larvae on any food plants.



CHAPTER VI

SUIvIMARY AND coNcLUSIONS

rn the experiments descr'ibed above, a smarr number

of larvae was used in each test because of the work invorved
in feeding fresh foliage and weighing the larvae. The

results, however, do have interesting ecorogical impri-
cations some of which will be pointed out below.

All the food plants fed to the experimental insects
in this study were acceptable to some degree. However, not
all the food plants had the nutritive qualities essential
for adequate development, growth and survival of U. config-
urata. Larval growth, deveropment and survival hrere best
amonq insects reared on the artíficial diet, indicating that
it was nutritionally superíor to arr the plants tested in
this study. Rape was the best food plant for larvar growth,
development and survival and rutabaga was almost as good.

on alfaIfa, sweet clover and. pigweed, larvar growth,
development and survival were good up to the sixth instar or
pupar stage but no insects survived to the adurt stage. on

alfalfa and sweet clover, both the utitization and ECï's
were high but development did not. proceed beyond the sixth
instar. The high mortal-ity observed in the rast two instars
on these food plants may have been a result of the cumurative
effects of the lack of certain essential nutrients or the
presence of toxins. The possibility of the presence of
feeding deterrents cannot be excluded. on pigweed, although
food consumption was very high, the utilization and ECr

values were low. Although immature larvar survival was good,



development was comparatively srow and no adults emerged.

on marigold and cabbage, rarval growth, development
and survival were good up to the pupal stage. Between these
test plants, food utilization and ECr values were higher on
marigold but this plant arso produced much lighter pupae

and smaller adults. Marigold foliage apparently lacks some

nutrients essential for the normal growth and survival_ of
U.. configurata. The utitization and ECr values on cabbage

r^¡ere similar to those on rape. However, the higher pupar
mortality suggests l-ack of certaín essential nutrients in
the food plant.

The utilization of food on sugar beet and turnip was

low compared to the other food plants. on both food plants
larvar survival was low and similar until the fifth instar.
However, the ECr was higher and deveropment faster on

sugar beet than on turnip. survival to the adult stage was

zero on turnip and very low on sugar beet.
on buckwheat, fIax, mustard and beans, larval survival

in the first two instars was very Iow. Buckwheat appears
to have been the worst food tested since larvae were unabre
to complete more than one mo1t, even if introduced to the
foliage when in the third instar. on flax, introduction of
first instar larvae resulted into lOoa mortality, but 25e"

of the larvae introduced during second instar formed pupae.

None emerged to the adurt stage. on mustard, atthough the
initiar mortality r¡ras very high, a small percentage developed,
though slowIy, through the fifth instar. on bean foliage
development did not proceed beyond the third instar. Atl



- 84-

these food plants appear to have been highly unfavourable

either because of foliage physical characteristics or
chemical factors (deterrents or toxins).

The test prants may therefore be characterised into
three major groups depending upon relative ability of rarvae

to grow, develop and survive on them.

(1) Plants which were highly unfavourable to larval
establishment or if a few survived, development was slow

and development beyond the pupal stage non existent.
(i) Buckwheat (eolygonaceae)

(ii) Beans (l,eguminosae)

(iii) Frax (Linaceae)

(iv) Mustard (Cruciferae)

(21 The second group includes those plants on which

survivar of larvae in the early instars was moderate to
high and can be divided into two subgroups:

(a) Plants on which sixth instar mortality was

high and if pupation occurred, there was no emergience.

Larval developmental rates were from very slow to
normal.

(i) Sweet clover (Leguminosae)

(ii) Alfalfa (Leguminosae)

(iii) Turnip (Cruciferae)

(iv) Pigweed (Chenopidiaceae)

(b) Plants on which pupal mortality was high but
some aduIt. emergence occurred (3-178).
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(i) Cabbage (Cruciferae)

(ii) Sugar beet (Chenopodiaceae)

(iii) Marigold (Compositae)

(3) Prants on which rarval growth, development and survivar
to the adult stage were relatively high (30_42s").

(i) Rape (Cruciferae)

(ii¡ Rutabaga (Cruciferae)

The present findings indicate that although E. configurata
has been reported to feed on many food plants, very few of
these can supPort its development to the adult stage. Hor^rever,

its potentiar as a pest of fierd and garden crops is great
because of its ability to rive at least temporarily on these
crops although they may not provide its nutrítionar needs.
rt appears, therefore, that most reports of bertha armlzworm

damage to crops other than rape refer to popurations that have
buirt up on more favourable hosts and. destroyed them before
attacking the unfavourable hosts.

. The native hosts of M. configurata have not been

determined but populations may increase on the rape crop.
In addition, the preference of females in laying eggs on

chenopodium spp- makes this group of plants a possible source
of infestation to fietd crops. However, the food plants and
environmental conditions which bring about the destructive
phase of the armlzr,,rorms are not known. From an ecol_ogical
point of view, the present study seems to suggest ttrat bertha
armln¡¡orm populations attacking crops other than rape can be
expected to decline rather sharply owing to greater mortality
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among older larvae and pupae. outbreaks can be expected
to be relatively infrequent, increasing only under favourable
conditions of weather and host prant availability.
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