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ABSTRACT

Population study of two representative species pf Pierid

butterflies viz. Pieris brassicaes (L) and Pieris napi montana Venity,

in relation to their host planté reveals that the absolute density
of eqggs, larvae and adults of these butterflies varies with diFférenﬁ
environmental factors like temperature, humidity and rainfall, in the

study area. Density of eggs is more in Pieris brassicae (L) than in

P. napi montana Venity, since the former lay more number of eggs at a

time than the latter, but the egg distribution is more in P. napi

montana even if the adults lay their eggs singly. Larval density is

also higher in case of Pieris brassicae than in P. napi montana, but

adults of P. napi montana are uniformly more in number than that of

P. brassicaee. Both the speciesféynchronized their life cycles with
the availability of their accepted host plants in the fields. Sunny
weather and open areas are preferred by adults of both the species,
especially for mating and oviposition. Pehsity of adults, larvae and
eggs is always high-during the winter menths, i.e. October to January,
and debline during the summer months, i.e. March to August in both

the species.

Life cycle studies shows that Pieris brassicae (L) spent the
shortest duration, i.s. from incubation period till adult emergence,

on knol khol (Brassicae olerécea vare. gongylodes L.) and longest on

cabbage (Q. oleracea vare. capitata L.), while P. mapi montana sbent

thie shortest life cycle duration on cabbage (B. oleracea var.

capitata L.) and mustard\ig; campestris var. sarson Prain.) and

longest on cauliflower (B. oleracea var. botrytis L.).

Hymenopteran flies have been found to parasitize the larval

stages of both the species of butterflies studied. In case of Pieris
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brassicae (L) the main parasite inflicting their larval stages is

Apanteles glomeratus (L) while in P. napi montana Venity, the lar-

val parasite is not yet identified. Due to heavy parasitization by
these hymenopteran parasites, the larvaes of both the butterflies
species die prematurely, hence affecting larval growth, life cycls

" duration and population of both the host species in general.

Rate of consumption, growth and conversion efficiencies of

Pieris brassicae varies with different host plants on which they

are fed and also during various stages of larval life.

Analysis of total organic nitrogen, total free amino acid and
sugar, reveal that there exists a difference among acceptable host
plants and even betwesn different age groups of the same host plant.

Mustard (Q. campestris vare. sarson Prain) and raddish (Raghanus

sativus L.) contain very high amount of total organic nitrogen as
compared to other larval host plants. Cabbage (Q. glerabea vare.
capitata L.), cauliflower (B. oleracea var. botrytis L.) and knol

khol (g. oleracea var. gongylodes L.) contain very high amount of

total free amino acid than other acceptablé host plants, while the

total free ﬁugar contents does not vary much between them.

Qualitatively, fifteen free amino acids are present in cabbage
(B. oleracea var. capitata L.) and cauliflower (B. oleracea var.

botrytis L.) and knol khol (Q. oleracea var. gongylodes L.), fourteen

in mustard (Q. campestris var. sarson Prain) and thirteen in raddish

(Raphanus sativus L.). Only two free sugars are present in all host

plants vize. glucose and galactose. Ten free amino acids are present
in the different larval stages of P. brassicae (L.) and only eight

are present in the larvae of P. napi montana Venity. Glucose and

galactose are the only two free sugars present in the larval stages



. of both the butterflies. Same pattern of free amino acids and
sugars are present in the larval fecal matter of both the species

of butterflies but the quantity differs individually.

Larval stages of Pieris brassicae (L) .do not feed on other

host plants except their known host plants, as observed by prefer-
ence tests. Larval preference for selective feeding exist even among

different host plants known. Mustard (B. campestris var. sarson

Prain) is best preferred other than raddish (R. sativus L.) and
cauliflouwer (Q.‘oleracea var. botrytis), while cauliflower and
raddish are more preferred than knol khol (B. oleracea var. gongylode:
L.) or cabbage (B. oleracea var. cagiﬁata), as revealed by 'arena'

choice tests experiments.

Six inmorganic salts viz. sodium acetate, cadmium acetate, lead
acetate, potassium nitrate, magnesium sulphate and manganous sulphate
out of ten salts tested, show inhibitory effect on the feeding beha=-
viour of P. brassicae larvae when tested on host plants, while the
other salts ao not exhibit this. Only two water soluble amino acids
viz._DL-methibnine and glycine from amongst the twelve amino acids

tested, stimulated feeding in P. brassicae larvae while others are

inhibitory.

Ascorbic acid only from amongst ﬁhe four organic acids tested
stimulated feeding in P. brassicae larvae, while other acids show
inhibitory effects. Out of ten sugars, only galactose stimulated
Feediﬁg of P. brassicae larfae, while others sugars are, to a great

extent, inhibitory in character when tested on accepted haost plants.

Cauliflower (Brassica oleracea var. botrytis L.) is the most

preferred host plant for oviposition by adults of P. brassicae (L)

followed by knol khol (Q. oleracea var. gongylodes L.) and cabbage
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(B. oleracea var. capitata L.), Mustard (B. campestris var. sarson

Prain) is less preferred and raddish (Raphanus sativus L.) is the

least preferred host plant for oviposition by these adults in

gxperimental field conditions.
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- GENERAL INTRODUCTION



All Porms of animal 1{fPs na@sd organic matsrials in order
to exist, grow and reproduce. Some subsist on living, dsad or
decaying plants; othors get the food thay require from living

or dosad animals.

Many kinds including some insects live on a mixed diet of
both plant and animal materiasl. Civilized man has almost endless
varisty in his diet: Bacteria, yeasts, fungi, roots, berries,
fruits and foliags of plants furnish vagatable food; he eats
flesh of many invertebrates, although fish, birds and ﬁammals

commonly furnish his main protein requirements.

No insect selscts Pood in such a vériety but few insects
are omnivorous. Host of the mnie specialised kinds of insscts
rastrict their diet to a limited range only. Parasitic insects
are gsnerally very specific in the selsction of their hosta. Pree
datory insscts confine theif diet to animals smaller or lass
active than thamaslves. Quite frequently they also select a partie
cular kind of prey, hence, they are also spacific in sslection to
some extent. Parasitic and predatory insects raduce the agbundance
of plént~aat1ng ingect life. Noverthsless, under the conditions
that prevailed in nature, their influence has not kept the vast
hordas of phytophagous insscts from maintasining population at a
raquired level. Naither has it curtalled their evolutionary
differentiation because of their innumsrabls adaptations in
structure énd in habits, to their snvironment. Soms of the most
striking features in this respsct relates to the instinetive

behaviour that doterminss the selection of food plants.

There is great variation in the numbesr and varisty of food
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plants the insaects select; but there is a fix purpose in their

behaviour that is far beyond their dietary requirements.

In search for the causas undsrlying such selection, ws
shall considar mainly those apeciss, about half of the living
species of insscts « uhich Psed on Plowsring plants, particularly

those of economic importance.

In some insects, the adult and larval stages faed on the
samg plants but in case of butterflies and motha the adult sucks
thas nectar of various flowsrs and tﬁa laying of its sggs on the
larval Pood plant is not a response to its adult appstite. Any
fallure of the adult to select plants acceptable to its offsapring
would spell disastsr, because the young offaprings cannot go fore
aging in ssarch of plants other than those upon which they find
themselves. Similar peculiarities prevell among a great varisty

of diverse insects that restrict their feeding to specific plants. .

Insacts ars grouped into three catsgories in rslation to
their food habit. The Pirst Qroup.lncludas those faaders that
exercliss little choice, dapanding on availability, abundance,
texture of foliage, succulence and the like. Nearly all of tham
thave praferrad food plants, howsver. Like ths gypsy moth
(Lymantria dispar L.) caterpillar fesad on the leaves of deciduous
forest trees, but it is most abundant on Quercius spp. Many grasse
hoppars range over a wida variety of low plants, grasses and the
like. Such insects are known as "polyphagous bacause they accapt

plants in considarable variety? (Moshar, 1915).

The sscond group include thoss insects which restrict their

fesding to a small and discrete number of usually similar plants,
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hence, termsd as 'oligophagous'. No clear-cut demarcation can
be drawn to separate thasm from polyphagous forms but thsy
obviously repreéent a distinct spocialisation in food selection
sspaclially wvhen their food plants have some characteristics in

common, which could bs demonstrate through visual observation or

by laboratory mothoda.

The third group of insects, includas those feecdsrs uwhich
are highly speéial&sed and referred to as 'monophagous'; because
thay reatrict their fesding to a single species of food plant.
These insects are comparatively low in number; indesd, some ento=-
moloqiaﬁs balieve that nons exists in the strictest sense. The
boll weeovil, Anthonomus g:andié, whoaa habits have been minutaly
studied, falls in this catsgory.

Until a faw dscades agoy it was customary to attribute the
unnistakeable selectionvﬁ%f Pood plants by oligophagous insects
to a sixth botanical sense that enable them to rascognize their
natural host. But such a suppoasition has many flaws as has besn
provad by exparimental techniques. Some insects, especially their
larvae restrict fesding to cartain plants baslonging to the sanms
family, although somstimes feed on some dissimilar and unrelated
plants. A Dutch entomologist, £. Verschaffelt (1910) who studiad
the behaviour of butterfliss and catorpillars with refersncs to
mustard oils, concludad that ths presance of thse chemicals was
thae factor that detormine thoir choice. Other entomologists, ha#e
axtaendad such studies toc a largs numbar of other insscts and thelr
food plants, and found that some spscific chemical or chsmicals

commonly forms ths tis that binds them to a more constant diet.
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S0, we 5om understand that an insect's selecticn of food
plants depsnd primarily on an acutge and discriminating chemical
senss. As ths presence of such chemicals is usually confinsd to
some group of plants or varieties, they ere ths ones te which
the insect is attrascted. When the same chemicsl,attractant
appoars aporadicallytin unrealated plants, they also may bs chossn
as hosteplants. This basic concept;on is supported by obsorvations
of the bohaviocur of insacts in nature and by expsrimental teche
nigues. Thus it explains tho puzzling 'botanical sensa', and has
open up a promising field for study of stimulants, attractants
and rapellents that have grsat practical implications (Dethisr,
1937; 1941; Brues, 1920; 1940).

In tha oraqganic gcosystem, ths intoraction betussn animal
life and plant 1life play a dynamic role. Shillong and its adjacent
areas in thoe NortheECasteorn India, provide a typical subtropical
ecosyaten, in . which the Plora and Pauna is unigqus, and offers
anpls apportunity to study the dynamics of action ardl reaction
amongst tham.

Shillong and its adjacent areas, possessed a variety of
asdible fruits and vegetables which are sconomically important to
the human population in this arss. Basidss these, thers are alss,

species end condimanb which are profusely cultivated and used by

the human population.

Such @ variety of commaercially important plants and vegeta-
bles are not useful only‘to tha human population but offsr 3 good
opportunity to othaer animal 1ifs, sspecially insscts snd namatodes
- to fesd upony and 1nfast various parts of themy, hencs bacoming

thoir chisf insact pesta. A point of intersst about thesa insects
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and other commercially important plant feadars is tha£ thay
specifically attack only certain plants and portions of the plant,
such as leaf, root, stem, fruit or Plowsr and such othsr parts of

ths pl ant.

Another intaréating phanomenon to be noted 1a that only
certain developmant stages of the life cycle of such insects are
inPactive to the plants. It is dus to hsavy infestations of these
insects on commercially important plants, especially vegatable
plants and othars, that the sconomy of the HortheEastern Hill

region suffers immensely.

There sre a number of parametsrs both biotic and abistic
wvhich are irvolved in such phsnomena. In order to understand thess
interesting phenomsna, an undsrstanding of the ascoclogically impore
tant paramstars in different scasons of the ysar which govsrns
population dynamies, 1ifs cycls, duration of 1life cycle, survival,
growth and other essantial biological Punctions of sueh insects,
is a preraquisits. furthsrmore, inveatigations on the nutritive
factors and valugs of various infasted plants and plant parts in
relation to the growth and fesding bshaviour, of such insects

would also be intsrasting.

As mentioned, it is wsll establishad that insect pssts
attack spacifically certain parts of certain plants, this may be
dus to the presence of certain chemical stimuli which attracted
past insacts to oviposit, fPosd and to perform all biclogical
functions required, on thess host plants. With rsgard to feseding,
thore nust be soms 'stimulants?! uhich incite and hslp the inasct
or its young ons to continug faesding and choosse their Psading

sites selectively. Other factors like crowding, orientation,
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tomperature, humidity and other such physical stimuli are also
responsible to a cortain oxtant for regulating the various

bshavioural response of insacts towards their host plants.

In the present work, the study of variocus possibls environ=
mental factors, uvhich are involved in the populstion dynamics of
pasta attacking cruciferous vegetables in different seasons was
investigated. Selective study of a specific pest insect which
infest crucifers and the scrsening of vsrious paramsters like
nutritional stimuli, physical stimuli, chsmical Pactors and such
other factors uwhich influsnce its behaviour, selective dfgeding
and fesding specificity was also worked out. Culturing of ths pest
spacies in laboratory conditions, and thse study of its 1ifs cycle,
growth and prefersnce in relation to its accepted food plants was

alsp dona.

Since the rasscarch work focusses on the fundamental aspects
of ths bilology and davelopment of soms important psst insects, as
wall as ths role of biotic and abiotic Pactors an population
dynamicas and growth in ralation to various host plants; knowledge
and information obtainad Prom this investigation would be of
immense valus to understand the intsraction betusen pest and non=
pest insscts with their host plants, the control of such inassct
peats, whether biological or chemical and to qrow nsw plants with
bettor resistance so as to prombte ths sconomy of ths cultivators

and thae farmers and of the whole Northetastern Hill Raglon of India.



REVIEW OF LITERATURE



The sub Ject of imsacteplant ralationship is not vsry
recent and the Yiterature survay on this fisld revsals that this
particular sub jact hss been worked out by many workers since the
agarly ninsteanth century. Many theories and postulations have
bean put fPorth by sevoral workers, Purthermore, many contributions
have come from all sides covering ssveral aspects of 1nsact-p1;nt
relationship, l1ike ecology, plant preferancs, 11fe cyclo studias
and othor biological, chsmical and physical zelationships bastwsaen
the two interdependant terrestrical communitias in natursl as

woll as in artiPicial conditions,

Although thesa aspects of insscteplant relationships are
being explored by many workers, tha litsrature surveyed will
summarised tho position of ths subjoct as it is at present.

Prefepance or non=preference is deflined as those chenmicel
or morphological host-plént characteristics and insect responsas
that lead sway from the selection and uss of z particular diaﬂt,
for fPood, oviposition, shelter or a combination of ths three
(Paintor, 1969). |

The morphology of tho hosteplant may affoct the nutrition
of the insact in ths following ways: {a) It may limit ths amount
of faoding becsusse of tho taxturs, shaps or colour which would
reducs amount of nutritive material being fngestad and (b) may
l1imit the digestibility and utilization of Pood by the insect
(Kasting gt al 1958; Kasting and Mc.Glnnis, 19%9).

1P the morphological and physical characteristics of the
plants ars sultable Por ths inagct, chemicals having nutritive
charscteristics may also play an important reole in initial
attraction, Pasding and oviposition. Synthetic diets of cruciferae



feadars gain in their acceptibility after adding mustard oil
glucosides (Nayar and Thorsteinson, 1963). Feeding by the spotted

cucumber beatle (Diabrotica undecimpunctata howardi 8Barbar) is
stimulated by cucurbiﬁaclna (Chambliss and Jones, 1966). Boll
waevil fesding on érti?icial diet is increased by the addition
of gossypol (Maxwsll st gl 1943).

Phagostimulant affects of sinigrin have basn demonstrated
in other lepideptera (David and Gardiner, 1966), though not all
hrassicasceous insects require sinfgrin to Pead normally (GCothilf

and Beck, 1967).

Plutells maculipannis larvas have responded with differing

sensitivity to sinigrin, gluconapin and other glycosides end
their occurrence in diffarant proportions in various crucifers
doubtloss contributes to differsnces in acceptibility within the
ganarally acceptable host plant group (Nayar and Thozrstaeiamson,
1963). The point to be made here with tha above examples cited

is simply that these secondary plant substances added to tha diet
probably hsve little or no nutritive value in theamselvas, but do
act as feeding stimulants to increase FPood intake of the insect

which in most casas fimproves ths generél nutrition of the insoct.

Soma plant substance may play a dual role in that they
stinmulate as well as being essentisl nutritionally. Proteins,
sugars, phospholipids, inorganic salts, minprals, vitamins, aminoe
acids etc., are axaples of materials that many timas Punction in
dual roles‘o? acting aa feseding atimulants and alsc being
essantial Por proper development. Esgsential oils, glycosides and
the other secondary substances as previously stated are usuelly

involved more in a singular rols « that of attraction and Peading
stimulation and lass so Prom a strictly nutritive stgndpoint.
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Odours are also involvaed and may guide insects to possie

ble food plants, as in grasshoppers (Haskell st al, 1962), the

colorado potato beetle Leptinotarsa docemlineata (de Wilde gt al,

1969) end migrant locusts Schistocerca gregarie as wsll show &

positive anamotaxis whan the vapsurs of thair host plant are

porceived (Kafka, 1971).

" Jarmy (1965) suggestsd that most insacts selsct primarily
in a nagative wayy i.2. thay eat svsrything not containing partie
cular detsrrent sacondary plant substancss, majority of thass
compounds tasted appsar to afPact food uptake negatively (Buhr

at al, 1958; fraenkal, 195%; Harlay and Thorstainson, 1967).

Howaver, tha problem is more complax, because plant apecies
difPfer quantitatively in their contenta of nutritive elements. It
is likely, €hat food selection depends on more subtle information
than only the presence or absance of thosa sscondary plant sube
stances (Schoonhoven, 1968). Inactivation of deterrent rscsptor

cells, as has been donas in the case of silkworm (Sombyx mori (L2

by Ishikawa at al (1969) lsad to an increased feading upon none
host dists, R§ has basn shown in many lspidoptera larvae, the

sensory system allows for an appraisal of the levels of sevarsl
nutritive compounds, such as sugars, aminoeacids, sterols etc.
Bshavioural evidencs auggests the same for other insects (Hsiao

and Fraankel, 19683 Akason gt al, 1970).

The effects of dietary componants on fPasding insects were
also studied widely. Gothilf and Seck (1967) shown that ascorbic
acid and celluloss desterred larval Paeding while protsina sugara,

wheat germ oil and inmprganic salts promote faading in cass of ths



cabbage loopsr larvas, Ixichoplusisg ni. The best known oxaaple
of increased feading stimulation a3 a result of combined effacts
of diffarent substances is that of sugars and aminoeacids, a9
raported by Sack and Hanac {19%8) for the European corn borer,

Ostrinia nubilalis, and by Thorstasinson (19640) for tha grasshop-

par, Camnula pellucida.

floore (1983) Pound that varied amounts of starch, sucross
and lipids, in the diet of the adult boll woevil, Anthonomus
grandis (Bohsm.) have a drastic effect on its fatty scid compoe
sition and synthasis. The amino=acid tyrosins was found to

inhibit Peeding of the pea leaf wasvil, Sitona lingatus (L.) on

thres paa cultivara,'mhile saccharose amongst the sugars tosted

was most effactive Por stimulation of Peading (Havlickova,1980).

Cholice of food by the larvae of tha fly, Agria affinis

dapands upon the lsvels of glucoss and aminoeacids which detore

mined tha qrowth and davelopmant of ths fly. Nutriant balance is
‘a prime Pactor determining Pand sslection in this insect (House,
1969, 1971). The role of aninoeacids in tha Peading bahaviour of
Spodoptera littoralis (Boisd.) was alsc reported by Kalifa st gl

(1974), in which, protein, glutamic acid and alanine werae highly
effective in ovoking Pesding raspBnass in this insect, while,
laucine, histidins, serine and methionine had 1little effect on

its feoding bahaviour.

Sugar content of plants may be very important to insact
pasts, usually becausg of fapding stimulation but may be also
limiting in propoar growth and survival other than requlating
guantitative intakse. Low levsl of soluble sugar content in host
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hlant of Brevienryno brassicas (L) limits reproduction and dovel-
opmont of winged forms in the ephid (Evans, 1938, 1939). |

Moot phytephagous insects studied so far havo shoun the
samg aminpeacid toquiremont 33 ths rat and other mammals. In the
poa ophid, Aggythosiphen pisum (Hérris), rosistant planis of
Pisum sativum (Le) lowor concentration of amingeacids eccur in
rosistant than suscaptible lines (Auclair, 1957). Voristsl rosise
tance of the peg plant, ggggg,sggiuua'(ta) to the aphid;
Acyzthosiohon pisum is correloted with the relative proportions
af anino aciés and glucoso in the tissuo of rgsiatanﬁ and suscupe

tibla varietias of Psas ((Maltayis and ﬁuclair, 1957 ).

Plants doficient in essontial minsrals naéded by insocts
may in addition contain o typical ecncentrations of erganic SOMe
pounds than can affeet tho growth op roproductive capacity of the
insects feoding on thom. Barkes and Tauber (195a)-report5d‘that
nmag aphid exhibit lousy roproductive capacity on plants defPicient
in calcium, magnesium, nitrogen, phcaéhasus and gutasaium. Allen
and Sslman {1957) observed ths ogviposition zats of the mus%arﬂ

boetln, Bhgedoa vizidy (Medsheimor) on wstorcross leaves

{Mssturtiun spp) docroased when nitrogon, shosphorug, pPolassium or

iron congentraticns are louwsred.

Proference, suscodbinility and rgsistancs of plantaz te
insocts ales depends on the plant®s chamical composition, its
morphophysiological congition and various other stimuli vhathor
visual or olfactory, which are presant in tho plant. Varistal
rosistance of many plants to various imsects was primarily due

to its varying chemical composition (piiﬁsnﬁel, 19675 Way and Purdle,



12

19653 tason and Baxtor, 19703 Sharma, 19713 Podoler and Applo=
baum, 19713 Chalfant and Gainos, 1973; Sulliven and. Brett, 19743
Sahgal and: Ujagirs; 1977).

Anino acid composition and cencantration in plant leaves
is very important in the host solsction and prefercnce of the
larvae of colorade potato bestle, gggggggggggg,décgm;inegtg as
demanstrated by Hitchell (1976). Thé'rica weévil, Lissorhoptrug
ogzéoghi;gs, preforred Qauhg‘leavas o? rice plant and lsaves
with high amount of total nitrogen, gluconsnluble proteing,
hemicsilulose and decroesing amsunt of sucrose as shoun by 3Sang

and Tugusll (1976).

Distary amino acid have been shown to infPlusnce the Pece

| ~ding rate of the aphid, fyzus parsicag (Mittles, 1970) and a
‘highar total amino acid concentration in tho diet of boll wesvils,
increase larval survival, growth, consumption and hatching

(Lindig gt als 1981). Cook {1977) roported that only Leprolins
and L~serine from anong tho amino acids tested, alicited feading
reaponse in Logusts miargtoria (L), hoxoss and disaccharridg 8
sugars aroc also highly_stimulaﬁing.

Leaf age and theiyr position oﬁ thas host plant have also
been found to influsnce the food preference of the fall wsbuorm,
Hyphanttia cunsa (Barbasa and Gposnblatt, 197% ). Ags of plant
leaves and theilr zmino ascid coaopositlon affocts the pesrformance
of Bgsvicoryna brassiecas L.) and Hyzus pozsicas. Witrogen and

elomental deficiency also influsnce their reproductivs functions
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(Van Emden, 1966; Van Emdsn gt al, 1971). DOs Silvelra Fonsece
et al (1972a,b,cp () (7)) reported Prom their observation

on silkworms (Sombyx mori L.), that age of the mulbsrry leaf

influence their growth and daﬁalopmsnt, 2lso the feeding frequee
ncy and water, which‘as a rasull produce healthier and hezsvier
cocoons. Younger leaves aged ons months, were suparior in

supporting gfouth and davslopmant than oldar lcavas.

Esh jerg (1970) Pound that mortality of the Pifth instar

of the European pins shoct'moth, Rhyacionia buolinia (Schiff),

was dus to the affsct of the wator contant of the nesdles of the

lodgepole pina (Pinus contorta Loud.), while growth rate on

dried shoots were very highe.

One of the most important aspects of host plant in rolae
tion to phytophagous faaders, sspecially insaéts is the synchroe
nization of their life cyclas with the vegetative cyclae of the
hoat plant, Hérs the ags of the host plant, play an important
role to a certain extent, in regulating various lifae functions of
an insasct faasding on it, hence, the efPact cannot be small. de
Wilde gt al, (1969) demenstrate in the colorado potato bestlse,

(Loptinotarsa decemlineata) that fPemales fad with physiclagically

agad potsto leaves, do not raproduco normally or dispause follows
earlier; and that growing young leaves of potato, are consumad

in rolatively higher quantities thus leading to better raeproduce
tion and inhibition of diapause latsr. Parry (1974a,b; 1976;

1978) found that tha aphid, Elatobium abietinum {%.), seottled

preferantially mors on pravious yasars sitka sprucs neadlas than
on current ones, Furthar analysis show thet current year nesdles

had initially hicgher levels of total and soluble nitrogen lavsis.
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during shaot élongation pariods, but previous year nsedlas and
higher levsls for most of the remalinder aFAthe yeare. Nuantita=
tively amino acid level was felatively higher in the previous
yaoar neadles than in the current onssg thus as a whole affact

the feading behaviour of the aphid.

In Phileenus spumarius (L.), Horsfield (1977, 1978) Pound

- that nymphs select for Peeding young leaves of ZXanthium strumarium
plants with highar omino acid concantration &in the xylem sap which
load to lowsr mortality than leaves with .low amino acid concentre

atione.

Chemical componsnts have also bwen shown te infPluenece the
relationship botusen insects and tha fPood plahts on which the

insacts or their immature stages foad.

Tha effect 0f increase amount of nitrogen es 5 rasult of
fertilization and its influenge on the bshaviour, responsss and
life function of insscts have hsen alsa workad out. Beckham (1970)
reportad on the abundance of cotton insects in cotton Pislds
after fPertilization and Pound that more aphids occurred on leaves,
as tho rate of nitrogen was increassd. Ths affact of nitrogen as
a factor contributing towards resis}aaca of strawberries to mites,
has basen worked out by Rodriques et al, (1970) and show that mite
injury to strauberries 13 corrslated to the foliage nitrogen

concentration,

HHost plént deficient in nitrogen ware preferrad lass than
to those with normal nitrogen congcentration as shown by Sogawe
(1978), this as such lead to lowsr concentration in amino agid

nitrogen in ths plant sap which as a rosult 2fPect the Ffesding



aphid (Lipaphis erysimi Kalt.) influsnce ths fecundity of the

aphid feeding on {it.

Other workers also reported on the influcnce of slamental
levols on various insect responses and biology (Sharma, 19703

8yers and Jung, 1979).

Parry (19?8) asttribute variable nitrogsn levels in Oouglas
Fir as a rosponaible Pactor affecting the population lavels of

Adolges cooloyi (Gillotte.). This fPactor is also associated with

nymphal immigration, the socluble nitrogen leval of the curraent

year neadles uwore higher but docrsase tharoaftar.

The =ffocts of food plants on oocyte growth of Oxya
Joponica, have began found to be significant by Les and long (1979).
Sut of the Pour plants tested, maize (Zea mays) was found to be
the bast food plant, fPollowsd by Axonopus and Cyperus and Jryzag
was thg pooraste These effects ars rolated to the nutritional ‘
protein reauiremant of the insect as well as the chemical conpoe

sition of tho host plant and the amount of food ingested.

Food zuality palys an important rols in the population
dynanice of many ingsects sspscially the psst specisses Shaw and
Little (1977) obtained diprect evidence Por this by rearing spruce
budworm larvae (Christonsura PumifPsrana Clem.) on young fisld

grown balsam fir (Abiss balgaman L.) trees treated to vary the

foliar concentrations of nitregen, carbohydrate and Pat, and
obaarved siqniPicant diffarsnce in larval survival and pupal

wsight. Harvay (1974) demonstrate with buduorm rearsd on artificial
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diet that pupal wsight and lagrval dsvelopment rate wasre influe
enced by the sugar cbneentrations.‘Foliar lavels of nltrogen,

anins acids, sugar and Pat have besn shoun to vary with nsedle
ago, host spacles and host maturity (Durzan, 1968; ODurzan and

Lopushanaki, 19685 Little, 19703 Kimmins, 1971).

Food quality effacts héﬁe also boon domonstrated oith
othar insacts with rogards to Pood uptaks, longevity, mortality,
survival, ?sttliify and roproductive potential (Singh, 1970§
Varshnay ab al, 19715 Pratt st aly 1972; Smirnoff and Sernier,
1973; Carrew ond Betts, 19733 Shaw at gl, 1978).

The rols of ascorbic acid z8 2 fozding stimulant and
nutritional requirement for phytophagous insscts has basan invese
'tigatod.AThcrsteiﬁspnh(1958) found that ascorbic acid acted a8 a
faading astimulant for three plant faoding insacts, the grasshop=

per, Chorthippus longicornis (Latreille), the colorado potato

beatle, Leptinotarsa dacemlinsata (Say.)s and the dismond backmath

larva, Plutolla maculipannis (Curt.). Ito (1961) suggestad that

ascorhic acid wmas both a Peeding stimulant and a nutriticnal

roquirement for the silkworm, Bombyx mori (L.). Chippendsle and
Back (1964) and Chippsndale (1975) shows that ascorbic acid is
necossary for normal developmant of ths larvae of the Europaan

corn borer, Ustrinia nubilalis and Diabrotica grandiosella adults,

if rearod on meridic diet containing no crude plant matariaol.
Vanderzant gt al (19562) have alasc shown that the boll uwsevil,
Anthomomus grandis (8ch), the bolluworm, Heliothis zea (30ddie.)

and ths salt marsh catorpillar, £atiomane acrea (Drury.) all fail

to dovelop on synthotic diets lacking ascorbic acid.
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Oxalic acid was Pound to inhibit sucking response of
brouwn leafhopper (&i;agarvgtg lugens) feading on rice plants
(Yoshihara et al, 1980). Transeaconitic acid was detsctad by Kim
at al (1976) in barnyard grass and this substance show potent
inhibitory activity for fesding in brown leafhopper, H¥ilaparvata

lugans (Stal.). Numate et al (1978) also reportad many such sube
atances present in plants uvhich have anti-fgeding potential and
coumarin presant in all nonmqgresses, as reported by Bernays and
Chapman (1975) is the sols factor responsible Por the unpalatibie
lity of Anthoxanthum to the grasshopper, Chortippus parallelus.

Chang gt gl (1981) demonatrate the inhibitory interactions of
mothylens dioxyphenyl compounds on ths southern armyworm

{Spodoptera eridania).

Abnormal growth-and dovelopmsant in Manduca sexta larvae
was obsarvaed by Rosenthal at al (1975), this is dua to the efPoct
of dist cont ainiﬁg canavalinoe-ureacycle-anino acids. Inhibitory
effacts of amino acid analoguoas on inssct reproduction have been

damonstrated by Hegdekar (1970).

Othﬁ ?actors'apart from biological factors and-the like
which affact qrouth, dasvelapment,; lifs duration and othor 1life
Punctions of insects atc, crowding and larvel density (Ritamura,
19683 ualama and Salem, 19713 Zutahi and Saxeﬂa, 1978) and temp=
sratura, humidlty.and light affacts and ssescnal varlatian (Childs
et al, 19703 Sachan and Bajpal, 19733 Shapire, 1978; Twina, 1978;
Mahla g__g;, 1979, Archer gt g__,, 1980: Honek and Novak, 19603
Papilon et al, 19803 Saundsrs, 1980 and Cox gt al, 1981).

EPPacta of host plants on inascts Pesding on them hava also



18

been studiad by sevsral workers. Doss (1979) reported on the
effacts of host plants on larval duration, pupal weights and
pupal duratfon on Heliothis armigera (Hubn). Barbosa gt gl,
(1979) reported tho effects of host plants on dsvelopmsnt and
survival of the gypsy moth (Lzmantria dispar). Host foliage also
had some influsnce on ths dovelopment, survival, facundity and
oviposition of the spsarmarkad black moth, Rhoumaptora hastaota
as shouwn by Wsrasr (1979) and on thas ePfect of foliage on the
body welight and survivel in the larval of Lithaophanini as shoun

by Schweitzer (1979). The investigations of Mansocur gt al (1981)
on Heliothis armigera and Poonia et 2l (1981) on Diacrisia

obliqua, domonatrate that food plants influence not only the
pupal weights and reproductive potsntial of adults but also the
growth indsx, gailn on larval weight and survival of Pesding larvae

on thelr raspsctivs hoat plants.

EPfocts and influence of various host plant.s,’ on oviposie
tion; larvel growth, adult fecundity and totsl duratidn of 1ifsg
cycla in ingects had been investigated, Chattoraj and Yadava
(1958), on the gram cutworm (Agrotis flemmatra Shiff.); on Thrips
tabact (Lindmen.) by Abdel~GCawsad gt gl (1979, 1971); on
Choristonsura cvonﬂictaéa by Bebkm}.th ('19’?0); on sugarbeet sray=

worm, Spodoptors exigua (Hubn.) by APify st ol (1971)3 on Agrotis
ipsilon (Hubn.) by £1kifl at al (1971) and CleSaysd (1975) and
Thorstainsan (1972). Ichinoas and Sasaki (1975) on Qn__a_g ia
poponis Fabj gnd Vilkovs (1975) and Chand Choudhary (1977);

Tingey and Pillamar (1977) and Barbosa and Greendlatt {1979) on
other ingects. Many other workers heva also reported on the multi=
ple effects of host blant's on rspréductioa§: davslopnaent, fecundity,
otc. Nutriont status and physiology of host plants also influence
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the insact on faeeding on tham, spaclially their population and
other biological Punctions (Markulla gt al, 1969; Mstcalfs, 1970;
Grijpma and Gara, 1970a3,b$ Day, 19713 Orooz, 19715 Finch, 1971,
19803 Gresns and Thurston, 19713 Pos, 19713 Salame gt al, 19713
Salama and Tolba, 19713 Vernar, 1971 Pattarson gt al, 1975;
wWicklund, 19753 Choudhury and Bhattacharya, 19763 Claridge gt al,
1977; Nouman() and “Walkar, 1977 Sale and Luff, 1978; Capinores
1978a,b; Lal and Hukherji, 1979; Me.Farlans andi’Thorstainson,
1979; Ottans and Todd, 1979; Combs at al, 1980; Hollzer and
Starling, 1980; “iemela gt gl, 19803 Surejs and Chand, 1980).

Paﬁtarns'o?‘raletionships Setmaan insscts and thoir food
plants, repponse of insocts to plants had also besn invsstigaﬁad
by various workers. Saxena gt al (1974) and Saxena and Saxana
(1975) worked sut a verlety af insact responsas to various plants

in leafhoppars, tmpoasea davastans and Eapoassa kerri motti 4n

relation to grouwth, survival, ogg production and oviposition on
various plentse. Effect of plant species and organic matter on

feading behaviour and wsight gain of ssveral ingects have also
bean imwvastigeted by soveral uworkers; King (1977) on larvso of
the black begstle, Heotaeronychus arator and the effects of plant

spocles of its feeding behaviour and weight gaine. Scriber and
Fasny (1979) raported on the affscts of growth fornm of Pood
plants on hervibivorous caterpillars and that they grouw ?asiar

and more sfficiently on horbaceous plants than on shrubs and trees.

Meir and Metwsn (1976), Nair gt al (1976) in their host
sslection studies of ths adult cabbage maggot (Hylemye brassicas),

regorted the effects of glucosinclates and common nutrients on

oviposition of the adult Ply,; and that sinigrin and Pour othsr
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Blucosinolatss induced oviposition. The mustard oil, allyle
isothiocyanats stiaulate the flight sctivity of ths fly and
attract them to their source. Glucose, sucrose, casein, wheat
gors 0il and S=vitamins did not influonce oviposition at the
tasted concentrations, but casein hydrolysate inhibited ovipo-

sition. -

Dotheir and Goldrich {1971) domonstrated that sugars
addad to the food of tho bloufly larvas, during their davslopment
leed to an incroase sgnsitivity offladults to seme sugars. Chang

and Philogens (1978) raported the responses of Psylla pyricola to

various polar and nonepolsr lipids of Pyrus spe leaves and also
to various phenolic compoundas, Purtharmsre, only six pollare
soluble and tuo lipidesoluble phemolics i{f presaont in any plant
is gnough to be easily accepted by the psyllid as a host.

In the host plant selection of the horse raddish flsa
bastle, Phyllotrota armoraciane, two flavanol glycosidss are found
to ho the fPactor dhich astinulatas fosding of thae bsotls in combie
nation with glucosinolates (Neilsen gt al, 1979). This agreas
with the Findings 5? Faeny et al (1970) and Hicks (1974), on
austard pil glucosides uwhich stimulates feeding in cabbags Pish
bestle adults, Phyllotreta cruciferas and Phyllotreta striclata.

Fgading stimulation, responogs and bshaviour of insects
in relation to the plant on ghich they feed heve also bean pro-
fusely irwastinatad by many woerkers on verious insscts. Yarlation
in ths lovel cof chemical componsnts and presance of othar chemical
constituents aghich influence ths various behasvioural responses
and prafarence of insects to their host plants has also bheen

stfudtansously investigated (Baker aﬂd‘ﬂnrrls; 1967; 1968a,b;
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Meyer and fiopris, 19673 Gilbert and Horpis, 1968; Baker gt al,
1968; Borg and Norris, 1969; Norris, 19703 Peacock and Fisk,
19703 Hielsen, 19783 Jordens=Rottgar, 1979; Fisk, 1980; Haglund,
19803 and Albert and Jorrstt, 1981).

Studies on food and feading specificity, feoding habits
and evolution of faod plent proferance on phytophagous fnsocts,
in natural and synthetic diets have bhsen workad out by many
workers (Dathier, 19543 19588; Goocdpacture, 19743 Pavlik, 19743
Yamamoto, 19743 Ellis and Hardman, 1975; deSecer gt al, 19773
fiishra, 1977; Saxena and Schoonhovan, 19783 Smiley, 19783 Dothier
and Yost, 19793 Hussein st al, 1979; Wesserman, 1979; Mosor and
Osrtli, 19803 Powall, 1980).

Hoat plant oxtracis wers usually found te be stimulating
in various teat Qith referangs to Pgeding and behaviour and to a'
largs extent on ovipositional responsese. As shouwn by Haisner and

hacher (1972) and Meisnsr (1973) in Spodaptera littorelis and

Pouzat (1976) in Acagnthoscelidos obtectus, thaese insscts Poed on
noneshost plants and aviposit on any substrate containing the
hast extracts. H@ading inhibition by lacve extracts on insects
was also demonstrated by Mafsner gt sl (1981) on Spodoptera

t‘ O 18 ©:

Interralationships enbracing plantearthropod pslaticne
ship as relatad to natural phenomsna was wary complex as viémad
by HuPfaker (1974), especially the interplay batween the plant
hoats and their phytophagous feadars and among ths latter and
their oun carnivorous predators and parasites and at higher

levels as wall.hava had striking influsnces in the svolution of
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species, and in their Punctional, dynamic roles in oxplaining

the population dynarics and anasrgatics of complex comaunitias,

Insacteplant relationships are often studiad 1n culti=
vated species of economic importance while ths thorough knouwledgs
_ acquired in modern plant protoction research is appraciabley the
study of finagscts and plants undar mors natural conditions may add
now data relsvant to an undsrstgnding of tha evoluticn of their
relationship. Herrebout gt al (1976), Schoonhoven gt al (1977),

shown that small ermins moths of ths genus Yponomsuta (Lopidope

tera) show differsnt dogress of rolationship with thoir host
plants which results as evidence to ths clue of their origin and
‘evolution. Furthar works by GorritseHoybrock at al, (1978) revesls
that larvas 5? srnine moths can retain sensitivitiss to substances
found in ancestral food plants, which support the h&pothesis that
members of this genus feed originally on celastracacus plants.
Auerback and Hendrix (1980), as a result of their study of the
insect fern interaction, with regard to utilizstion and specias
arca assoclation indicats that some aspects of ferneinsact asgoce
iations are similar to thoass known for anglospermeinsect intare
actions. Tuo hypothaoses are Praquantly prassntsd to sxplain the
apparent resistance of ferns to insact attack. Both hypothescs
involve chamical constituants of fParns; ono stresses the presence
of thiaminase, tha othsr on the occurrence of phytoscdysones.
These hypothasas accarding to Handrix (1977) and lJonss and Firn
(1978) have their oun shortcomings. Moran (1988), analysed the
cactophagous ingect community on Opuyntia hosts, and.deacribed

the various spacificity of the phytophagous insecis on opuntias,
their coovolution, 1ife histories and the bshavioural adaptation.
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Hicks and Tahuvanalnan (1974), when working with niche
diPPerentiation by crucifer Peasding Plea bestles (Chysomelidas)
show that six closely relsted Plea beetls species in Contral
New York coexist by possessing distinct host plant and habitat
preferences. Van Drggelen and Povel (1980) dsmonstrate by exper=

iments tha relationship betumen the larvae of Yponomauta SpPe

(Lepidopterg) and their various host plants on the basis of

qustatory sensitivity measursd by elsctrical rosponsas.

Hori (1968, 1974, 19753)cbssrved in ths cabbage bug,

Erydsma ruqosum (Matschulsky.) that adult bugs feod mainly on

masophyll and parenchymatous cells of the stem and on ths pod
and flowsr bud of the crucifsrous éood plants, their nymphs fesd
not only on mesophyll bhut alsc on vasular slemsnisy ths youngsr
the ags af the nymphs, the more they Pesd on ths latter clements,
and thét on the injured tissuss of cabbans the peroxidass acti=-
vity increased temporarily but decraasad rapidly plant tissus,
thé acid phosphatese activity and smount of phanol compounds
dacrsassd immediately after the injury but thersafter it uas
restorad to ths lavel of the uninjured plant tissus. %hese-
changss in ths hogt tissue wsre not obssrved in the nynphal feo=
ding but on the adult eonly. The chlorephyll content also dacréa—
sad as a result of the feeding of the adult buge Qith regard to
the change in amino acid components of the host tissue, éeventeen
and Plftoan %inds of amino acids uwarse detocted in the injured
and thos uninjurad tiaéue raspactivaly. The total amount of aming

acids was significantly greatsr in uninjured tissue.

Hori (1971a,b; 1973; 1975b) studied the fPeading habits

and the injury inflicted by Lyqus disponsi (Linnavuori.) to its
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- host plants, sugar beet and rape, which lead to many malformge
tion tin tho host plants on which thess bugs Paed, and also
obsagvad that theso malformations ars ralatsd to the Prequency,
duration and the guantity of fesding of thase bugse. Other lmpor-
tant observations are that the concentration of the thirtoen
amino scids found ariginallylln the hoat plant, l.a. sugarbest,
incrsass romarkably due to injury. Five kinds of sugars were
originally prasent in the host plant and were more abundant guane
titatively as a.rasult of injury, excspt gludosa. Phenoloxidase
activity also increases as a result of injury, especially in the
valn tissuas but substances reacting with Salkovski raagent doce
rease. All thoss changos lead to malformation of the leaf of the

host plant as a result of the fPeading of the buge

WWhan gn insect or any phytophagous organism; encountars
a substrate or any plant in natural or artificial cbndition, it
must FPirst approach 18, then have a test bite to verify uwhsther
the substrate is tasty or not, whethsr it is accsptable to it as
food or not. Then biting, suckings chewing ar albbling occurs
accordingly, followad by consumption, digastion and sjestion. These
are a chain of avents occurring during tho feeding process of any
insect or organism, mhén the substrate or plant specias is Pound
sulitable for consumpticn, thus leading %o nutritiony growth and
dovelopnsnt, tissus repaliry rapreduction and other neccessary
' biological functions, in order to exist and continus 1ifs in

naturve..

The consumption of or Paasding on any substrats or focod
plants should be followsd by utilization of tha Psody conversion

to tissus growth and development. Thareforey wvarious indices like
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consumption, utilization, conversion should ba known so that
prediction and postulation for grouwth could be estimated. Hence,
thess type of studies ars very important Por each organism from
the smallest to the largest and Prom the simplest to the complax

forms.

Studies on feod consumption, its utilization and conversion
afPictencies in relation to growth and davelaopment in phytophagous
feaders {s not vety naw, aspeciglly on thosa spaciaes of economic

inportance.

An ingsct may oat a small or a 1a;ge amount of faod, and
it may or may nat grow or davslop properly. Hance food consumpw
tion i3 very isportant in understanding the various insact
responsas in :elation to their acceptad host plants. Tha amount
of food ingssted therefore have vary important influsnce on body
growth and dovelopment of many insects. Various uworkers have
reported the inPluasnce of food consumption on growth and develop=
ment rate of insects (Jones and Thurston, 19703 Rannar.1197ﬂg Reid
and Greane, 1973; DoVite, 1974; Scriber, 1978, 1979a,b; Vaish and
Agarwal, 19783 Babu at al, 1979; Reddy and AlPred, 19793 Berry
and Shields, 19803 Gupta and Vats, 1980; and Ottens and Todd,
1980).

iJIn many works done on consumption or ingestion of food
by insacts, feeding rssponses and preferencs to various food
plants or parts of the sams plant and synthetic diets, wsre also
studied, together with utilization, digsstion and development
rate. Comparative consumption, utilization studiaé are also made
to understand the preference of insects or their young ones to

plants and to obssrve thse reaultant effact of such bshaviour on
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growth and dave;apmant o?~éuch insacts (Evans, 1939; Waismann
and Podmanicka, 19703 Dale and Chandrika, 1973; BSoldt gt 31,71975;
Erickson, 1975; Braham and. Wittor, 19783 Ratan, 1978; Pram Chand,
1979; Ramdev and Rao, 1979; Capinera gt al, 1981).

Studies on fPood consumption, utilization and corwersion
efficienciass, as they influsnce growth and desveslopmsnt of insects
have attractosd the attention of nutritionists. Hance, sinultas
neously with these officiency studies, investigations have also
been carrisd out especially on nutrients, chamical componants,
and other important plant chemicals, and their influsnce on come
aumption, digssfton,\utilization and sgestion rates, and thele
rssultant eFPscf on growth and developmant of insects in particue
lar, on artificiel dists or natural substrates (Baker gt 3al,
1970; Mittlar at al, 1970a,b,c3 Shaver at 3l, 19703 Flowsrs gt al,
19753 Gahukar, 1974, 1979; and Larsson and Tenow, 1979).

Enargy ralationships, balance, budgsts and gnsrgy flow in
relation to various indices of consumption, utilizatlon, growth
and davslopment had also bsen carried aut. (Erhan, 1969; Lawton,
1970; Tayler and Bardner, 19703 Wightman and Regers, 19783 Delwi
and Pandian, 1979; Kingsoclver and Daniel, 1979; Llswsllyn and
Qureshi, 1979; and Kellaer and Leonard, 1981),

InfPluancs of physical factors, like temperature, photopow
riodism, humidity and other conditiens, sithsr nsturally or
artificially, have boen studiad and their affacts on consumption,
utilization, convsrsion indicss and resultant efPscts on gromth
and dovolopment of insacts had also besn demonstrated esither on
natural substrates or synthatic dists, (€l=Shaarawy and Gomaa,

1975; Ali and Salem, 19783 Bhat and Bhattacharya, 19783 Khalsa
at al, 19793 and Singhal, 1978, 1979).



21

Parasitism and other pathobiological factors have also
boan demonsiratad to influencs, consumption, growth, utilizae
tion and food budgat of éany inéects, hence affecting their
growth and normal davelopment (Cloutier and ackausr, 1979;
Brewar and King, 1980, 1981; flilstsad, 1980; and Espinal, 1981).

Phytoecdysones, horaons analoguss, especially juvenile
and scdysons and density have also been shown to influence food
consumptdon, utillizetion and convarsion sffPiciences of many
insscts, hence affect their growth and devslopment (Shigamatau
gt al, 1974; fytizas and Mourikis, 1979; and Mathavan st al,
1980).

Such investigations wera dona to gathar soms understane
ding about Poosponsas and relationships of insects to their host
plants in artificial or natural conditions whether they are pests

or boneficial in nature.

Tha problem of insect plant relationship as it stands at
prosant left bshind many mystoriss fPor ths applied as wsll as
tha theorstical biologists to solva. A8 & matter of fact, various
aspacta of {nsect plant relationship and related mechanisms

involvaed are still open for further investigations.



CHAPTER 1



Population Density of Pieris brassicag (L.) and Piloris papi
mpntana Venity, in Cruciferous fialda@
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fe%o TUTROOUCTION

The habﬁtatﬁ fop any sposiocs of insccls asro anithor homogoe
nous nop contlnuous. Tho importanco of hobitst otpucturs upon tho
population dynapice of insocto hao boon polntod cut by Elton (§949)
ant oovyo coesntly Dy Southupod (1977)« In coso of insoet plant
3@33&%@@3@&3: tho rolo of plonts in zogulating tho pepulastion
dynonies 6f inscets 4o woll kaoun (Van Emden end May, 1971).

Coning o tho atudy of agx@nec@vamm, choro tho oitustion
is difforsnt feom thoso of aatuesl conditiens, to s cortaln oxtont,
tho problen of dnscet plant mlotienohip io gquiteo difforont. Hore
tho inssels aro closoly cosselatod with thole hRost planto on which
thoy ovipasit, Peed and grow, although thio mey diPfor in gomo casese
~ In this study of incoct host plant relostionship, Plerds buttorflies
togothor with thols host plonts bolonging to the Pamily Cwéﬁ.?maa,;
aga teken into account. Plopds be mfa&m {Lo) ond Plords napd
?zmn%ﬂm UYonity, both aoro soleetod ao roproscntotive cpeticoe

The buttorflics bolonging w’m gonus Plords avo often knoon
as posts of cruciforous vegstoblos. Roong éu tho spocies of this
gonus, namoly, Plorle braosiess (Le), Pilepis rapas (L), Piceis nopd
mnﬁw (Le)s Plopds nolato (Le)p ondy m beasoleco mﬂ _m '
rapeo ovo woll knoun pootae Theso téﬁa spoelas of Plorls lay aggs on'
eruciforous plonts ond thoir young eass Pand on theso vogoteblos,
ghile the adults live on thy nocter of verdous Plowarding plante.

Piapis brasoicay (L.) or commonly called the laggo cobbdago
white buttorfly (Plato 1=4,C) &s vory conmon and {9 Pound ia tho
Ingion poglon oolnly dn tho RNertheEsotorn #illo of Indig, tho foote
hille of tho Himolayas, tho sz:%zgma_ nopthogn ploins of Indis and
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Saluchistan. In éwnpeg. 1% o vory commen in Beitain and tho
Seandinavian countries and is else found in tho Moditerrsnoan
sogion including Nogth Africa, excopt in Caypt (Rivnay, 1962,
UyntopeBlyth, 1982). |

Plords nani contana Vonity comnonly called ths small cabbage
émw oy dask volnsd butierfly (Prate 1=8,0) i aloo v;ézv common;
4t is Pound mololy in Busmo and Sikkia, but it aas alserdcorded
-+ froo the m:aalavém foothills and ths hilly soglons of floptheEast

Indio (WyntorsBlyth, 9982).

Both those opacles faveur hilly reglon ond mountain sito,
andithey aay be Pound in aroes choroovor crucifor éuluvétion is
eomons In Shillong both thosa opocips aro vory common, espocially
tafore the a@pmash of summor $111 tho boglaning of cold' wintar «.-g.n
' thess aposs vhoro culfﬁivauon. of cruciforous czops ora hasvy ond
even in coall kitehon gardons.

| #apulation dwnaéim of 2lapia ;sg.r"-p).; have boon atudiod widely?
and mast of the studias gro c'as.mﬁed out oimultangously with the
wauabiutv of %33& hast plants in naturel conditions. a‘lmaum
(1970) dooceibed tho Plorides community in Japon and a!afa thoir
ccBlogical csparation aith im-gam ta fooding sites and fond planto.
1to gb g} (197%) gave the footuras of the population dynaniso of
m Bepag Q&M {a'aiad;) an(] intzaducod poot in Okinouws
basad on yons yeor survey. Ghsski (1979, 1980) geprosantsd a conpae
~ pative study of thren spocios of Plopdd buttorflies, Plseis papas,
- P. onlots ond Pe ngpi in relotisn to tholr wi@siﬁnn ‘plants,,
nactas plants and teoting sitos In Alchi profocture. Furthowaora,
Yamamato (1977, 1572} ropostod on the nuthor of oggs laid by Piorls
aspl npsis and 8. popes crusivors in Sapporo, Japon.



Explanation of PLATE NO. 1.

- Male of Pigris brassicag (L.)

- Female of Pieris napi mgngana Venity

- female of P;e;ig b;asg; ag (L )

- Male of Piaris ILJg_ ggtana Vanity,

- Fesding last stage larva of P.'g. mgutana Vsnity
- foeding last stage larva of P. bxass;cag (L )

0 MM MmO O Do
'

- Fupal cases of the larval parasite parasitizing

H - Adults of the'parasite parasitizing P. n. mgntana
Venitye.

1 - Parasitized larva of P. brassicag (L.) with parasitic’
grubs. ' - ' | '

J - Grubs of the parasitic‘hymenapferén'(Rganﬁegeq

A glomg;atug Le) - -

K = Pupal cocoons of A. glomeratus (L. )
L - Agantelss glomegatgg‘(L.) adults
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Ashdy ond Pottingor (1974) roported the natural population
rogulation of Piogls zapsn Lo in too Zealand and. Jonos g§ al (9950)
:cs:ﬁ- ita long agmm‘mm% in Australise In B‘x‘itaim. ihs aeology
of ﬁmm (Lo} wao corhod sut by Loss and Archor (1974). Eonel
(1972) roported on tho diﬂmm of 2%
Vigointe, UeSoflep chilo tho host plonts of Amorigen whito buttore
flios (Ploridao) was roportod by Bowden (1971) and Shopire (1573) .
Sardinar (3974) roported on tho cotedlishmant of giggtié brasoieag
(Lo) a9 o post &n Chile.

ords gpenan in South dost

Dthar astudico oith sogord 8o nating, host s'elee?dmi,. flouse
viziting boheviour, atuld longovity, reproductive potontisl ond
haobitat sclostion of Pioris papag havo aloos hoen ropostod (Obahars,
19703 Obahora gt gls 19743 Miydhamo, 99763 Suzuiki, 19783 Jonos ond
lvos, 1979} ' |

Sinco not cuch worlt has baon dono on tho population dynamics
of w beossicas (Lo} and g..' ngpi manteang Yonity, tho presont
| ‘study was tokan u@ with a viow %0 Pind out population Pluctustion
during diPforont contho of the yooe 4n relation %o physical ond
biolootcal pergmters in nsturad conditions. |
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92, FATERIMS AMD FEYIDLS )
| P
Aroas avound Shillong (9797°C = 2000°0) and 1ts subugdbo woro

choson as otudy oites. Susvoy of cultivatod crucifers in diffosont
si%05 was primapily dsno ond those avoes with hoguy cultivation
only wore choson for Piold surveys. Pepulation study wos dons only.
at ona arsa, that 45, ot Soit villago, chout 15 kos. Prom Shilleng.
e village i locoted on tho couth ef fhillong plaotosu and very
cloce to Shillong pock. Its sltitudo do epproxicetoly S0U0=S500 7t.

fron cos iovel.

in thio villaga, thoro s o lazge oroa oF cpproximately 4 oqe
koe which is uwio for cultivation of vorious crucifozous vogotadlos

1ike cabbans, Sraazics olewéc@aa vep capitata (L.); couliflome,

8zsssien oloragoso var hoteytis (L.)3 mustord, frassica campootzis
var ogrson Preiny rvaddish, Raphonus sativus (L.); Lottucs, mﬁ?&
indica (L.); &knod khol, 8zasalea oloroross ver @ng’glhm (Le) ans
sose atmﬁ opopo like rice, Uryza sobive (Lo)3 oolze, Zgo moyo (L)
and gotato, Solonun tubswosun (L.). The sits selectod io hilly with
soms Plat land horo and thorg, and is thialy covercd by tross sueh

as pingd,s fﬁim kjea:&ya (L.)‘..'

Population study was corricd out Porthnightly. Population
sanpling was dono only during the aftopnoon ond sampling time wao
only 2 houes feoe. Pram 12,00 €0 2.00 pen. Duzing thio tios allottod,
tonperatures humidity and roinfall obsorued in tho Pleld were

rocordade

 Sanpiing of inscct population was carriod out cecovding to
tho mothod of Richards (194D), choro ondy tho lapvel otages and
0609 wore takon &m account. Tho abasluts daasity of lgrvae and
ogys wns Fecordsd randenmly Pron SO plants in tho ficld chothor the



plants oro in cenocultuze o mined cultugo plam;j Larvas and

egss uaro dircgetly éamma An aify Prom cash plante. The m
adulis :Pl.yi-hg dmrkﬂg tho olloftod Mma woo ostimatsod visually
Pallooing tho cothod of Bapms ond Bgenos (1954) and chahod and
unshaded plots (Furray (1963) coro slso surveyod dn the hill
oides and olopos, Por ongo, lervas ond a@l&s&. |

IO @?
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fe3s RESULTS

Yho tuwo yaar populatisn 'zmwav {Joptonbne, 1979 to Februaeyy’
1982) of post insncts of csusdforsus crops, nomaly Plosie brovsicao
(Lo) and Pioris nopd contana Vonity ot tho study aros, vovooled
oany fntogenting rosults eegaﬁiss&lv in zelotion So physical gmﬁ
biologicel 7actorse | |

1.3.1. Population donaity of 8099 |

. Tho population study of ogee of both tho opaciss during the
yoar 197@ ahoms Shat in tha menth of %ﬂm? and Cctabor, tho
donaity eao in climax, but slash down in cese of B. bzgsgigag -
during tho otart of tho Pollouiag yoar, that is ?9899 On tho othm
hand, in ease of P« nupi confana Vonity 4t 4o vovarsude Tho mg.ﬁg-
tion donoity of om agaia ma:s at posk for both tho aascies fm—mg
¢he month of August end Saptombor, 198D+ In cese of P. beaolcan
it drops dosm in Novombow gnd Docamdor, chilo this wes not. ebsorvod
in Lo napd W Yonitye. figoin in Detodbos anﬁ Hovesbor, ‘39&1;;. Lho
population donoity of ogos of both em species wan ot maxisum, dDut
deoppod doun m:eing-‘ thy ond of tho vaas (m;g_.; 18)s

tmmaratﬁv@ly %ﬁm d@mﬁ%y of ango of D, , fean wan unifope
mlv highor than that of Po @‘ aontang Vonity. During tho wintor
montho, Jomuaey=Ffobruagy, tho donsily of oggs wes a.ew low in beth

. TS

tho sposies and this wugs also obsorvod during tho sumsorp months
from Jung o July {Figes TR).

The populstion donsity of larvse of both tho spoelos, wad
aboprvod Bo vary dusing 4ifforont months of the yoare Tho lasvol
donsity was vasy high dur-mg the monthn of Soplombor gnd Gctobar,



1979 1n both tho spoeiss studiode Tho larval donsity droppod
ﬂuri;ng tho mpnths of dprilsfugust in ths year 9980.

In 198D, agoin in tho contha of SeptcmboreDocembors tho lare
val donsity of bhoth tho spoclies was ot poak, this was also sbsorvad
in tho yoor 190%. During wintor, tho larvel donosity was alwsys high
in both tho opocios, but this ls rousrsed during the suomor (Fig.
18).

23.3. Adult populatisn.
Tha nunbor of odults of both tho spscies aloo vary dueing
tho difforont monthd of tho yoore |

Buring tho porlod August to Docembor of both the yeor 1980
am 1981, the rumdor of adults of both the opociss was ebsosved o
' bﬁ; at cumzm,, mm _di;m;’m doun dueing ths eazly suynaor, duping &tho
poriod April=lduno. The adults of 9. nopl montans oore ohsesved 2o
. bo olwmays more in numbor than gha& of 2. b - but éwasé is o
uniforn fluctustion of %her number of both the specion throughout
tho study p@&im (Fige 2)e |

The e yosr population sugvoy of theso Ploris sp. shous
that tho adults do ot Povour summow conditions, but proferred
_mmwm{ This 4is corrolatod with tho aveilability of fPood plants on
chich thoy ovipooite Moot plant avollodility wss movo curing the
winter t’mn ﬁcﬁaimz@aﬂm but mgiﬂg the sumaer;. host planto
wore otill in nupsarias and not aveilablo to tho adults in the opon
fiold conditions {Tablool).

To3.80 Population donoity of oons in Folstion teo physicel ?actora.

Avazage monthly focords of touporature (maximum and minioun),
ralnPall ond bunidity, wovoal that thore 45 a close rolstion oith



~ Fige 1 Average absolute dansity of egge (A) and lapvee (8)
of P. brassicaa and P. n3pi montans gvegxfty, |
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Host . plant a#ailabiliby in the study arsa during diPferant monthe
af tho year.

AORTHS

PLANTS JR% FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

fra apuew

Cabbage
(Brassicacleratss 4, w o o e, + o 6 2+ ¢+ + ¢
~vare. capitata L} 1oy

Caulifliowar
(8rggaica alaracsa

vaTe botrgtis Ly

fluotard
{Brassica campasteis _
Var. barson Prainy T T T S = = %y 8y ¢+ 2 2

Knol khol

(Brassica oloraces _ . o :
\]mat. e ‘—-—‘T’)lﬂdQBA - '? "Q» . ON ‘4-:\3 +* & 3§ - o o o ®
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Fige 2 Numbor.of P. brassicag (L.) and P. napi mgntang
Venity asdults present in a unit tims.
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ayorane ogg donsity In the Pisld. During the wod suzmar period =
Juncefugust (Fige 3A) of toth tho year 1980 and 1981, tho avoraga
ogp dennity was very lew in both tho spscles, but as the vintorp
gaason with 1ou rainfally from Saptembor o iv'»:sbrisaw mm:issﬁag tho
a9 @mit&j was vory high An both tho aspociose.

Yith rooagd to hunidity (Fine 3R), «han it wans high duping
SuTmmaTt, AYoragd 003 donodty was chsosusd to b aluays low in both
ths butlorflies spocice, but z:’:_iﬁ,h tho ceming of low hunidity pseiod
during tho winters tho ogg @ongily wuss ohsorvad to bo vory high in
bothe

In rolotion 20 tomporsture (Fige 58), tho cverago ogg donsit
of both tho spociss studiod, bears o diroet rolationshipe. Durdng
the hat .:iwsﬂn, from flay=Aucust of tho year ﬂ%{i and 1981, the done
aity é‘i-" eg@ af both tha saacie;s s vory low in gacparison %o tho
c¢old szgssn, Pran Dotobor ?.d Jonuary of 1982 to 198%.

.103.:9,-_." Population donsity of larwao in zolation to phyoical factoers
| Tho svaraoe lesvel dansity of éxe@h tho ’spac;es studiod rave-

ols o dirost rolotionship with the physicol faclors like vainfall

and hunidity. During the wst surmer, i%y-ﬁugu&t, e density of

larvan mas wery 1ow in ceopazison 2o the dry wintor fronm Ueltobor o

January of both tho yaarse 1980 gngd 1981.

1.3.6. Iho autor of adults in pelation to phyodcal Pactors.

Tho visually estinated nymdor of adults of both tho opacies
shous o direct rolstionship to physical facters liko rainfall and
humidity. The munber of sdults of both ths spocios Plying por unit
' cim,waa ﬁew high 3&-0 tho months of Soptochor %o Docomhor of tho

sazpliag porlod, chon physieal Pactors liko cainfall and hunidity

7 .



Fige 3 Aversge zainfall and humidity (A) and Tempegature
(B) in differcnt months of the sampling petricde
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thors e mamtﬁvaly low. But duving tho mmhs of Y"%av to Juvly @?

tho ogmpling porisd, tho mrzab:xr of adults ?Lyang 45 vary lew, when
high hunidity and xa&m’a&-& emwi%&@ns pravall dn tho fPlolde

uith sogard ©8 tomperatuzs, tho highost nusbor of adults Plpe .
. inn was choprvad during tho oonths of Soptochor to Hovenbor of tho
sampling yoars 19331 983, in both tho opocins, whon comparatively

. lewss tomperatuso ';'pi'z?mzaﬁ:ns in tm fiold. thile during tha het summoe
June to August of tho yoar 1980 and 1989, the nushop of adults Fly=

" fing was ﬁb&;ﬁ:@ﬂ to s vory loo and ssmotinns coma €0 @ a%em&atﬁn
in both the srpoeies@

H4tY) pogard %o cwipositional mﬁ’am@ in plants of shadod
and epon 2veav 4n tho Piold, both tho specios of buttorflies, oxhie
bited preofoconco em& plants grooing dn opan than in ohado (Flg.d).

in coso of cabbago, ths adults of both sporiss shows o tonds
ency ta ovipesit on plents growing in the opon than in the shodod

| avgase Tho parcontage of plents ovipositod wos alwayo high in tho
opsn areo in comparicon te tho shadod oass, capeclially duping tho
winter oonths. |

Tho sdults of both sposics of butterflics oxhibitod oviposis
tional praoforonce tosards eculiflower plants growing in tho open
than Lhgoe in chado. The poseentage of planto ocvipositsd in ceso of
couliflowss wos bigh in tho opan aress than thoss in shadad onos,
sopoeinlly during tho cilnteop aontha. ' | |



Figs 4 Pozcentags of cruciforous plants oviposited in

shade and gpen agsas.
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Te8o DISCUSSION

In tho ;:mmnﬁ &hsaevaum, hobitats ef the tw 9&@3&@ %m?.eo

- orflies studiod, f.o0. Plopls beasolean {L.) end . %mﬁaﬁg

. Vanity uwwe qualiPied by oviposition planto, hunidity,. tonporaturo
and light conditienn, all of which seom to mwa&aﬁmky influanco
the population strusturo of tho adults, larven and oggs. In both the
spacies ovﬁpﬁsw&m planto esmm gosteicted o cruniforous :mgetabze&
_anly, but for nactor rosougess adulis :ﬂﬂm:} choooe 213 tho flows
oring plants svailablo in gnd oround thole hobitats. In case of
Maéﬁia brascicag, comnon oviposition baaraw cultivatod aro cabbago,

B,ﬁaﬁaaca olerazage var capitots {L.): couliflowsp, Drossies olopaecan
var boteytis (Lo); mustsrd, Brassico compooteisvoe sawssn Prolng
knnl khbx., B8eassica ffa_lm'aaaam var gonngylodon (L.) and sonetines rade

-dish, fophonus oativus (L.). But Plozis nopd montang Venity is Pound

to oviposit nalnly on cobbago and cauliflows onlye. Thw @ay bo duo
to tmat pxant sgac&?&eﬁw oxhibited by all f’iemﬂe 99. goth tho opos
cigs 05’ buttorPlise proforred sunny conditionse. This cmmhmcat
with tho otudy of Ohoaki (1979) with Pe gapao (L.).

hagsodgen, femaleo lay ogge 4n batchas or cluotors
which range Pron 30=-00 cggs pon bateh while P. nopl contana Vonity
.Iay a;wa: ogse oinnlye Thus the ogg laying bohaviour of beth ths
Aamcﬁaaf difPer.. Proa ono anothor, and ﬁh&a 10ad to tho varfation of
avorage ongg donsity in both tho -s;xaemm The nuohor of oggs loid perp
of deas, than &n 2. good raatgna
Yonitye But tho distritution of oggs on o singlo host plant is moro

fanols is %hé:é%m groator in Pe hgogr

unifaorm in case of B. napl montang Yonity than in P, brassicon,

bagauso o053 of Pe nopd contang Uonity hava boan found Proquontliy
in o sinolo boot plant ¢han thoss of P. beasoieans Po azpi oontans
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Yenity is asre stratogic in gy loying, boceuss tio fomolos lay .
thoir ogoo singlys oo thet tho host plant on ohich thoy are loid
oill @ruulda all tho ngocossary moods for Pending, protoction fProm
natural enonics and moze eha&%ar to tho davelaptng cago and lasvas,
but in case of 5. hta&sscae thgre io gluays crouding ohich leoads to
insufPiciont Food oourco Por thale lesval stagos, oasy proying by
natural ewanies and less sholtor Por ths ogys ond doveloping larvas.
,éoth ﬁhs sposiaa loy %haiw'égga on tho vonltzol oids eF ﬁha loo? of
thole hnet pxawts 2o glve ooro awa&getioﬂ to ths egga and davoloping
',vaung ORO%e: Thﬂa ﬁs alunys o@ﬁeeved ia thoso opoclos and 4% 49 the
Panale mhﬁch is respnnﬁszQ for susch protsciive behevigur in notural
candaﬁﬂons. |

Both ths cpocles of butterflics aro commonly found during tho
w&n&sm and ganaeakly atsont aueang tho surer copacially in tha
mnnzha of Juno .ond Euly. in tho study arooe fh&e is bocoucse of tho
nyosonco and obagnco of thaoir h@s% plants. Crusiforous wogotables
boing ths winise drep aﬁ'shalleng ésea and its sudbupbs, gnd tho
cultivation io a&aa camman dueing thooe montho, honcs thaso butters
flios . elao synehranisad thoizr cetivitiss during unaae months onlye
Thosofore, tholr numbar durlng tho uintor excosds thaot of the sunnor
which su@ponbé tho choorvation of Chow () 1979, 1979) in Plopis

ape. Hongo during the wintop seassn, 4=6 gansxaﬁ&bns of £. brasaigan

and 2=3 gonorations of P. ngpi montang Yonity could be gbsorvad in

 Tho populstion survoy of adults boosd on visual ostination

shous that adults of Bloxds BRa9ES:0, 1o genogally 1eas then thot ef

P napi mentans Yonity. This may bo otteibuted te the immatuzs death
of the larvas dug to thy cold ointor ssason which i3 ocvidont that

larvao of P. napi msntans Vonity aro @oro cold rosistont than thoso
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of . btrooalcan adulta. In gonoral, 2. bEasoicas loy more ogge at
a tico than P. nopl contana, oo that the ctrategy will compensoto
tha larval deoth §n natural conditions, Shus tho population of
aedulto io cove op 1699 smfaii&zed.

ﬂnsﬁ_gxanés'plen&ad in tﬁe-apaw Pisld azoas age QOro suscaps
tible to ovipsoftfon by both tho opeoclos of btuttorflies, henco loed
to cove damogo by thelr larves. ¥hilo plonts planted in tho shodod
fiawé ago loso ouscoptiblo to damago by the larvas of both the
spaciase ms s.sfb'aée'-ausa both theo spacins pm?erm plants groving
in tho opon gros® uspocielly vhon tho arcs is sunny during tho winlos.

%ny gthop physical ond M@xagﬁcal factoro do play o sole in
tho population dyngoics of insoct opocios. Gisssed snd Jonos (1977)
attzibutod sgo ond wagthar a3 responsiblo $Pegtors afPacting oviposie
tion ;ﬂ-g@'gagggp Soasonal cortality and donsity rolated dispprasl
| are also taken into eucoxmt by othor authaéa (Exsoy and Rabb, 19703
Shapisa; 9970, 19753 Hatt gt al, 1979; Ei'axgmst@&n,. 1988) a3 factors
w@tﬂaﬂng population Plustugtion in buttopflios and '&@im lopval
otognse ' |

%x‘asiﬁizatidn by insoet parasitolds (Hradleioh and Ilwantsch,
' 1930) aloe sfPeet tho population dynamies of Piorid buttarflico.

Yarietal influonco, nitrogen vsriotions in host variotise,
- elso 1o a veery importaont’ factor contzibuiing Sowards Fluctuations
in inaset populstion (Thosguem, 1981asb5 Foyors, 198%).

Although inferastion kesp on Flouing olth rpogerd to foctogs
influonsing inosct population stgucturs, thoro aﬁé many otheor chich
age yob umaxplorod, oisce an organism @eactis- gifferontly to tho
omrigonzont 4t io oxposaod S0, and this varistion is obsorvod to vagy
gven smong differont imdividuals of tho some spaciscs and fron spocice
to gpoeiose



CHAPTER 11



Life Cycls studiss on Ploris brassicag (L.) and Pigris napd
mgntans Venity, and Comsumption, Growth and e..colcgical conuarsion
afficiencics. of the layxvae of P. b;assigag {Ls) in prslation to
their host plantse.
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2e1. INTRODUCTION

A great deal is known concerning the qualitative nutrie
tional requirements of insacts. The quantitative aspect of
insect nutrition, howsver, have received little attention, and
there have bsan few studies on the rates of intake and the
afficiancy of food utilization. In particular, relatively little
is knoun about the consumption, digestibility and efPficiency of
conversion of dofined diets. Quantitative works with artificial
dists has usually received mors attention, especislly whan it
concerns cortain nutrients: This dsfinsa the rslationshin betuasn
the requirements for particular nutrients (Sang, 1956, 1959), but
contributas nuthing"tn&a?&é‘food intaks; absolute renuirement or

the efficiency of food utilization.

Insects as a group fead upon a romarkebly diverss 1ist of
qrganic substancess At the same time most species show a high
degrass of specificity in their choice of Poﬁd« This may ho &ue
to natural selection and competitiony; which drivas certain
specles to a more specialised food supply that they can use and
utilize mora officiantly tham its competitors (Gordon, 1959).
Navérthelass, the qualitative nutritional requirement of aqrowing
insacts sesms to bes relatively uniform (Frasnkely 19533 Mouse,

1962).

Mpasuros of consumption and utilizetion have playad
little part in the classical studies of insect nutrition,
although their usofulnass in this aspoct §s obviocus« For sxample,
instances of poor growth may not ba dus to ths 1a§k of nutrients
in tha Pood, but may be dus to a low rate of consumption. Msase

uras of conaumption and utilization con give an indication to
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this, since the pattarn.o?(?htilization nay be differont although
the Poods are similar in their shility to suppart growth.

©o

Ons of tha major concerns q? modarn ecology is tho elucie
dation of the biotic relationships within and betusen comaunie
ties. A knouladge of ths food efPiciencies and enargatics of
insects is thus of particulsr importance to scology, since in
tarms of sithar biomass or numbar, insscts ars a3 major ccmppnsnt

of almost all teorrsatrial communitias (&nge;mann, 1966) «

It ssems apparsant that adaptive nutritional diffarences
must be sought on a quantitative level and that a masaningful
comparativa nutrition of insocts will]) not emerge until quaenti-

tativs studiesféré emphasized.

An undei&tanding«oP insact acalogy has begn hanpsred by
an inadequate knomledge of autritionsl physiology. The affocts
of food qualitf-upén physiology snd behaviour and at the popu-
lation and acosystem levals are too oftan naglectsd. Hutpitionel
ecology is central to proper interprotations of life history,
feeding bohaviour, habitat selection, dsfence, growth and reproe
duction, both in scological and svolutionary time. Carsful cone
sideration of the present and future information on this topie
can lead to batter predictive capabilities in both svolutionary

theory and pest managument.

3ince Waldbauer's sxcsllent review of 1968, many rossar-
chers have besgun to usa the quantitative nutritional approach
in understanding the inaescts nutritional physiology and ecology.
Several works have boen raported by various workers on this
aspact, sspecieglly on insscts, bslonging to Lspidoptara.
Chockalingam (1979) reportsd gn ths food consumption and utilizae
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tion in Pericalli®d rieini; Krishnan and Chockalingam (1981)

raported on the influsnce of Pood quality on the food utiliza=
tion and growth in Pericellia ricini. Both the studies indicate

that the different food plants influence ths consumption,

digestion and grouth of Pericallia ricini.

Similar results are reported by sevsral workers for
lepidoptaran insecta (Mukerji and Cuppy, 1970; Perumal gt al,
18723 tathavan and Saskeran, 19753 Dhandapani and Balasubramian,
1930). |

Slansky and Fasny (1977) in their uwork with Pieris fqpag

{L.) raported that the growth of tha larvas of this butterfly

is limitad by tho availability of nitrogen in their food plants
and that ths larvae consumad the lsavas with low nitrogen, Paster
and uvtilizad thgm more afficiently. Several authors have also
reportad on the influsnce of nutricnts in ths lsaves of food
plantsy on the 1life cycle, growth and utilization efficienclies
of lepidopteran larvae (Welbausr, 1964; Soo Hoo and Fraankel,
1966a,b; Mathur, 19663 and feeny, 1970).

wWith regard to Piexis brassicas (L.) a common psst of
crucifors relatively very few worka have bsen carried out
espacially in relation to cheAe?Peets of host plants on its lifs
history, growth and other conversion efPicisncies. Recsntly,
many reports heve coms from varicus Pields related to Plexia
bragsicas L. and most ef thess works concern growthg consumption,
assinilation, utilizatibn, dovelopment and other varied gapects
of physiology end nutritions Varlous workers repoftad on the
process of malaniéation, dispause and Pactors governing thsse-

metabolic Punctiona (Bueckmann, 1971 feltwall and Yoladon,



19743 Kayser, 1974, 1979; Kayser and Angarsbach, 19743 Turunen,
19733 Wuillaumo and Bargerard, 1978; Crozier, 1979; fourche gt
al, 1579; Kim and Les, 19793 Resein, 19803 and Smith, 1980).

Other authors have also reported on.gromth and factors
govarning growth of Pleris bpasasicas. Environmantal factors like
fluctuating tomporature have baen shoun to influence growth of
Pisris brassicage (Wsumann and Heiabach, 1975). Furthormore,
other workers reported on othsr aspects of larval establishamont,
raaring of larvas on artificial die#s supplamented b§ vitamins
and antibliotics, and other aspscts of mstabolism of csrtain phye
siological states of ths pupas and iarvaa of Pieris brassicasy
(Turunsn, 1974; Mauchamp end Lafont, 1975; Junnikkala, 1980;
Laakso and Junnikkala, 19803 'oreau gt al, 1981).

Spaci?ic.woiks on grouthy consumptiong assimilation,
enargotics and othar physioclogical aspecta of different stages
of Piorio brassicas (L.) in relation to its host plants and
othar bilological Pactors like hormons influence, have slso bgen
reportod sspecially by Srihari and Gshukar (1975), Vats st al,
(1977} and Yadeva gt al, (1979). -

With rogard to tho e?Pect,cé host plant chemicals on the

- 1ifas growth, consumption and utilization efficiancics of ths
larval stages of Piexis brassicas (Le) not much work has been
dong, espocially the affect of host plent chemicals like nitrégen.
free sugars and Preog amingeaciday on these life functions.
Samersaw and Garavayas (1973) reported on the mechanism by which
minsral fertilizers affoct the lifalcycle of Piaris brasaigan
lervas, where highlconcantrablon of phospﬁorus and calcium and

low nitrogen content inhibit larval dovelopmant. Furthermore, the
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raduction of nutritive quality of potato laaves fPedy dus to
low protein and carbohydrates contant added more to ths inhi-
bitfon of larval developmsni. Apart from this work, thare has
bean an (iinadequate knowladgs on thé aeffact of host plant
chemicals on the various life Punctions of Pieris brassicag
although a sects

fncluding .o .

This investigstion was taken up with a visw to Pind out
the role playsd by various host plants in regulating the 1life
cycle duration of Pigris brassicans (L.) and alse ths various
ecological efficlenciss 1ike consumption, growth, digsstion and
utilization of chemical componants of various host plants on
which ths larvas foad togethor with the chomical analysss of
thosg host plantslaelected by tha fgading larval stages of tha

buttarfly. Pieris napi montana Vefity, also was sslected as

gnother representative species to study the comparative efPacts

of host plants, accepted by B. Brassicas, on ita life cycle only.
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2¢2.7s Life cycle studies.

Froshly 1aid oggs of Pioris brgssicas (L.) (Plate 3=C) and

Pigris napi montana Venity, wers collscted from tha fleld with
part of the host plant on which thay are oviposited. These eggs
ware kept in rearing whits coloursd glass bottles (9.00 cm dige
metaer X 18.00 cm high), lined with wat Piltsr papsr to maintain
humid atmosphers. The rasaring units wore coversd with nylon mash
to allow air to snter inaside and kspt under laboratory conditions.

Time, in days, takan by tho sggs to hatch is recordsd.

Groups af nsuwly hatghed larvae of both species wsre separae
tad from their original host plants by moans of a soft hair brush,
and transferraed to the Pood plants cabbage (Brassicae pnleracsaa
var capitata L.); cauliflowsr (a, oloaraceas var botrytis L.);
knol khol (8. olsraceas var gohgzlodas L.) and mustard (B.campestris
var sarson Prain.), on which they will be vearsd till pupation and
wore kept in the same type of resring units as above. fresh leaves
of spscific host plants (Plate 3=-R,8) wers given sach day te
these larvae. Their fecal matter énd food remains from the rearing
unit were clean dailye. Larval duration, in days, of both spacies
on their specific hogt plants were noted till the pupating porfod;
and the tims from pupation (Plate 2«B) till sdult emergence was

also rscordnd.

All thess rearings were conducted under laboratory condie
tions and a photopariod of 14 10 hours, light and dark period

reapactively. Fiasld observations wsre also mads.
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242420 Studies on Consumption, Growth and Other f£cological affici=~
Bﬂc B3

Piaris hrassic (L.) lsrvae only umre selected for growth

and ecological afficlency expariments and dlf?ersnt larval stages

(Plate 2-A) wars used for this purpose.

Fresh leboratory hatchad larvas of Piaxis brageicse and
larvas collectad from the Pield (Plate 3=0,£,F,G,H) ware sgparated
to determina their stage using hoadwidth measurements. Larvas
having the sama headwidths are clessed as belonging to the same

ags Qroups.

A group of active and hoalthy, larvas belonging to the same
_age as doterminead, wers starved Por ona day (24 hrs.) undsr labo-
ratory conditions, and a roquirsd numboer of larvae from this group
ware killod by exposing to chloroform vapour and then dried in an
ovan (80«85°C) to get the initial dry woight of ths group. With
the other set of larvae, the exparimant on growth and other effie
cienciss wmas carried out. A requirsad number of larvas belonglng to
the sams aqe, wers taken Prom the starved sample and transferred
to paﬁridisihes (1.9 cm high X 14.D00 em diameter), whers humidity
is meintafinad by &at filter paper lining.

Fresh host plants lsaves uwere given to thsess larvas sapare=
tely. Before feading many disce (5.00~5.5 cm diasmater) were out
from the spacific host plent (Plate 2~f£) and soms control discs
were dried in an oven, as done to the larvas, to get thae initlal
dry weight of food offerrsd. To eliminate the error in dry wsight
of the food offerred, discs were cut off from both the halves of
the folded leaves taking their midribs as the middle line. Ones
disc is dried FPor initial wsight and the other is fed to the larvags.
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Explanatién~a?'PLAT€ NOe 2

Diffarent larval stage of Pioris brassicag (Ls)

Pupal of B. bressicag {(L.) .

Undamage lgaf é? a8 host plant

Damsgad lgafe

Oiscs cut out from leaves of host-plants for feeding.
Activexy feeding last stuge larya of P. brassicag (L.)

in natural conditione.
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Explenation of PLATE NU. 36

Heathy but damaged host plaht (§§Q§§§§§i81egacga Var
gongylodes L) |
Healthy, undamage host plant (Bressica Olgrascga Var
botrytis L.) |

Eggs of P. brasgicas (L.) on the ventral side of ths
leaf

First stege larvae of P. brassicae (L.)

Second stage larvae of P. brassicas (Le)

- Third otage larvae of B. bragsiecas (Le)

Fourth stage larvse of P. brassicag (L.)
Last stege larve of Pe brassicae (L.)



PLATE-3
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After a fixeﬁ time perlod of fecding (24 hra.), larvaes wore
saparatad from their Péod and sams of them were killed by chloro=
form and drisd in tho oven to get the Pinal waight. Amount of food
laft and excrata wsro slso saparatsd and drisd as above, to gat

the dey weight of ejeste asnd final Pood left.

In case of exporimsnts involving wot waights, the larvas
andﬁ?ood offarred were weighed hefore ths axperiment to gat.the
initial observations and after a fixed Peaeding period, the larvae,
the amount of food left and the sxcreta were wsighed separately to
get the final observation. The larvas in this case wore not killed,

but anaesthesized by chlorofornm.

These experiments ware repsated and conducted on all stages
of P. brassicae (L.) using different food plants. Weighing was
carrisd out on a monopan slectric balance (K=Roy Ke16) for dry
weight experimants and in an ordinary double plan balance (KeRoy
Pvt.) for wet woight experimenta. Photoperiod; teaperature and

hunidity in the laboratory wers all recorded.

Indicaes of grouwth and consumption fPor each larval stage, and
othor ‘ecoloqgical efficienciaes of conversion were calculatad as

follows Pollowing the method of daldbauer (1968).

Relative consumption rate (RCR)

RCR a-%%- where F = fresh or dry wslght of food eaten (mg)
: T = duration of fesding period (deys)

A = maan fresh or dry weight of larva during
feeding pariod (mg)

Relative growth rate (RGR)

RGR 9-1%r wvhers G = fresh or dey wsight of larvas during
Paeding period (mg)

T =-duration of feading period (days)

A = mean frash or dry weight of larvas during
fesding period (mg)
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£fPiciency of conversion of ingasted fond to body substance (ECI)

ECI is calculated as ¢ oy _ Welght gained (mg) X 100
waight of food ingeated (mg)
CoaPriclent of aspproximste digostibility (CAD)

CAD 1s calculated as ¢

CaD o Hedght of faod ingasted (mj) =Weight of Pasces (mg)_ X100
tioight of FPood ingasted (mg)

gEfpPiclancy with which digssted Pood is converted to body substance

ECD is calculstad as =

tiaf ght gainéd Qngl X 100

ECD = v :
Waight of food ingested {(mg)e Waight of Pascos (mg)

2¢2.3. Analyses of chemical comconents of various host plants.

5amples of leaves of various host plants were freshly colle

ected From the Pield and brought to the laboratory in plastic bags.

Quantitative analysis gf total organic nitrogen -« lLeaves of a host

plant and differant larval stagss of B. brasgiggs were dried in
the oven at 80«85°C for 1 day and poudersd. Total organic nitrogen
was estimated by Micro=X jeldahl preceduras fPollowing the mathed of

'Humphriaa {1956) from triplicete samples.

Analysas of fres sugar and free amino acid - Required amount of

frash growing lssves from the sams host plants and larval stagses of
P. bressicae were crushed with 85% athanol, using a pestle and
mortar, then cantrifuged at 1000=-1200 rpme Por 4«5 mins. Tho aupere-
natant 1s used for qualitative and quantitative analysis of total

free sugar and total Pres amino acid %ontent

Total free sujar was estimsted quantitatively Pollowing the
mesthod of Roberts (1979) using glucose as the standard. Total fres
amino acid was estimatad quantitatively by the method of 3pies
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(1957), using leucine as the standard. Proline iwydroxyproline
wore not teken inta account. Sockman Spactrophotomstar (Model J26)

was ussd Por both analyses.

For quallitative estimetion of Pree sugars and free amino
acids, escending and horizontal paper-chromatographic procedures
arc used following the methods of Giri and Rao (1952) fPor amino
acidé and Giri and Nigam (1958) for sugars. “hatman's No.1 chromae
tographic paper waa usad for both anglysis. Rafargnce aminag acids

and sugars usad, wera obtain from 80H Supplisrs.

Thess astimation ware dona either simultansously with the
Peading exporiments or later if the extracted samples are kapt in

a ref:igerato:.

Tha same procadurzs are alsc used for analysas of excreta

and Pagding PLifPth lérval stages of P. napi montana gggi§x¢
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2.3, RESULTS

20301, Lige cgclg -studias.
Li?e cycle studies oP insects and the efPects o? hnst plants

on tham are reportad by varloue workers. But in the case oP gigggg
brassicas (L.) and Pieris nagi mnntana Uenity both belonging to
pisridae, ueny fow reports are there mlth roegard to such studies.

ﬁukharji (1961) Found that Pieris brassicae (L.) completa its 1ife

cycla in Fi?ty days if reoarad on cabbage.

The prasent study shous that’ Piaris brasaicaa (L ) exhibit a

variation in its li?a cycle if reared on dz??erent host planta. The
duration o? larval and pupal stages di??ers from ona hose plant to
another, although the lncubation pariod remains more or less same on
all accepted host plants as shown in Tablow=2. The incubation perind
of Piaris brassicae is ganerally Pour days whethar in the Pield of
laboratory conditions on’ all host plants. ;

Tha larval duration 13 shortest when pgarad on cauliflouwse

(12.154

$2 2.66), follouad by knol khol (12.3 2 1.&97) and reddish
(13,625 2 2.69) r\“j:. It 4o longer on mustard (14.1 £1.921) and

longaat on. cabhaga (16 2 ,4a) (t;_p

Tha pupal duration is shortest on knol khal (‘16.8 * 5.636)
Follomad by mustard (?8.7 ¢ 3.976) (C e Tha durauon is longer in
gase oi’ caulifloucr (21,231 ¢ 5.833) Pollowsd by raddish (22.5 2 1 5)
| but. longest in. cabbago (26.6 & 14.242) 7.

' If. tho total duretion is taken into consideration, E£E££3
brassicas complete its 1ife cycle, very fast on knol khol (33.33 ¢
4.755) from. the s2gg stage till adult emorgence, followsd by mustard.
(36.8 4 4.069) and couliflower (37.462 3 6.629) (777« The total
duration is. longer when reared on raddish {(40.5 + 2.121) and longsst



Life cyclo duration of Plapis by

3

?ﬂBLE; 3 g ','.
brasaican (L.) Prom the eag otage till adult omorgonecs on

difPoront host plants.

EGG « Ist STAGE

PUPA « ADWLY

Host o xas(;vztgo)svnsg ; TOTAL DURATION WD, OF
7 e + % $9) (7 2 sD) VAT ION

A 640 g 04392 12.154 3 2,86 29.251 ¢ 5.833 37.462 g 6,629 13

B 4e% 4 0.3 1602 - o 2404 2646 g 14.202 46.9 4 15.852 10

> 4.2 o 0.4 1203 4 1,487 608 ¢ 5.636 33.33 & 4,735 10

0 4.0 & 0.0 1801 & 1.929 8,7 4 3.976 36.8 & 4.069 10

£ 44375 & 0,480 13,625 3 269 22.5 4 1.5  40.5 & 2.129 8

= Ceuliflouwsr (Brsooics oloracen vare boteytis L)
= Cabbapge (Brassica oloragsa ver. capitata L.)

= Knol khol (Beassice oloracea var. gongyledes L.)
o Hustord (Brassica campostris var. satoon Prain)
= Roddish (Raphanus sativus L,) :

Numbor of days are repreesnted as moan and standard doviation (#MsS0).

6C
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on cabbage (46.9 2 15.582)

. Tha 11fe cycle duration Prom ths ooy stage till adult cumoes
gonce of gggggg‘gggg,mogtggg vehxéy, dpaa~not show mach varistion
as revoaled by Pioris brasaicas (L.)s The incubation poriod of
gggggg._ggg,mantang Venity, is more or less as in P, brassices 1.0.
four days if roarsed in labozatory or in Piald conditions on @11
host planis.

| The larval dunatiod is slseo very stabls on all host plants

raared'i;éa cabbaqey cauliflousr and mustard as shoun in Tabloe3,

Tha tetal 1ife cycle duration A taken into acceunt, Pioris
@gg_ ang Uaniey. spent tho shertest on cabbaga end mua%ard with
33.83 2 4.88 and 34.0 ;;s.az days respgstiualy, but it 4s longoer on
cauli?&om@r with 36.167‘3 5,398 days. But over all thu total life

‘eycle duzation is more or less stablo on all hoot plants tastade

2.3.2+ Consumption and growth of Ploris braseicas (L.) on various

W LT
feon dey woight oxpopimonts $« The larvol stages of Pieris

.brassﬁéae {L.) axﬁibat o scries of variation in thoir zolativeo cone
sumption rates with regard to difPeront accepted Pand plants.‘ﬁvgd
in tho sams food plant, thax@ ie a difference in food intaﬂé by
difParent atagas of the ?eading larvea. Summarizod here are the

~ different rates of consumption (rCR), gxauth (RGR) end other occoloe
gical efPicioncy of conuarsion of ingeatsd focd to body subsﬁanca
(EC1), tho ccafficient of approxrimats digastibility (GAD) and tho
efficioncy with which digostad Pood is conuerted te body substance

. (ECD),  which ars all voprosented as mean valuss.

DiPPorant lasval stagoo of Bo brassicon (L.) oxhibit difpe

srent consumption gates cvon 4P the larveo Posd on the oame hoot



TABLE o 3

Lifo eoyele duration of Pigris napi montana Venity Prom tho egg stage till adult smergence
o difforont host plants gt 98-23°C Tenmparature and 70757 Humidity. ‘

HOST  EGG = Tst STAGE  Tot < Uth STAGE  PUPA = ADULT STAGE  TOTAL DURATION  gfe.OF
P;Am {1 ¢ SD) - (n g sD) (n g 50} (M ¢ D) ATI6Y
A 8067 & Bo871 12.5 3 1.6 19.0 4 3.83 36.167 + 5.398 6
8 8435 o 0,471 1333 & 1,499 164167 ¢ 5.62% 33.83 4 4,88 3
c 4,0 # 0.0 13.00 2 0,707 §7.D0 g 158 38,0 ¢ 9.62 4

A = Cauliflounye (&rgaeﬁca olorgeng vare boteytis L.)
B = Knpl khol (Bressica oloracea ver. gongylodes L)

t = Mustapd (B,rasaicg eampostrdg var. parasn Prain.)

Numbor of days aro roprocgntod as mean end standard
. doviation ?N 4 SO

19
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plant. Yhan Pod | on cabbane (Beessica oleracoss vur capitats L—«),
tho hlgﬁsat cimsuzap;im rato is oxhibilod by the fPifth stage lazvao
(2.28 & 1.65) ¢ollound by the second atage lasvas (V.8209 g 0,1439)
and tho third stago lerves (3,357 g 0.075), but the loast is oxhie
bitoad by tho Pourth staés larvas {9.0286 g D.645). In rosponse to
the relative consumption sates, tho Pourth stade lervae of Pioeis
 bressigas axhidbited the highast golative growth (0.758 ¢ 0.494),

. Polloupd by the PiPth (0»5282 B.3495) and third stagos (0.4625 2
0.0047) which havo lewor relative grouth rate voluos. But in the
éacend stagn l:afvae,; least gzéwﬁh rate (0.292: + 0.0338) is obsawsq
although the consumption rote ig high (Table=3.1).

=ﬂ'nem tha larvas of o mm aro Pad with cauui’lmz
(arassicaa elaracaae var botrytis L.), the highest consumption rate
1o obssrved in ssgond atags laruae (13,626 2 6.641), ths zato docrose
 se9 in tha third stage (008‘3 93 0.6357) and the fourth stage darvas
(1.368 o 909803). but %hare is a siight incroase in tho last etaga
lamraa 8o PLPLH stage (2.975 Y e.'m). ' o

In responso to the rolative consumption rates, the sscend
stage larvae of 2. brassican oxhibitod the highest rolstive grouth
rato (0.67433 2 0.195), tho rate dogroases in tho thired acage lawae
(9.298‘5 2 a.was) and docreases furthor in tho Pourth stags larvao
(Q.,‘:IGBB & 0.9-0972), In tho f’i-f’th stage larvae, thozo is an ;ncreaee
in the grouth pato (9.526 2 0.0604) which io more or loss equivalent
to tho second stags larves as shown in Tablesd.2)

when fed on austard (Brassice canpestris var sarson Peadn),

the socond stago larves of P. hraosican shows high relative consumps
tion zate (4.87 4 3.685), the rato increases Purthor in tha third
otage larvao (64021 & 1.265). Rolative consumption rato docreases in
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TADLE = 4.1

R@&étiue eonaumptien and gtémth tatoo of diffPeront larval stagas
of Pieris brassicse (L.) on cabbags - Brassica oleracea var.

capitata {L.) at 18024°C and 70=757 taomparature and humidity rose

poctively.
a0 . LARVAL RELATIVE CONSUMPTION  RELATIVE GROWTH RATE
FOOD PLANT  gypgpg AATE (RCR) (RGR) (mg/mg/day/dty
(wg/ma/day/dry weight) waight)
Cabbage 3 1.8209 & 0.1439 0.292 4 0.338 (3)
-~ Ezassiea 118 1.3595 & 0.0075  0.4625  0.0047(3)
ohargens vare .
capitats L. Iv 1.0286 & 0.645 0.758 & 0.494 (4)
: ] 24283 3 14652 0.5282 ¢ D.3415(6)

!

Figure in parenthQsis ropresantsd numbor of observationse.
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TABLE » 4.2

Relative consumption and geowth rates of the different larval sta=
gas of Pisopis bressicae (L.) on cauliflouwsr -Brassica Gleracea vare
botrytis (Le) at 15=249C tomperature and 70=72% humidity.

RELATIVE CONSUMPTION RELATIVE GROWTH RATE

. . LARVAL -- :

FORD PLANT : . AATE (RCR) (rRGR) (mg/mg/day/dry
o STRGES  (mgfmg/day/dry wbe) weight)
Cauliflower 1 13.626 + 6.641 0.674 + 0.115  (5)
?f&‘i%’ﬁ% o 0.8153 & 0.6357  0.2985 & 0.93549 (6}

oloracas vare : - ' -
botrytis Lo w 1. 368 &a.f}aas 0.1833 & 0.0972 (a)
o ~ v 2.076 3 1.782 0.526 & 0.06044 (3)

Figuro in parenthssis reprasontad numbsr of absarvations.
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tho Pourth stage lozvae {1.00 2 0.764), but theres is a i&ttle
increases in tho Pifth stago (2.641 & 1.305). In response to tho
various rolative consumption pates, tha lervse shows high rolative
grouth rato in the socond stags (0,791 ¢ D.168) and tho pate incroe
ssas in the thizd sﬁagaal (1.56 2 0.6'1‘8_) o Relative growth gato w'
vory low in 'thé fourth aeags 1éwae (0.183 ¢ Boﬂﬂé) while the réﬁa
fupthep incroases in ths PPLN stags laweg (0.837 Y 00096) a8
shsmn in Tablew4.3. '

In tha case of z:addiah\(%aphanus sativus L.) tho consumption
ratas of Piagis brassicas (L-,.)> larvas is high in tho second 1-e~eva1 ‘

stages (0.918 2 0.056), but the rate is highost in tho third stagos

(1.366 ¢ 0.945). The eonsunpezm rote doclined in tho later .stages,
in the fowth larvas stages (o 198 3 0.043) and tha ?weh atages
(0.298 ¢ 0.0n1), o3 shoun in Tablowdes. ' ‘

: _In rasponsae to tho varistion in rates of consumption, the
larvae of Pigeis brasgicps exhibit o varxatxon in their growth
rates ot different lervel stages when rearad on raddish (R. sativus).
" Tho sveond larvel stages oxhibit high grouth rates (0.472 g 0.086),
but it is highar in the third lerval stages (B.577 g 0.076). Tha
growth r’atgsﬁac‘l’ﬁm in the later stages as ahémm Sy' thé Poupth .
stagas (04021 g 0000} and aro highor in tho PLPth otages (0.187 ¢
0.009) as shown in Table»a.-a. S

tthhen i'sarsd on knsl khol (Srassﬁcae aleraceae var Qngziodes

Le)p the larvas of 9. bragssicen exhibited very little variation in
TR TP INR T

consunption ratss gs shoun by the secend stage (13.92 & 0,4668) and

tho Pifth stogo lofvao (12.45 ¢ 2.13). In vesponss to the moro or

less uniform coﬂsumg)'t‘lpn ratss &ho larvas stages of Pe brassicao

also ghow uniforn gresmth' ratas. ﬂ'fha secﬁnd atages (0.7156 & 0.029)
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TABLE = 443

welatlve.consumption and grouth rats of different larvsl stages
of Pioris brassicao (L.) on mustord = Brassicae campdstris var.
Saeson Peatn at 15=22°C Tomporature and 68=707 Humidity.

 $009fFLR%T CLARVAL QELATIvE CB%SUMQTIBH RELATIVE GROWTH RATE

STAGES RATE (RCR) (RGR) (ma/mo/day/dry
(mg/mg/day/dry weight) wpight)
 Hustard 11 4.87 & 5.685 0.791 & 0.168 (3)
S8gasalgan g1 - 6,021 4 1.265 1.5 5 0.618  (G)
gampssteis | o < :
vor. Sorson” T 1.00% & 0.766 0.1857¢ 0.008  (3)
Prain © ¥ 2,607 g 1.305 0.837 ¢ 0.096 (3)

Figure in pareonthosis reprosants numbder of ohsagUations,



67

TABLE = 6.4,

Relative consumption and growth rate of difforent lsrval stages
 of Pisris brassicas (L.) on Raddish = Raphanus sativus {L.) and -
Xnol khol < Brassicas oleracea vare gongylodas {L.) at 15=24 sC
Tomporature and 70=725 Huoidity. ‘ ~

FOOD PLANT LRAVAL RELATIVE CONSUMPTION RELATIVE GROWTH RATE

'STAGES "RATE (RCR) * (RGR) (mo/ma/day/dey
| : {mg/ma/day/dry wsight) ‘woight)

~ Raddish II ° §.918 & 0.056 04472 3 0.086 (3)

- 8aphanus 111 14366 & 0,145 0.577 3 0.076 (4)
sativus (L.) v 0.198 & 0.043 8.021 s 0.004 (4).

v 0.218 + 0.00% 0.187 s 0.009 (4)
nol khol | .
B.oloxacan 132 13.12 & 0.468 0.156 ¢ 0.029 (4}

vars | 12,48 & 2.93  0.060 & 0.005 (5)

 gongylodes (L.)

Figure in paronthasis popreosents numbor of cbservations.



68

snd tho Pifth stages (0.060 3,8.009) does nnt show. much variation
in their geeuth valuse as shown in Tablgaﬁ-&.

2:3.3« Censumation and arouth of Piovis bsassicag‘(L.) of darlous
' : then the larvas o? Bieoris

bggsaiggg (La) aro roayed on difforont host plants thoy anb&bitad

diP?arencas in theise conaumption and gpowth pattsrns. :

3ummar£zua helom.ara'th@ difforent consumption and growth

‘rates of the Iaruaava?'ﬂiéris'brassicaa (L@)';n roation to difforent

acceptod Food plants. As in dry weight experiments, the diffgrent
.+ larval stagas of P. baﬁsatcaeAexhibited a sarias of variation in

' tho rates of consumption and growth.

_Ezggggiggﬁgggggglazvaeicansuﬁaithe largest amount of cabbagoe
' 1aéuaa (3.é9 giipﬂé) when‘théy ara‘iétihe sacond lorval atsgo. In

~ the third stages, the consumption rate i lower (1.874 & 0.837).
The.eonhumptioh rote is again bigher in thé fourth stago lazvae -
{3.70% ¢ 0.115)s while the oato docroases &n the' Fl?th larvel atage -
(1294 g,B.Zﬁ) as ‘shoun in TablowS.1.

In responsc ta the various rates of consumption. the eecond
larval stago of Cigris brassicao show the highost grouth rate (0.672
0.e36) Thu third lapvel staga shows a lower growth rate (0.325
.eaa). The grouth rate again is very high in the fourth stage lare
val (0.526 ¢ 0.035), but £tvd§clinss in ths last larval stago i.o.
Pifth stage (0.398 5;9¢093} a3 shoun in Table=5.1. |

then fed on cauliflowar (B. ologaceas var botrytis L.) the
szcend stage lorvas show the highestléats o?-conaumptien (3.4 ¢
1.69). Tho rate is lowser in tha third stago (2.67 s 1.41) and the

Paurth stage larvae (2.507 & 1.358) but lowsst §n ths last stegs
(P1Pth) larvao (1.389 & 0.866) as shoun in Table=S.2.
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In raapénss'tb'tha diPPorant consumption vates, Pigpis
pwgs§icge lasvao show a seriea of variation in thoir qrouth zates
ghan #@azed on cauliflouwsr. Tho socond stago larvas oxhibit a
growth pate of D.412 & 3.135, but the rate is higher in the third
stago larvas (0.606 s 0.537) while it docroasss anain in the
Pourth stago (De585 % D.437) and lowast in tho PiPth stage (0.346
2 0.1 26) as shown in Tablo=S5.2.

Whan fed on mustard (B gaupesteds var garson Prain) and
raddish (R. sativus L.), the Pifth 3£age larvse shows more or loss
ths same consumption rates (0,637 ¢ 0.507) and (85536 & 0.,403) rase

poctively gs shown in Tablew5.3.

Tho grouwth gotes of P. brossicas in the last stagss ware
fore op igsa the sameo when rsared on mustard and raddish with growth
rates of 0.987 & 0.023 gnd 0.233 ﬁ,DcQB'rasasctiuely (Table=5.3)e

than fed on knol khol (2, oloracese vap gongylodas L.) &ho

secend‘stagss’latuaa of P. bzasaicaa showg the highost gonsumption
rate (84546 & 4.59). Hhile in tho third stage larvae, ths rate is
much lower (3.069 g 0.344). The consumption rato is agoin highor
in the Pourth stags larvas (5.099 & 0.143) as shouwn in ToblewS.3.

'In response to tho differont consumption setes, L. bgasgicag
lazvae exhibitsd a difference in their grsmth rotese. Tho sacond
| stago larvas show a highar'gram%h-eate (6,650.3_0‘056), but tho

‘rato is higher in the thisd stago larvas (0.483 2 0.073) and highasté

in tho fourth stage lsrvas (D553 & 0.098) as in TeblewSe3.

20308. Digostibility and ePPicioncy of
beassieas (L) on diff :

ght o

From dey wad. porimants @ The efPicioncy of converaion

ingestod food to body substancos (ECI) is an ocvar=all measure of an
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CTABLE = S.9

Relative consumption and growth raﬁas,oF difPerant larval atages
of Pioris brassicas (L.)von_cabbage « Brascica oleracea vars
capitata (Co) at- 18=23°C. Temporature and 70-75% Humidity.

FUOD PLANT  LARVAL . RELQTIVE CONSUMPTION RELATIVE GROWTH RATE

' RATE {RCR). (RGR) (mg/mo/day/dry
| STAGES (mo/mg/day/dry welight) weight) o
Cabbage 11 3,89 & 1.06 0.672 ¢ .36  (4)
e 01978098 441 1,874 & 0.837 0.325 3 0.084 (5)
vare. capitas L o - .
ta (L) IV 3.710 £ 0.915 0.526 2 0.035. (s)
| v 14299 £ 0,20 - 0.398 £0.093 (4)

Figure in é%tanthesis ropresents numbor of obsorvations.
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TABLE = 5.2

Relative consunption and growth ratcs of difParent laxval stagao

of Bierds bpassicag (L.) on cauliflower « Srasaica alasacon vars
bohrzgis (L.) at 18=23°C remperatuse and 70757 Humﬁ.dity.

LARVAL RELATIVE CORSUMPTION RELATIVE GROWTH RATE

FOOD PLANT  gyaces RATE (RCR) (R6R) (mo/ma/day/wot
- (mg/mg/dav/ulat might) weight)
Cauliflower 134 3.4 3 1.‘59: 0.412 & 0.135 (4)
8s aloracea 4y 2,67 & 1.41 0.606 & 0.537 (7)

. vare _
botrytis (L.) IV 24507 & 1.358 0.585 & 0.437 (4)
v 1.389 3 0.866 0.345 3 0.126 (4)

Figurs in paronthsais represents numbor of observations.
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TOBLE = 5.3

Roletive consumption and growth ratos of diffeoront larvsl stages
of Pioris brassicaos (L.) on mustard (Brassica campesteis var.
sarson Prain), raddish (Raphanus sativus L.) @nd knol khol
(Brassica olaraces var. gongylodas L) at ?8-»23% Temporeaturs and
70=75% Humddity.

CRRTE:

"LARVAL RELATIVE CONSUMPTION  RELATIVE GROWTH RATE

FOOB AANTS - gyages RATE (RCR) (RSR) (mo/no/day/ust
_ (mg/ma/day/wat weight) weight)
ustard
B.campastrts ‘ , ' :
(Praén)
Raddish o | .
Raphanus =y 0.636 & 04403 0.233 9 0.08  (5)
Knod khol I3 8.546 & 4.59 0.450 g 0.054 (5)
B8+ 0loracea , .
T T I3 3.069 ¢ 0.344 0.483 ¢ 0.073 (4)
are
gongylodes (L) 1V 5.099 ¢ 0.143 0.653 ¢ 0.098 (4)

Fiours 4n paronthaesis ropresonts number of obsorvations.
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inscot®s ability ¢o utilise fPor grouwth the Pood which iﬁ ingaéﬁa,
supressed as pewcqntaga. gigsig_bgassiéa@ (Lo) lorvae oxhibit a
sarios of varistion in this a??iciancy which diffor Prom one partie
cular stego to anothsr;.Exserimanea conducted on P. deassicas
larvan fed with cabbage (Dgessice oleracsae vos capitsta L.) shows
that tho seeond stage larves hove the legst officiency (13.902 &
0.037), the efficioncy 9 higher in the third stage larvee (34.228
$ 0.329). Tha officiency is highoot in the Pourth stago lazvae
 (39.059 & 4.673), but &t docline in the PLFth stags larvas (36.303
¢ 22.821) as shoun in Tableeeil.

, The offlicioncy with mhiéhAdigaaead feod is converteod to body
. sudstancos: (ECD) is gnothor mogsure of tho insect's ability to motee
‘bolism ths ingsatod Paed substances for anergyitequiremants@ OXPrOSe
sod as porcendage. In the caso of Piseis brassicass (L.}, this
ofPicioncy 4o loumst in tho seocond stago larvao (30’438 2 0.451) 8¢
roared nn-cabbagg.,Thé afflicisncy is highor in the third stags lape
vas (23010 2 De416) but highest in the Pourth stage larvao (58.45 2
11.77), it egsin decraéses in tho last stage larvas (44.229 ¢ 27.4)
a8 shoun in Tablo=6eD. |

_ The ecofPiciont of apprai}aats~ﬂigastibllity {caD) g&s a
msasure of the insocts ability to digoat ths ?ood'suhstance ang it
also megsuras facel aatteor oxcreted d&ring tha'digastiﬁn.ptocasso ) £
is also oxpsesesd as percentages In case of Biopia braseicas (L.)
larvae fod with cabbaogo, this digestibility ccefficient is very low
in tho second stage larvas (42.844 3 0c311),.mhi1a it 4s slightly
higher in the third stago latvaa'(74.1ds + 1.99), but docreases a
‘14ttlo &n the fourth stagoes larvas (68.03 s 6.28). Tho digestibility
coofPiciont Lo highost &n the Pifth stags larvae (ea.oé & 10.783) a3

shoun &n Tabloeed.
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—

’ T@Lg = 6ol

Digastibility and convorolion officiencies of difforont larval
stages of Ploris brassicas (L.) on cabbage - Bragsics oleracoa
var. capitata (L.) mpasurad on deyswoight basis at 18=24°C o
Temporoture and 70-75% Humidity.

EFFICIENCY DF LON- COEFFICIENT OF - EFFICIENCY OF COVo
LARVAL VERSION OF INGESTED APPROXIMATE DIG- VERSION OF DIGESTED

STAGES FOGO TO BODY SUB=  ESTIBILITY. FOOD TO BODY SUBST=
STANCE _ | ANCE
13 S ts.fmz % 0.037 | az.aa§ £ 0391 30.438 gu.asa w)
111 30.228 & 0,329 744145 & 1.995  44.1035s 0.4165 (3)
v 39.059 & 4.673 68.038 2 5.261  58.458 s 11.775 (8)
v 364303 2 22.821 84.096 & 10.783  44.229 ¢ 27.486 (6‘).'“ -

Figure in paronthosis pepresents number of obssrvations.

ALl celgulatsd in percentags (¥). Mean and Standard Deviation
(9 o 8&’? aro glven hors in all cases. ‘
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Tho £CI (efPPiclency of conversion ingaoted Pood) of Plazig
brassigan (Lo) lsrvan fod on gauliflowor (Brassica oloragaas var
botgztﬂs'tg) io lowsst in tho second otago larvas (19.55 2 6.43)
but it increased in the third'ataéa 1aruaa (a3.92? + 16.867), uhile
in the fourth stags larvae the officlency docresses (23.697 ¢ 13.867).
The ECI increasos iﬁ the fifth otage larvao (40.686 3.30.5979 as in
Tableoe6e2e. ‘

,.Yhe £ECD of Piorpis beassicas (L.) larvae Féd on caviiflousre
s agaaﬁ lounst in tho socond stags larvao (14.66 & 7.98) and is
mandmum in the third stags laHVae (S3.940 & 21.252), Tﬁa e??icieney
again docreases in the fourth stage lorvae {37.065 & 24.48) and
incroases a 1i8tlo in the PiPth stage larvae (45,477 & 32.453) as
shown in TableeSs2e |

" The coePPiciont of approximate digeotibility (CAD) of Ploris
brass&bae'(L;) larvas Pod on cauliflowsy is hich in ths case of the
socond stogo loswao (78,39 g 2.86), but higher in tho thizd otage
larvae (82.43 R 7.82). €AY is lowse® in the case of ths Pourth
stage larvee (73.183 & 18.031), but it is moximum in the PLPth .
stage larvoo (B85.457 ¢ 6.527) a3 shoun in Tablowbe2.

Tho E€CT of Pisrds brassicas (L.) arvos fod on mustard
garassicae ggge@tgis var garssca Prain.) ic high 4n tho sacond
stage larvae (33.739 + 26. 30), but tho 9??1sieﬂcy is higher in the
" third stags larvae (&3.393 18.434). Tho ECT is maximum in tho
‘ Fourth atags larvas (485,924 ¢ 35.9) but is ninimun in &hn Fifth
stage larvas (29.97 ¢ 22, 5) as shoun in Teble=s.3.

The E£CD of ﬁieris.brgesicae'(iq) fod on -mustard io veey high
in tho seeond atage larvas (53.797 ¢ 35.17) while it is vory low in
tho third stago larvae (2166 & 11.822). The £CD i5 maxioum in the
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T. ‘ {. - 3

Digastibility and convorsion officioncies of difforent larvael
stages of fioris brasafeag (L.) on ceuliflouwsr - Bgaselea oloraces
uax.»batgggﬁs (L. )moaoured on dry wsight basis at 15=24°C Tempora=
turo snd 70=72% Humidity.

Laaum. EFFICIENCY OF CON- COEFFICIENT OF EFFICIENCY OF CONe
: VERSION OF INGESTED  APPRDXIMATE VERSION OF DIGESTED

STAGES FOOD TO BODV DIGESTIBILITY FOOD TO 8ODY
SUBSTANCE S SUBST ANCE
11 11554 & 64435  78.395 & 2,865 18.662 & 7.962 (5)
I11  43.921 o 16.867  82.450 » 7.821 53.90 s 21.252 (6)
17 23.699 o 93.867 | 73.193 & 98,031 37.066 2 24.485 (4)
U 40,686 & 30.597  85.657 2 6.527 45.477 3 32,438 (5)

All esleulated in percontages (f); Foan and Standard
doviation (M & SE) aro given hore in all cases. The
figure in parenthosis gopresents number of obascrvations.



71

I‘M ‘ '-o"- 2

Digastibility and conversion cfficiencies of diffarent lazval ota=-
geo of Pleris brassicas (L.) on mustard = Beasciea gampestris var.
sarson (Prain) mosaursd on dry usight basis ot 15+22°C Temparaturs
and 68o70% Humidityo

EFFICIENCY OF CONe = COEFFICIENT OF EFFICIENCY OF CONe
LARYAL UERSION OF INGESTED = APPROXIMATE  VERSION OF OIGESTED

STAEBES FOO0D 10 pODY - DIGESTIBILETY FGOD TO BQOY
SUBSTANCE : SUBSTANCE
I 33.739 2 2643 71843 2 23,98 353,797 ¢ 35.17 (3)

11T 43.393 4 18.430 63,357 & 84072 21.664 ¢ 11.822 (4)
IV 45.924 g 35.9 78.88 ¢ 7.47  54.39% s 40.36.(3)

0 29.979 5 22.5 | 77.629 4 12.87 35.049 g 25.8 (3)

All calculated in porcantages (B)s Foan and Standazd
daviations (¥ 3’563 ars givon herat&n all casose. The
figuers in parenthesia ropresents number of cobsorvations.
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fourth stags lorwso ;56.39 & 69.36) and doeroasos in the PLPEh
stags larvas {35.04 & 25.8) as shouwn in Table=6.3.

The CAD of Po braoosicas {L.) lazvas is veey high in tho ssc;
ond stage larvao (71.84 ¢ 23.98) when fod on. mustagde The CAD s
lowerod o 1ittlo in the third stagos latves (63435 > 8.072) uhile
it is maximum in the fourth stage larvao (78.88 g 7.47). The e??i«
ciancy in tha ?ﬁ?th atage larvas doas noe di??es much ?rom the
fnyr;h,stagag it daczeasas‘a;ightly Prom it (77.629 g,ﬁqu?) as
shoun in Yaﬁla»ééBc._ | |

Yhe £l of the larvas a? P. brasoicas (L.) on naddlsh
(Raggan sabivus Lo ) is vory high in ths second stage lagvas (45.5
+ ,.Bi).hut the afficioncy deeroasas in the third stage larvas (35.74
N 1.20%). The ECT is vory low in the fourth stage larvae (8.69 4
D.521) but it s maxioum &n tho PLPEh stage larvae (83.649 & 2.06)

as Sha:ﬂn Jin 76519@6.4. .

Tho £CD of tho larvao of P. brassican uwhen fod on raddish is
very low in the second stage larvas (13.17 + 2+2) but the afficianey
{ncreases in tha third stags lerwas (45.18 s 1.4G). The ECD again ie
very low in the fourth stago larvao (18.17 s 0.83) and it is maximum
in th@ ?£§th stage lagvas (91.34 ¢ 1.43) as shown in Taﬁlems‘d.

"CAD of tho larvae of 2. b;gssicga:(L.)'mhen Ped~on'fa&diah
leavss, is very high in both the second stage (78.276 & 2.708) and
the third stage larvao (B83.704 3‘6.16)..The coafficiont of approxie
mate digostibility decrsasad in the Pourth stage larvas (56.521 3
1.91) but it is maximum in the £4Pth atage larvas (87.35 2 0.388)
as shoun in TabloeGede ‘

ECl of the larvas of P. hzassiceg (L.) when fed”on knol khol
(g, oloracsas varQ'gangylodas L.) is vory low in bDoth the socond and
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mang. = 6e8 .

Oigssubnity and comarainn e?ﬂcianclea of tha dﬁ?i’erent larval
stagee of Pioris brassicas (L. )} on Raddish = __@ha@s sativus (L)
and ¥nol khol - Brassica oleracoa var. gonaylodes (Lo) moasured
on diy usdght banls gt 15-24°C Ta&aparatuze and 70=72% Humidity.

LnruaL EFFICIENCY OF CON<. COEFFICIENT OF EFFICIENCY OF CONe
e VERSION OF INGESTED APPROXIMATE  VERSION OF DIGESTED

STAGES " “rpop vo BODY DIGESTIBILITY FOOD TO BODY
____ susstauce o SUBSTANCE
Raddioh « Rgphanus: gm (t.) . o , ,
133 85456 g 5.01 78.276 3 2.708 © 18.174 3 2.2 {3)
111 36474 & 94201 83.700 & 216 45.188 ¢ 1. 46 éa),
It 8.65-g 0.52% 564521 & 1.91  18.172 g 0.836 (4)
v 83469 5 2406 87.36 4 0.388 91.58 4 1.48 (&) .

Knol kﬁ‘ol = Braasics oloracoa var. gongylodss (Le)
41 2.38 ¢ D708 89,23 3 3.7 1.87 ¢ 0.256 (4)
v 0.541 g 0.043 96,40 % D779 0.557 ¢ 0.041 (S}




tho Fifth stage larvaea ‘In the socond stage larvas, the e??iciency
fo low (2.36 ¢ 0.708), but it is lomse in tha PIPLh otage (00541 &
0.043) as shown in Tabloobede

ECD of tho dagvan o?;g{brg asleas (L.) on &nol ktmfi is l.au.i
in the second stage lorven (1.87 & 0.2596) and louwor in the PiPth
stago lasvae (0.557 3 0.061) (Table=6.d).

CAD of tha larvae of B. brassiscas (L.) on knol khol is high
ir the sseond atégs iawaa (89.23 2 3071), but it xé highae in the ,
Pifth stage lapvae (9;63‘0 2 Q-.‘??é)_(%b@aué.&). A

Eonvorsion of Plosis Brasolens

ﬁﬂges?.ed ?tmd to bmsy substanée (ECI) of Pioxis brassicag (L.) lape -
‘vae whon fod on cabbags lesves (Bg, bloracoan var cepitats L.} fo
vory high in the sccond stans (2%22 ¢ 16.39) but docroascs £n tha
 third stage larvao (23.88 ¢ w.ae). This officloncy &s very mm in
the Pourth otago larvas (15.31 & 0.64), chile it incpoases in tho
PLPEh otage larvae (27.99 ¢ 0959) (TablosTet) .

Tho efficiency with utm::h digasted food is com:ertad to b@dy
substanco (ECO) of P. bpassispe (L.) lapvas is low in tho socond
stago 16&"‘1@9"(33«»«525?3; w.'zs), but 4t incroasos in the third stage
larvao (42.6% & 26.45) to maaimum. The aw is very iow in the Pourth
stags lawaa (21.836 ¢ ‘3.66) But it again incroases in the Pifth
stage larvso (40.653 ¢ De4861) (Tableo.?\.j),

"T&‘\é coofficient of’ appmximate digeatib&lﬁ;t# {caD) :o? the
larvae of P. brasoicie (L.) fod on cobbago lusves is mexioum in the
second stago lorvas (83.02 g 2.55) but it docreeses in the third
stago larvan («62«5}66) & De414). ‘fhef CAD 4s aga‘in" iricroasing in tho

L



31

: Digaatibliity and coméwiéde?f"iciénciés of difforent larval
stagos af Pleoris braasicae (L.) on Cabbage = Brassica ploracea
vare cagitata (L) ‘maasured on ust might basis at 184-239{: Ten=

poraturc and 70753 Humiﬂity.

EFFICIENCY OF COfle.
 LARVAL UERSION OF INGESTED

COEFFICIENT OF EFFICIENCY OF COlw.
APPROXIMATE  VERSIODN OF DIGESTED

- STAGES FO0D TO 80DY DIGESTIBILITY F£00D TO BODY
T  SUBSYANCE - ' ‘ SUBSTAMNCE
IT 29.22 2 16.39 88.02 £ 2.56 33.525 2 19.23 (4)

11T 23.84 & 10,44
. () 1531 & 0.64

v 27+99 & 0959

S52.82 £ 14.38  42.6%1 g 26.45 (3)
62,9662 0814 21836 2 1.66 (5)

71.954 $ 4.24 4D.653 g 0.461 (4)

A1l calculatsd in parcentage (#); ¥ean and Standard
tdoviation (N ¢ SE) are niven hare in 3ll casese The
flgure £n parenthsoals repreosents numbor of observationse.
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fourth stags larvas (52.?66 e.ata) and Further 1nareas@s $n tha .
PLPth stago larves (71.950 = 492&) (?.:abl@a%‘l)p :

The ECI of the larves of Bs b M (Lv) dhen &’ed ca caus
1iPlouny (8. oloracego vars bob ﬁ*v&&s Le) 45 wery louw in tha sscm\d
DI RN RITONE K -
stags larveo (1508 ¢ 4+67)o Tho officiency is moro or 1933 sstab&-
1ised in tho third. seagc (2168 ¢ 92.95) and the Pourth sgage
(29.&2 2 8.7) laawa@¢ mmaze it is rising in case of eha P1PEh
etag@ xaevaa (39.&97 12.55) (rebxa~7.2).

- The ECD of. tho latua‘e fed on c-aumflomr iz very low 'in the
second stage {15.99 £46.73) and S.?. is h&gher a8 tho larvae reached -
‘the third stago (39, 20 & 2.029). The £CD dacreases g Iittle as the
‘lapvas reachea t;he fourth staga (39025 £ 3 8033) whila thD Pﬂ.f’th
' staga tharo is maximum inczease (62.13 ?9.63) (Table-:'l.z).

€D oP tho lawae fPad: on. caun?lamz ip maoxinun in the second
stage larvao (76.27 2 5.84). In the third staas, tho CAD is much
Alomsr (53.84 Y 9.72) but it increase as tho larvas reach tho Pourth
atag@ (6&.833 £ 16.95). As the larvoe reach tho last stage, tho CAD
again docreasos (53.32 ¢ 22,22); (13913-7.2) e ‘

ECT of tho PiPth stage la'zwaia of Be brassicas (L.) when fed
on mustard (8. campgstris ver ‘w Prain) loaves is 24.032 &.0..97655.
Since not much dats could bs collectod comparison could not be made
with othor larvas stages of 31ife cycle (Teblé-‘?.s)o

ECD of the fifth stege larvae of B. brassiecas on mustard is
28.568 2 1.028%. | | -

Its CAD in mustard is very high, it ceachm upto 85.585 2 ‘
03% (78510.703)9

Tho eECI af the PiPth stago larves of P. brassicas (L) vhen
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astages of Plozis brassicas (L) on Cauliflouwsr = Braosica oloracea
vers hoteytds (L.) measurcd on wst welight basis at 168=23°C Tompore

ature and M=75% Humidity.

| EFFICIENCY OF CORe
LARVAL . yerSION OF INGESTED

COZFFICIENTY QF

APPRORIMATE

EFFICICNCY OF CONe

VERSION OF DIGESTED

STAGES . F£O0D TO SUDY . DIGESTIBILITY 00D TO BODY
' SUBSTANCE SUBSTANCE
I 95.08 g '4.67 76,27 & S5.00  19.99 & 4.73  (a)
111 21.66 # ig.és $3.84 + 9.72 39;29 * z.;'ozv (7)
147} 20.;92 e ‘8.79 64.88 2 16.05 30.25 & 8.33 (a)
v 30,497 » 12.65 53432 3 22422 62.13 & 19.63 (a)

All caléulagted in porcentage (%)3
B ¢ SE) are givon here in all cases.

daviation

Magn and Stanﬂatd

The

Pigure in paronthasis ropresents numbor of obsarvaticns.
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fod on raddioh (Raphanus sativus L.) s 29.665 g 0.535%. fte €CO
16 36,79 ¢ 6.749% and 4ts CAD So 71.328 & 9.92%. s not cuch date
could bo obtainad () comparisons botuwson the differont larval
otagoe could Aot bo métde (_Tablzad‘?..g):e ' ' |

The ECI of the lorvao of 2. brassiecag {Lo) uhon Pod on knol |

khol (‘a. olorscogs vag gonayl edns Lo) is vagy low in tho socond stago

(11,336 2 9.69). Tho acx incgoasos a5 tho larvas reach tho thipd
stage (20.641 g 0.756) but agein decregsen in the Pourth stage
(10.752 0580@) (7@&1@:‘?.3)«;

Tho ECD of tho larvee of B. gmc (Ls) uhon Pod on knol
khol logues, &5 low in the second stage larvas (15,446 3 9.13), dut
4t 3o higher in the third stoge (3%.978 & 1.464). Tho £CD docraases
@9 tho lagvas geachos tho Pourth stage (19.26 & 0.915) (TablesTe3).

_ fraasiaae, (ke) lasvas fod on knol khol io very hich
in the secoms seag@ of tho 14fo cyclo (75.81 & 8.42). Tho CAD docrace
ses as the lewma goachad the third stage (61.449 & 0.624) end doc-
Foases qu;ther in the. Pourth »s&age (51.2 ¢ 4.77) of the 14iPs cycle.

Total organsc ﬂatrogen (%3) content af var&ous thost plants of
Ploris braseicas (L.) and 2. nopi montana Vonity, vary among theme
selves and alse botusen the difPoront ags groups even in the sgmo
uasmtﬁ “e spa’etea-_ ALl moasuroments havae boon made oﬁ dry woloht
boods anpmsséd as og V/g of biomaas. Hoan values and standard

&viaﬁie@ a¥o ropresantod horge

_ Fige '5 suméwisé tho total erganic nitrogon contant of various
hest plants and \".he differonce botuwoan thelr age groups and tho fetal
ag {L.) Peé on thoso host plants..

matter of 1awaa of- 9, ieassie
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Digostibility and convoraion officiencies of diffarent larval
stages of Pioris brassicae {L.) on Mustsrd - Brassica compastris
var. Sarson (Prain)j Raddish = Raphanus sativus (Le) and Knod
khol « Brassica olsraces vaze gongylodss (L.) measured on wst
wolght basis (at 18-23°C Temperasture and 70=75% Humidity.

LaryaL CEFFICIENCY OF CONe COEFFICIENT OF EFFICIENCY OF CONe

STages VERSION OF INGESTED  APPROXIAATE (VERSION OF DIGESTED
FO3D TO 80DV DIGESTIBILITY FO8D TO 8GOV

' SUBSTANCE SUBSTANCE

Mustard - Brassica campsoteis var. sarson (Prain.)
v 24.032 g 0.976 ‘850585 & 1.354 . 28.566 s 1.028 (5)

fladdish = W satiyue (L.)
v 29,665 & 0545 714328 3 9,92 34,794 g 6.749  (5)

Knol khobw B'rgasicayolargcea vars gngzlodes (L.)

11 11.336 & 5469 75,810 & 8.42  15.446 ¢ 9.13  (S)
IIT.  20.641 ¢ 0.756 61,449 3 0.626  31.978 g 1.464  (8)
IV 40.752 & 0.308 S1.2 & 4.727 19.261 g 0.915 (4)

ALl calculagted in ‘parcanz’:aga' (%): “ean and Standard
doviation (¥ 3 SE) ars given hers in all casass. The
fiqure in parsnthesis reprasenis number of obsorvations.



Fig. 5 Totsl nitrogen content of young and old lesves of
cruciferous plants, larval fecal matter and larvee

o of P. brassicass
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" In ¢ece of ccbbage (2,’6xeaag@aa vae'eggitate‘t.)‘the'eoﬁel
‘opganié nitpogon coentent is vaey ;am'in tho o0ld leaves (29.905 &
1.03) as campaéed to the loaves of grouing young plants (324,378 g
3.4605)+ Tho Pocal mattes of tho puoled samplo of difPeront larval
stagos of P, bgasaicas (Ls) shom a vory hﬁgh eotal atgaﬂﬁe ni€gogon
cantant (1za.33 ;,6.6&) mhan ?ed on cabbaga.

The tﬂtel‘o?gan&c-ﬂiteaggn content of young grouing coulifloose
Q29‘6132§ggaaiuar beteytio Lo} loaves is veéyAhigh (386.375 3_7-359).
while it §s very low in Gase of old loaves (38,749 s $.935). Tho
podled‘Pacal‘ﬁa&tez'oP diﬂ?aﬁsn% 1arva1 stages of}g, brassican (L.)

- shous a high total oégahiqinitrogea content (?98.?3_3,2.58}iwhsp Pod
on this plant.. | |

In case of ﬁustazd (gp'camgastria,éar gggggg‘brain) the young
growing 1saves shows a ve:y hxgh total nitrogon cuntenti(siéaza'g
7.0?) in conparison t@ the 01d leaues which have nitrogen contant ‘
(399.375 ¢ 20.396), hence thasa 1o not much difforence in the niteoe
gon conten#_a;,shcmn by athas host plant varieties. The pocled Sabe
qlb‘bﬁ Poeal mgttor from dif?éran& larval gteg&s of P, brassicag {(L.)
?ed'on.éusﬁe&ﬂ show a uérv high.nieregsn cantgaf (162,19 & 7.67).

The total ﬁitragen contant of raddlsh (ﬁaghgh ggziéus to)
in cagse of young arowing leaves is vosy high (527.5 & 2.163) but it
doclined in tho old locaves (336.75 ¢ 4.97). Tho pooled focal matter,
0f difPorant lasval otagss of B. brassicao (L.) fod on roddioh olso
oxhibit very high total numgem contont (255.94 ¢ 8.94).

In case o? knol khol (B. nzeescﬂae var gnngylodes L.) the
young grouing leaves contain mgre tozal organic nitzogen (426.24 %
637) than tho oldor loavos (108.75 & 9.56). The Pocal matter of tho.
poaled sampla of vorious larval Stages of 2. hgassisae (Le) Ped.on



83

knol khol shows a high total arganie ﬁitrogsn csntanz (25725 &
3032) v - '

In the differont lorval stagos of 2. brassicae (L.) l.e.
Pgom tho Pirst to the lant stageo 4% is obsosvod that tho totei
organic aitrogen contont Lo mope op loss stabllissd. In the ea?!ier
atages of 14Pc cycle, the nitrogsn contant is louse (10&.93 4.,37)
but it incroasss a 1ittlo in the iate stages (107.3 1o7§), hance |
thare io not much dﬁ??beenca and tbs @varalx nsteogsn contont was
106.01 ¢ s.os. |

It s obopzved thet ths younp gxom&ng loavas of sll host
.. plants of ﬂ.

ixgeaienn (L.) contain more nitrogan than the oid
leavos.. ﬂaddlsh mas ?ound te contain tho higheat amount of total
arganic niﬁroggn 9ollou9d by nusea*d, knal khol, cauliflomer and
cabbage in caso of young and ggoming laaves. fAmong the old 1leaves,
ouotard was obaerved to cnntain the highest amount of totel crgaﬂi~
nitragan,‘?olkamad by paddish and knol khol, vhile cauliflowapr and
cabbage contain'ﬁha_laaét.amaunt.oP total organic nitrogene.

?eeal'maftog' 9"939313 btasaicga'f"}
“Total freo anino ‘acid content of difforant hast plangg af

L2 brassicas and Ps ngpi montang vanity, show 3 variation among

themsolves. Total froo amtna acid cantant was axprsseed as mafqg wot
wsight of tha plant losves (fig. 6A) .

Caulirlouwar (23 oloracoas var. botrytis Le) show o vaév high
Pree amino scid cuntsnt; Pollowsd by knol khol (8. oloraceaz ware
gongylades Le) and cabbage (8. oleracoss var. capitata L.). Fustard
(2, canpastris vare Sarson Peain) andrradulsh (Raphanus aativus L.)

oxhibit low Prop amino aeclid contante.
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Tho Pecal m6%$9¥ of difforont larval stagss of P, beassican
(L+) fod on oach host plant olsé oxhibitad the cemo pattern of totel
freo amino scid contont as thole hgst plants. Ths larval stages of
Po braseicas (L.) show s uaeylhigh'total froo amine acid contont,
which is ususlly woro than thoip host plaonts. The poslod samplo 6?
tho difPerent larval stages of P. brossicss doos not show quch diffe
ogenco Prom thole ceslior and late stage of life cycls, whon Ped on

any of tho aeséptsé tost planto.

2+3.80 TDthﬂ?fB?ﬁTSUgf; ont & of host plants, lervas and fecsl
mattop OFf P. brasolicas. Lo). " '
mm

Totol Pres sugar contant of tha hast plants o? _&ggén_gsguujﬁggg
(Le) and g, naph mmﬂ&ang inaty docs net show much difPforence although
a variation smong then exists. Totgl Praes sugar cgneentlis oxprassed

as mg/g wet woight of the'plan: loaves (Fige €8).

ﬂaddzsh'(ﬁaphanaa sa&ivué‘L.) and knol khoi (ﬁ. oloraceae vars

yyladses L.) ahou a uery high froo sugar contaent  than cauliflcuce

(B. oleraccas vars boteytis k.) and mustard (8. composteis vare:

" sapson Prain). Cabbags (g, aleracgag vor. gepitata.l.) amongst all
show tho loast ambunt-ue»?reé sugar content. Ths Pacal mattsr of all
otages of P. brassicss (L.) larvao is observad to vary &n its free
éugar content whon the larvas is fed oa various foodplants. In case
of larvag fad 6n caulifliowor, the Proo sSugar content of tho Poecos is
'highast, Pollousd by muatazd; roddish and knol khol. The froo sugap

content of tho ?Bces LSvuary'low ghen larvas is fod on cabbagoe.

_ In %he larval stages of Ps begssicas (L.) an exceadiﬁgly high
_ zmount of Pras sunar contont 4o observods Thoro is not much diffore
enge in the various otagos of tho 1ifo cyclo with gaogord to this

. Pactor, oven whon the lasval stegos ars fod on difforont host plants.



Fige 6 Total Praee amino acid (A) and sugar (B) contant
of lesves of cruclferous plonts, lagval fescal

matter and lagvae of P. hragsicage
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2.3.9. Qualitative Peee snino acid and Proe suger composition of
| differont hast plants. -

ids 3 Qualitative onalysss of Preo fPoras of

aning scids and'sugér prosent in the various hoot plants of Plpeis
bnassﬂcaa (Lo) and Picris gggg.mantana'vanity, has baoen carricd out
by simplo papor chromotographic mothods. Result of tho qualitativo
chronatographic snalyses 4o given in Table=B.d.

FiPtaen ?eee.émino aclds are dotoctod in caso of cabbage
(ﬁfxolaeaceae vor. capitata L.)s Thoose aro Dleglanine, Dile2, Amino
butyric acid, Learginine monohydrochloride, Dleaspartic acid, DLelyéa
dihydroxyphonylealaning, Laglbtamﬁc acidy aqlycing,; Lohistidineg nonge
hydruchlsriﬁag’thy@rouyprblinQ, Dlsnorelaoucing, L-lysing monohydroe

chloride, Leproling, qusagiﬁe, Dlethroonino and Dlevalinoe.

In caso of couliflowr (§,~qzaeaceaa varéibét#ggis L)y
Lalysinavmcnnhydrochiéxida is not dotected, but anothorlfroc amino
scdd Latyrosine 1o pressnte. Thaltotal‘numbcr of fres egmino sclds
dstgctéd in this host plent i olso Piftsen, roprosenting the same

type of Proo amino scids presont in cabbago.

Fourtegn free amlno seids ars dotected in caso of mustard
(8. compsstris var. garson Prain), which again follow the series of
aminp aclids pressnt in eabbags anﬂ cauliflouse {Tabloe=B.1). Tha only
difforonce 42 that L-hydroxyprolins and Lotyrosins aéa not detoctod

in caso of oustarde

Tho sorius ef froo amino ccids dotested in knol khol
(E,.oisggceaé'uar. gongylodas Lo) vary much roscmblo thaose ptésgﬁt
in caulifPloune, thoir total nushoe is PR Ftoon,g Lelysané nonghydeoch=
lopido ic not dotocted in knol khol as it is in cauliflowsrp.

In roddish (Raphanus sativus Le), thirtoon free amino scids
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have been datacted, uhich again ¢tho aceies are vasy guch simikar to
those present in cabbago, cauliflowoe, mustard and knol khol. Threo
aming seids Pron the soeies arc not doteectsd in raddioh, theso org,

| Lahydtoxypreline, Olenpeloucing and Letyrosino.

Tsking into gonaiéaréﬁian'ahe sories of Proo omino scids
dotected in all, ths host plents of P. brassiess and P. nrapl sontana
Vonity, Lahydraxypaoline is not detsctad in cass of two hool plants,
thase are mustar& ong- raddish. Dlenprlevcino was aot dotocted only
in tho case of raﬁd&sh.phylysins monchydrochlorido is nat dotoctad
in the case of cauliflowdr and knol khole Letyrosina was absent in
cabbage, muséard and saddaah; All cthar Preo aninp ocids aro dotoew
tod on all.h@st planta aéd~Fqllnw the same sories as dotocted an
cabbane, céuli?lemar, mustard, knol khol and raddish. In totel,
Piftoen fProe amino asids are dbtectad 1n caﬁhagas ?i?ﬁsan in cau;l-:
flowor, Pourtesn ﬁﬂ muataad, Pifte&n in knol khol and th&rseew in
£addishe '

Feee sugaps ¢ Ganerally, two typaes of frso sugars ave comnonly'

dotoctod &n tho host plants of P. braosicee {L.) and Bo napi nteng
Uenity (Tablo-%.?). '

<

In eabbage $~, oloracoas vor. capitsta Le), glucose ang ‘
'galactcsg oro cloarly passent, glucose bolng slways in highop amount:
than galgctesae. ?hasa‘sgmajﬁrsa sugags wore olso cloarly i{dontificd
in cauliflovor (8. slozsceas vor. botrytds Le)e

"In caoe of nustord (3. oloracess vars garssn Prain), glucose
was dotoctod 5ll alony while galattose ie not observed. In vaﬁéish

(Rophaonus sativus Le.js tho sama result is ohserved ias in mustapd,

glucose holng prodaminantly prosent whiles palectoss is not detoctsd.
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T88LE = 8.1

Quolitative froo amino acid and froe sugar composition of tho
difforant hoat plants of pig”is brassices (L.) and Ploris napd
montana Venity. | - -

b

ARING ACID creeage CAYLIe  isTARD  KNOL KMOL RADDISH
FLOWER
: o R At - 4 2
1. Dlealanino * > + TS *
2. Dl=2,aninnen= ' - ,
butyric gcid M M * ® M
3+ Learginine monoe - - SRR : e =
" hydrochloride * o * * *
4o Dleaspartic acid ®. * : * . * *
Se Dle3,4<dihydroxy - S - L
- phenylglanine M M ¢ ¢ @
6+ Leglutamic acid €« e + L S
7+ Glycine + e S + ®
8+ Lehistidine monoe . ., ’ ' ‘ |
hydrochlorids * * ¢ ® -
" 96 Lehydroxyproline * ¢’ = °
0. Dl=norleucing * ¢ s @ -
1%+ L=lysine nonghye
drochloride : ] _— * - ®
92+ L=proline ° e Y ® *
13+ Dl=garing . & O e * * *
14. Dl=Thrgonine . N . . .
15+ L=Tyrosine ' - * - . -
16. Dlevaline @ * + * »
SUGAR
1. Glucoss @ * * °
2. Galactoss i + * - 'S @

9 = Brassice olerscea var. capitata (L.)

2 = Brossicg sloracoa ver. botrytis (L.)

3 = Brassice canpestris vare sargon (Prain)
4 = ngaa&cg_olergéég var. gongylodss (L.)
S a.Ragggnus agtivus (L.)

+ = prosence and « = gbseonce
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In knol khol (B. elorecoss var. gongylodes L. ) agein both

tha ?rea sugors are prosont. Glucess is moro intensoly dotactod

than galactoss, a3 obsorvad in cabhaga and cauliflowse plants.

2.3610.

froo amino acids 9? di??orant larual stgﬂg s nualitaeive

’anélyses of Pzee forms nﬁ amino acids in different larval otages

of 8o hggssgggg {Ls) as céi?ied out by simpls chromatographic pro=
codures is pveaantéd in Tabléaatz. Ten frep aninu acids oro dotoc=
ﬁed in all the Pive sﬁag;as of g,.’br‘assi-oae larvas. Those Pees anino
aciﬁs até, lnalanina.J Dl=aspartic aeld, Leglutamic acid, L-leuclna,
Dleisoleucinu, Dx-sarins, Dl-thysonane, Dl=-tryptophan, L-hydroay-
nroline and anwolinso Thase anino. geido ars quantitatiuelv dﬁ??ar-
ant from each othes euen if tho serios {o sinilar. Tha quantity

alao differ Prom one 1acva1 stags to another. Tho fros anino acid
coméas&tion io similar Prom ono larvel stage t@ another, but thore

iz a difforence in tho guantity of sach only.

ft@@H§91a€$m9€,di?€é§9nt_%@gva;“étaf ¢ Glucoss and galactoso

9

586 tho only two Froo sugars dotocted in all the Pive stagos of

P. brassican lorvao. Glucose is -ohsorved to bo prodoniaantly pedsent
than galactoss. Tha’quant&ty‘oP glugos& agaln, show a variation among
the difPercnt larvel otages, which is else oxhibited by gelactoso
(Tablo=8.2). Quantitatively, glucoso is higher in amount than

galactoss as cbsorvode

éﬁah'?éd'bﬁ cab&age"(‘whgn the larvae of Pieris brassicae (L.)

- especially the last stage (Pifth stago) is fod with cabbage (8.
alaracoge vore. gapitats L.) and tho focal matter was studiod by
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sizplo chromatographic anaolyses. Tho rosult show that only oight
frooc aming acids have baan dé&acﬁed'ﬁn this caso. Thaso anind
scids are, Dl-agpértic aclid, Leloucing, Dleisoloucine, Lehydeoiys
proline, Dlesorino, 01-3,6; dihydrory-phonylelanino, L=histidine
monohydzochlorido and Dlwvalino (Table«Be2).

Tho series of anino acids aze to o certain oxtent similas to
those prosent in the host plont, i.0. cabbago (Tablo=8.1). Five
Preo amino aclds mhiéﬁ are presade in the laival steyes are ebsent
(not dotected) in the foces of the last stage larvae, thsoe are,
eloelanina, Leglutamic acid, D!othraaninag Dlwttypeophan and
Lapgolinao )

These Proe amino acids which are prosent in tho, focal matter
ara_ﬁuantiﬁatlvely very low in comparison to tho ampunt prasont in

tho original host plant L.e. cabbago.

F:ga‘sugars like glucsso and galaetaae; presont in the hoot
plant i.@. cabbaga. in dotectable quantity are no more obsorved in
tho facal matter (Yameae.z). '

froo anino acld and fros sugar cemposition of larvel focal méetero‘

then fod on csuliflouar 3 then tho larvse of Pleris brassicaos
(L;)_aspecially tho Pifth (2ant) stage is Pod on cauliflouse
(8- oloracess var. botrytds L.) and the focal matter s studied by
simpls chramatagtaphic‘brocaﬁgtas, tho analyéis ahows that Pive Preo
aminn aéida@“namstv Loloucine, Dle=isolgucine, Dlethrgoning, Ol=3-4,
dehydwoxvphsnvlalanine'and»Lehiatidina mono=-hydeochlorids aeo
prosant (TsblosB8e2).

Seven froo aming acids prosont in tho various larval stages

of 1ife cyclo out of fon are aot datocled in the focal matter of



‘those last stage 1&2&3@~F§d on cauliflouer. Too anino acidé, fio0e
Dl=3=4, dihydroxyphanyl alanine and Lehistidine monohydrochlorido
are dotected in the focal matior as thoy aro orlginating fron the

host plante

Quentitativoly, thase froe aminp scids dotoctod in tho lagvsl
Pocal mattop ars prosent in small amounts a3 comparad to the srigle

hal'ﬁost plante Tha quantity even vasy among themsolves.

‘ Froa sugars, viz., glucose and galactess, which are intensely
dotoctod in the host plant f.2. cauliflowsr, ave not obssrved ény
more in the Pocal mattor of tho fooding larvas, that is, the PLPEH
(Xast) stage larves (Tablo=8.2).

2.3.91. Qualltative fres amino and froc sugar composition of
tho larval stage of Pisris napl montons Venity and thelir

Frog amind agids o?'thé lapval stage ¢ Qualitative Froé

aming acid and ?ree‘sugar compesition of the last stage lazvee of,

‘gﬁ napi montana Vanity, as enalysed by simpla chromatcgraphic peoe

cedures shows thoal, bight fres amino acids aro prosont; i.c. Dle
aspartic acid, L-glﬁtamic acldy, Dlealanino, Le=hydroxyproling, Le
proline,.Leleueina,‘blésarina ang Dlsthreonine (TableeR.3). Guontis
tativoly, thaso freo emino acldo are differont from each othor in
thoir amount. All'thea@ abovs nemod fres emino acide are prasent in

 doteetable amounts, ospaclally in the last'étage of larval 1ifoe.

fras sugags.af tha larval staon ¢ Two free sugars agre inte-
nsely dotected in the last larval stage of P. napi montans VYonily,
a9 analyssd by alépla cﬁromatOQrabhic'proceduzes, thaso are, glucoss
aﬁdﬁgalactasa (TabloeBa3)e Quantitatively, the amount of glucoso is
pbssrved to be highar than thal of galactoseg
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auauﬁats.ue f’rea amﬁm aca.d and i’res emgar conpesition of ths

2 (L.) and focal mattor.

LARVAL STAGES

AMIND ACID B TR CARVAE § TER L aRUAE
¥ ACI v _ = TER LARVAE 3 TER LARVAE
| ML V%o urt jrep  wiTH
! CA@BAGE  {CALLIFLOWER
1. Dlealaning + e P . e +_
2. Dlegspartiec scid < * + @ © + &
3s Laglutamic acdd « * e e + L %
40 Leloucine ¢ * e ¢ + <+ s
5. Di=isoleucine * + ¢ * . * *
6. Dl=sozine . e R . + *
7o Dl=threoning * * L ® 2 *
8« Dl=tryptophan * + . * M b4 -4
9, Lohydroxyproling ¢ * + ¢ * + 2
10. Lsproline * * + ¢ + A 2
11+ Dl=3,4=dihydrn=
uyph;nylalanﬁ.na 2 : £ 2 L M *
12, L=histidine mono A ,
hydrochlerice = & : = + M *
13. Dlevaling < & s 2 : ¢ - A
SUGARD
9. Glucsoe < + 2 &
2. Galactoso + H 2 Y

¢ = donostsd prosonce
¢ = undetectad
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Froe amino acid and Preo sugay composition of tho lsrvel fecal

¥han fod on esbbage 3 Yhen the larvae of P. agpi montana

Venity §s fod on cabbaga (8. oloracogs var. capitala L.) and the
fecal matter is studied, by ainplo chromatographic procaduros,

" six Proo amino acids, namaly, Oleaspartic acid, L-hydroxyproling,
Leprolina, Dlethroonine, L-érginiha mﬂﬂn#hyd:nchlcride and Lahis;
tidino monshydrochloride are pressnt (Tablow8.3).

Four amtné aéid&ggeﬁazallvfpressnt during tho last lerval
_ .stag@, namely, thlueamic acid, Dl=alanifng, Lelsucing and quaétine,
are not dabosted in the focol matter (Toble=8.3). Tho quantity of
?rea amlna acids datacted in the larval Pocal natter ore presont
: in vezy low amount 83 comparasd to the highar quantity observod £n
tho host plant.

Lnargininaﬂménahydrdeh!orida'anu Lehistidine mowohycerobhlo-
rids are daeactsd in the larval focal matter as they ore orig&naily
presant in the hcat plane. ' ‘

" The six ?eeazamino acids prosent in the feeal aatteor of the
Yarvaa of P. napi montang Venity ere quantitetively different among
thamsaluas.

Gluegso and galactosa, ths only tuo frao sugars prosont in

the host plant and lapvas of 9. napl montana Usnity, ate not obaspe

ved any more in the focal matear of tha last larval stsge whon fPod
 on cabbage’ {TableeB43).e

Fggg,@mgng acid and frao sugar composition of the latval,?ecel ‘
o oune whan tha last stago lapvao of

Po agi sontang ilanu:y is fod on caul&ﬂomr (B. oloracoss vor.
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hazvggzsiu.) and ths facal ma@ter'exeretad‘ia studiad, seven ?fa&'
aa&no»écids, nanely Dx-aSpartic.aetéa Lehydroxyproline, hvpnalins;
9b-§hrsaniné,-iaargininé @onﬂhydroch;oridag Letyrosing and Lehistie
dino monohydrochlogide gra-#tasent (Tahla—SUS)c '

The quantity of thaéa'?teé anine acido éetéctud im‘ve:y,lém
in comparison to those drigiﬁally praaanﬁ in the host plant (Tables
8.2}« The four aminb acids, naﬁely-oleasgak£16 aﬁ&ﬂ, L=hydroxypro=
1ing; Leproline and Dlsthreonins which ape detected in the last
lazval staygo, are present in vory low quantity as observad. Four
amino écids, génaxally observed in tho last larval stages sre ghsent,
in the facal méttar,'thesevara beglutanmic acid,vDiQalaﬁtna,'aneuc-
ine and Dleserine. Throo emins acids, nemely Learginine monohydros
chloride, Lsty?psﬁne and Lehistidine monohydrochlorids ars dotoctad
in tho Pacal matiar of tho last stags larvas, as they originatod
from the host planty i.oe cauliflowar. Thelr zuantitios ere very low
in comparison €c tho host plant. |

Glucose and galectose, ths froo sugars prosont in tho hest
plant ore fnot dotsctsd in ths focal mattor of tho last larval
stags of P. napi montans Yenity (TablowBe3).

It is genorally obaerved in all analysss that the host plants
analyssd contain more freg a@lhﬁ acidas quantitagtively. Tha quantity
declinas in zhé.la:vax stages of both the butter?3193 studied. In
the fbcaI @étt9n, tho quantity furthor decroase and samati@e‘bacoming
nagligiblagifhn samn ohesrvaetion has bson made in the case of Prao

sURErSe
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G031itétive froe anino acid and Pras sugar composition of the
. larval stages of Pioris napi montana Yenity and their Pacal

mattez’.

T Last VFECAL MATTER

FECAL MATTER

caiaqtoaa.

woo sero Ll | s, | szt
: ! chonce. | calLTrLOVER
Dlwaspartic acid ® - *
te glutamic aseid ¢ s b A
Dlealéfni*na , * LY r'3
Lahydrokybaoline S . *
L=pzoline o 'y * +
Leleucine ¢ 2 +
Dlesgrine * Y &
Dlat ht‘ebnina < * +
By droshiort do % ¢ *
Letyrosine 2 < .
Lehistidine mono- |
hydrochloride L M ®
SUGAR
Glucoss * : ;A
. e &

¢ = donotes pressnce
& = denotes not detected



244, DISCUSYION

Life eyele dusation of tho buttorflics studled vize, gg,g},gg
'bgggS£caa (L¢),and_?ﬁaﬁlsAgggg;mggtana vaniﬁy, vary areatly mﬁﬁh
tho eypas‘@P‘ﬁﬁs% gléﬁtﬁ on which thole larvélAé%ages arc poored one
This is géneéally gboosved in Lopidoptora, eospeelally in eﬁe oligne
phagous agnd p@i#phagauS'tv&as‘a?:?@adssaa |

Ag hes boon 2bsorvod ??am the 1&?9 cycle aaudiaa, tho dovgle
;'opmsn@al cyclo of Fi@risrbrasaicaa (Lq) Peron tho opg stago till
adglt smsaganceo,is shogtest vhen the lstvae are rearod on kasl khol
\(Brassicm oloracaas vaRks ggnggladas Le)'?ollouad by nystard '
(B.vcégggsesig vars gggggg Prain) and cauli?lomer (ﬁo oleracaa@ vare
botrytis Lo)e 1n raddish (Ra aphanus s gativus L.) aleo the duzotion io
longer hut 12 to 3@ngast on aakbaga (s. aletacea@ vare aagltega L.).

?upal duxatian of B, bgassic (L.) is obsarved to bs shorbaest
on knol khol (B. oleraeaaa.vae. q@nqg}ad@s Le) Fbllow@d by muatazd
(8. camggggeis VoPe: gggggg,Peaiﬂ), then cauliflowor (8. olorascons
vore boteytis L.) and roddish (Raphanus sativus L.) and last longer
in cobbage (8« gloraguas vare cagltatg.to)o |

Pt = e he e e o

~ Larval 6uratleﬁ.&9 Po braasieag (L.) is obssrved to bo shogte
ast on cguliflower (B. olagscaas vas. boteytis L.) then raddich
(Raphanus sativus L.) Pollousd by mustard (gg,camgestria vafe ggroen
Prain) aﬂdlalaég lengor in éabhaga Q&g olgracggg ua:._gggxtata L,)s

The incubation poriod of the oggs of Pioris bressicag (L.)
is ganerally obse:ved %0 be same on gll heot plants on which thoy
are laid. This 4s alaa obsorvod by Pukerji (1969).

In caﬁpaxison to Pioris beassieag (Lo) the 1ifo cycle duration
?zﬂigris nag& ﬁtggg Yanity, is vosy chort on cabbags (B. oleraceae,




vare Sapitabs Le) Pollowod by muotard (8o gcampgsteis vare SgEson

x(éja_uar.-h@:gzt&a_
L+}o Tho pupal porisd also follow tho camo modo oo choun by tho

Peain) ond last longor in couliPlowr (8, folor

_14fe oyele duzation sincs not much difforonco §o sbssrvod.

The larval porlod of P. gapi montsng VYonity, §s obsarvod to
be ghortest gn coulificrwse Qﬂp'@%g;;;@@ﬁ'ﬁago boptytis Le)e In
' a Le) and custord (B, gampostzio

cabbage (Be ol

AEQG0R0 vare Gapit

vare anrsnn Prain) the dupotion of lasvel poried is moro op less

samg and lnngsrAehan in caulifleuny,

. Tho fncubation poriod in . ngod montang Venity is olse
ganorally obscpved to bo same on ol host plants on uvhich tho sgge
880 1@36@ | '

‘ﬁu% aé guch, hoot plants do not singly affoet tha variotion
of tho li?alcycla 9f any spoclos of incoct. Sumbgous othor phyeical;
biochenical and bislogleal ﬂégzﬁra agé-a&ss rosponsiblo for those
ghangsg. It ia.oasaﬁued»in>thb spapies stu&ieﬂ,thae, tomparature
play a vory important role in centrolling tho dovelecpmontal tims
perind of the opeeleg. Bglom,$a5c (rcvm-temﬁazatura) ard abovo 26°C
tho dSU@aopmantallﬁarﬁéd of the éﬁécﬁ@s'sthied is affoctod drastie
callys As absorved in-éaxtaﬁn hast ﬁxah&s§ éhe~davelopment poriod
is vory long oopocially during tho winter manthe ‘= Docomder to
Januazy, dna'te tﬁe‘ﬂiapausing pupal stagas. Othor ©ases of photoe
porlodls inductien of pupal digpauso havo also boon foportsd in the
small caﬁbaga ﬁutﬁaa?lys.ggggggggggy@a,(L.) (Rono,. %973}..ﬁualkty of ‘
light,especially uvltra violot (UV) heve beon ohserved to podues the
dovelapment time in ﬁbss spoclas (Thoms and 9hilogana{ 1979).

In hotter arsaalo? India like Blhar and Uttar Pradosh, tho
1ife cyclo duration of D. Brassicas (Le+) gonseally is longes



(Fukhor §i, 19613 Gupta, 9981) uhile in Shillong and ite adjecont
arogs which areo rolatively ealﬁg tha 12?@ cyele duration fpron
incubation 8411 adult smergaﬂce is @uch shortar as ohsorved.

Tharo are oehaz ?acenza and conérolltng m@chansems mhidh'

- rogulats tho 1ife cyclo duraﬁiﬁn:oP tho apoelos of bu%%gr?ly
Tatuni.-tadg, viZeg Mb@ ' &cée (L.) and P+ napd osatang Yonity.
Tho eggoragstiag behavicuz‘aa 0hsérvaﬂ in thz Pield, ospocigily in
o beassicao latvéa; ﬁe§ n?téﬂ load ﬁe'euppressinn of fastor dove
slopaont, bacause of csmpatatian for Pond Tocourcos, ubich ?uzthee
1cad to slowsr: davalapmant and growth in gonorale As ebsoevod in
othor spoeles of buttorfliag and aotha (Smith, 1969) and other _
insccta (Perk, 19383 Sang, 1949, 1959), that crowding effacts the

- genoral growth and 11fo cycle duration of such epocies. In case of

_'gﬁ napl montans Yonitys not nuch of larval crouding bshaviocur is
chogyysd becauan ﬁhe.ﬂggS"anvlaid aingly but tho opposite i

obsorved in Po brassicag..
L -

aga eP eha hsst planes on mhleh tho Lasvae of Pe brassicae
ﬁ;(L.) ang Po nopd gontane Ueniey, Pacd also mey effect the 11fo

"Egcycle duzation, 6998016119 the fooding stagaa, honce conteibuting

to the total xa?e cyale, eithop chortenod or prolonged it. Thia
,?actsz was not stud&ad during ehis investigation but blochemical
" factors 1like ozgawin nitrogan, ?ras amiﬁs aelds and fros sugars
 .mare considered in molotion to 1ifo eyels duration and othee ocolos
oical effaci@ncgs i consumation, orouth and eonvorsion aspecea. “
as it 3s o knoun Poct that the host plant ceapooition doos a??ects
tho lifa egcla of the inscots feeding on them. Pe@tein gad leaf
" posin compenition of tha foed plsnt (Diplacus auraat&acus) of tho

. chockorspob buttorfly (Cuphydsyos chaleodona) ePfocts the lasval
' 14fe dupction and sesponses dus to this Pactor (Lincoln gt al,1932).



Loa? nitsooa and wator contont vaslatien in tho host plants of
Collgp butterfly logvao sloo a??ac% tho legvel pospensos and 14fe
eyelo (Tabashnaliy %992).

But not only 1ife eyelo and the lagval a@epaﬁa@é ore affoce
Sod; but also tholp choiess due 20 the hast plont quality, as im
tho cass of bootles [Hosolna, 1982) and othos forest inscets
(Lundarataeﬁ%, %98%)9\

ﬁﬁ%?@ggw canﬁgﬂt in tho diot of P, bragsicas aﬂd Basgﬁh 5|
beassieas soqulatos ths dovoloprnond of these opoeies (Barouava and
Semorsov, 1976) ao hos boen oloo roported in sono oiter insectoe
‘mier@@sﬂ 1.0. organic aiamgsw;@a-s r2ally poqulate tho 1ifPo cyelo
af mony insecte. In cevs of P. bzaossicos and Pe nopi @ontang
Vonity, it 1o eboorvod, thet in nustard and roddish chero tho
orgonie nitrogen ia high, tho total durotion of 1ifo cycls of
Po Qﬁggaﬁeéa'ﬁs shost in comparison to csbbage and cauliflouwds
vhepe the total ezgenic nitesgsn is lowr. Honse, tho total 1life
eyclo duroticn of tho spoedos tokos mueh 1@"%8?9l903ﬂtlﬂg out thaot
nitrogen 15 eno of the Factoss pegulating the 1ife cycle of the
speciss. But this 4s not do comwincing in Sissis naopi montang
Yonlity .

Totel Peoco amino acid and total froo sugsr composition ef
the vorious hoot plants of Po beagslean and Pe nopd montana Yenilty,
singly do not gfPfset tho 1ife cyela duration of both tho apeclies
whon compasad £o0 tho offocts ohsatved 4in the casc of nitrogen. In
gonsgal, the host plant 45 the sole fPacter en which ths 1ife cycle
of any spocios is depondont on, g3 atteibuted by sthor workers
{t:amaa. 19805 Gupba, 19823 Prootidgs, 19825 Ledorhouse of al,1962)
" osposlially &n chooing Sypos of inscets.
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Tho offects of host plents on various dovolopmontal aspocts
of P. brassiess has algo bBoaon roported (Gupta, 1981) as well ap
tho difPerent consumption and utilisotion effieioncies of the lese
vap on various host plants (Gupta and Maloyvar, 1981). Vadave g8 al
(1979) doscribod the vorious consumption, ossimillstion io pesitie
voly ecoreelated. |

Gonorally consumption and grouth ore not corrolatod distine
ctly 4in Po braaéicaa as obsorvag feom the expétﬁmants pogfornade A
sorias of variatiaﬁs'enuld 5@ scon vhathor in consumption oz grouth

performancos of differont larvel stages on differcnt host plento.

Cauliflocer (B. oleracas vore. boteytis L.} and knol khol’

(B oleracoa vare gongylodss Le) are the host plants wheore consumpe

tion rats is high uhile the growth rate is not satisfactory so as
te otteibute thass tuws hoat plaﬂté as most preferrede. In cabbago
(8, oslorseas vare gapitata e.) thers is 3 unifora rate of conoumpn

tion in a1l 3azval stagas of Ploris Drassicso and there olse euists

a uniforn growth cato among theme Tharefors, from thia poliat c?ﬁ
view, caobbage could bé attriduted o be tho moot prefersod host .
piant@ 1P consumption and g:oéﬁh is gonaldasrod. Honco tho host plants
of P. brassicae shsﬁ'int:QSgépific variation with respect to host
faveurability an suggested in othes phytophagous insccts (Jouznct,
19803 Tabashnik, 1982).

Digestibility and conversion officiencies veey in P.brassiess
(L.) Prom stage to stage"o? larval 1ifo, on 51l host plonte testod.
fis calculated Prom consumption and growdth pasametsrs, officisnciocs
1ike £03;, £CO and CAD ars very high in almost all tho host plants
and 4n all tho larval stages tosfod. Low efPicisuelss of canversgqn
and digestibility is obsepved in cortain cases of oxparimento, ggiéh,
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| may o atitributod €e aarasiﬁgsation, aﬁ&eéaes and age of tho
porasitese. As in provious roports, svidoncos havo besn brought
forth to support -thio phgnaéang (Fucheor, 1980)e Grouwth as wsll

as cansumpﬁion.mév aloo bo aé?eeead by such phenomonae

tildootion of nitrogen, in tho organic forc, in P.branaleas
ﬂs obseeuaﬁ %a e sﬁabiiﬁaad on oll heot glaﬂto as caleulatad Prom’
dey woicht m@a@uremants. &itaﬁgsn utilisation, as obsezved from tho
nitrogen contont of hast plants fad and focos excretcﬁ.by tho
: 1a§uae‘oP gw'ggggggggg, tends to fluctuate round 30=607 (Fige 7A).
_Naﬁécgen“utiliaation, agseing 29 othar officisnoios dopond on host

of factors, liko paorasitisation and dissasp of larval stagev.

~ Aoklno geld and sugar utilioation as sean from wot woight
gnolyces of host plante fod and foces axerotod by tha larval stagoo
of P. brasalena ohow a tondoney which 4o mord or less similar in

" toth. casede

Aming scid utinseuon" ranges Prom 7090%, this Pactor s
uary atoble as ﬁbvarvaa in P. brassieas larvas (Fige 7B). ﬁmiﬂn
asids ase wall &aoun as Par as &heir functian ic concernsd, asnae-
sallv as building blacks‘a? uatinue protoins saquirad for dovolopmont
and aeowth in ganaral (Hause@ 1978), hence their u%ilisa%ﬁan is vory
hﬁ:?h. '

Utilisation of sugar in P, brassican larvae is also more or
1asa stablo on all hast plants Pode Tho utilidation of sugar rangos
feom 40«30 (Fﬁg,»?t). Sugars, ospacially gluecose is woll knoun Por
its biolonical function as an enoeqgy producing molacule, which 4s
ver§ much ossontisl for propor growth and dovelopment (Winglesuoreth,
.1972) henco $ts high utilisation ao observed in B, gg@Lu.crucivorg
(“ciad) (tuaano and Nishido, 1978).



Fige 7 Utilization of different chemical Acnmponents in
percentage of various host plants by the larvae
of 2. brassicag. |
a) Nitrogsn
%) Amino acid
€) Sugere
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These dedwctiﬁﬂs‘hava tbeon made only on . hrasaie:
larvas in rolation to tholr fooding, on yeung and sroulng hoot
plants. Tho utillootion of difforont chonical componsnts by tho
larvae of this spociss &5 apgain governsd by factors like lagval
parasitisastion agnd dissaosos togothor mﬂah.%ha ago of tha hos§
plants on uhich &hoy fecd.

‘Amgno acids and sugars dotected in tho fecos of larval
stages of fioris brosolesa (L) ate quantitatively low, that by
aimpia papar cheamatagzaphic psqceduzes@ ihay tould not be‘datsca
ted as suchy while by apectsauhﬁtnms%riz nathads {as has bean
carriad‘aﬁt)g thoy could be easily gquantifiad. This is the basie

on uhich the utilisation massurgnents have boon fPacilitatoed.



CHAPTER III



Lazvel Teeding and adult oviposition preferences and effoct

of cheomicals on larval fPesding behaviour in Pier;g?hfassicaa (L)



3.1, —INTRODUCTION . 1 0 9

ﬁéat i? not oll plant spocles mey satisfy the fPond roquirce
monts of cortain insects. Some of the insscts will thrive on ssverel
. plant spsciess which botanically can bo quite unreloted. Others havé
a more limited appatiteland ra;ish only a few relatod or sven ons
single plant apaéxesg Food sslection bohavicur which has besn more
subtly dovelopod in insacts than in any other major group of animels,
may Pocus on throe basic questions (Schoonhoven, 1972%) 1« (1) in
uhich way does s phytophagous insoct selaect its host plant in an
environment in uhich a multitude of plant spocies ususlly oceur?
(i) what is the ?unction of this behaviour 1n-physlolagical and
ecological terms? (i11) how did tho Pond selection bohaviour devole
opad during evolution? ' o

flany specialised insactvhsrvibﬂéea choose as food, plants
which contain *specific plant sacondary cumpounds’, For Bilaris spp.
only plants which contain glucosinolstes are racegnise as potential
food piants and adulta‘o?cggggig.bsassicae {(L.) always choosa such
plants only, for oviposition (Vorschaffelt, 1910). David and
Gardiner (1962) tooted tha action of mustard oil glucocidss as Peoe

ding stimulants of Ploris brassicas larvas in somisynthotic diots

ovith positive posults. Mitcholl (1977) Pound that gravid Pieris
brassicas usually seloct araseicg:oleiac@a var. oloraseoae es hosts,
with strong positive reaction to Grignard's picrate test. This is
attributed o tﬁ@ prosonce of allyleniterile, ths specific attractant

for ovipesition.

Adults of oligophagous lopidoptera utilisa'apec££ic contact
chemicel stimuli to discriminato host Prom none=host plants. The |

stinulil appearsd to bo parceived by chamoreceptors locatod on tho
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tarsi and ths ofPect loads to ovipesition. In its bsonco oggs
are not noraally leid. The ws.posuianax stinuli Por Piopia butte
erflice oro sinigrin and related mustard oil glycosidss (Devid and
Gardinoe, 19623 ﬂavanigz and Chang, 19633 Schoonhoven, ﬂ?é?i_wa
and Schoohhovon, 1973). L

Fox (1974) roported that in the case of Bioxds zapao (L),
ovipoeitional proferance rangss Prom Brussels oprout to cabbago.
But for natural o#iposielon.tha cagbbage=worn gdults profar Bruaéels
sprouts more than couliflower and ceuliflowsr more than cabbagq,
This shous that even emong the cruciferous plants also, gggggg ébp.
exhibit diacriminattan, bhut so far this bshaviocur has beén roported

only in Ploris rggaér(t.)v

' Inspots,y alded by thaeir chemical seonses ars ablo to solect
their food, to a large oxtont bass on chemical characteristics.
Various compounds ptesent in thoir Pood may serve as sttractants
and phagnstimuiants, thus promote Pseding. On the othor hand,
inoocts are altorted Pﬁr Paading dotergzont compounds in theoir envis
ronmont which oignel mutritionally suboptimel or toxic foed stuffs.
In case of Pieris brassicas (L), 6nce the adults lay their oggs on
a saolscted plant the larvae is oxposod to inovitable situation and
has to adapt thomselves to uhatever tho conditions are, be physical
or chemicals. Aftor the incuhabloa-period, the larvge hatches and
baginning Ptoﬁ‘éhis'ﬁéiicd only, thoy aro expsssd to such unprodice
- table environmntal conditions (Schoonhoven and Dothisp, 19663 '
Schaonhovan@'?969b)§

The larvas soarch for food and started chewing its food
plant. At this stags tha larvao are sub jaected to many hoat plant

chomicals, which load to moro feeding or cessation of foeding. Horg,



ths host plant cheailcals ((liko sugars, aninoacids, soluble prote
eins agnd othar sueh compounds present in tho sap, play a very

vﬁmpnxtant'aﬁia in 1imiting and dolinmiting feoding (Joray gg,gg,aésa).

Feom the béhayiour éoint of viow, the nogvous eystem attract
special atténtion in:such ana1ysee. thile studying food selaction
in phvtophagaué'insébts many quastions arise, as uhether tho diffs
arant bohavioyral roactions touwapds cortain Pood plants by difforent
insoet spocies g dus £o the fact that thay §acaive difParont
sansory . information from tho sams plant or whether in diffarent
specics idontical sonsopy mossages are procaessed in g difforent way
within tholr central norvous systoms end therefors lead to difforant

bohavioural roactions.

¥han g natural stimulus, such as plant sap, ie applisd to

tho tup maxillary sensilla stylonica of a Pigris caterpillar, the.
rosulting impulse pattern in the Porm of chemoreceptory cells pre=
sant, is ofton varishls whon differont individuals gpe compared, it
also variss uyhen diffgrent chomicals ars tosted, espscially in
topme of behsvioural rsactions. Tha different raactions to chemical
stiduli in oxperimental conditions has alpesady beon studivd by
Schoonhaven (19762,b; 1977@,5)-uaing electroantennograghic methods
but only certain group of chomicals like doterrents and attractants

gare analysed.

In tho prosont study, ovipositional and Peading, preferoncos
botwgon salectad host and numwhost plants, and tho affects of
various organié and {norgonic chanmicals on the larval focding behae

viour of Pioris brasaicas (L.) was fnvestigatod.
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3.2. SATERIALS AND FETHODS

Frosh host and nonshost plants wore collected Prom tho

~ Plold and brought %o the iabaratory in plastic bags.

3e2+%« Tost for food plant preferanco.

Loaf discs of uniform sizes (2.0 co. digmeter) were cut out
from hoalthy and growing host and nonshost leavss. figena cholco
teatévware conducted in glass potridishes (21.0 cn. diamoter X 1.5
em.high) which are quartesly filled with paraffin wax (303) (Fig.8).
Humidity insido was maintained by wot Pilter paper lining (thatman
H0e7) with 3 poncil merk at the centyo and tho four poriphoral
sites to indicate the position Por ths leaf discs to bo tosted. Vo
avold positional effoets in thse area and possible directionsl stie
muli, the position of leef discs wors randomized Pollouing tho
aothod of Chow (1980). Leaf disce uware pinnad to tho poriphory of
the arona at tho contres leaving a small spaco (spproximatsly 0.4 -
0.5 ecm. hich) Peom the bagoce. Bisrpis bgasaicaq (L4 Yarves usod in
thoso tosts, usre coither labofatory rearad or collected from the
fiold. In both cases, larvae are starved for 10=12 hrs. bsfora the
oxpsrimsnt and adl?-ﬂaalthy and active larvas are selscted for
choice taéta. The 1ast stags larvae are uscd in most of ths tosts.
Larval behaviour was xécnzdsé 8s tauching, attacking and chosen

depending on the time tha;larvaé spend on any leaf disc.

In anothor set of experiment, a required nunber of larvae
wege salected and choico tosts axporiment ware conducted only mleh
selected plants. Larvao were volsased in tho contre of the arena and
aboerved undor o ?1amd'%1me_pet$ad. The number of larvas found Pese
ding an any 19@?;d£éc més noéed¢ parcen§ag9 of feoding larvas was
calculated Prom tho obsorvations. A nanhosﬁ plant disc is used as

a contpol in all;expaézmanta» _



, o P e Filter paper
(d is C " .:A ‘\ S ¥ o nv,v.;.,— T A..:.(\r.»g-:.-ﬂ‘ . ;ﬂqu_‘.»_»-; TN A A . : Wax [a y e r .

- Centre of areha

- Leaf disc

- Fig.8- Diagrammatic representation of Arena [}
- an _'dxsc positions for choice test.

A= Sectional view gz Top view
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Je2e20 ﬁ??act‘aﬁ,chahicaXs on_the fgading behaviour.

Rctive fPoading (D) PAPth stage larvas.of Pioris bressicas (L)
(Mate=2 F) were used Por assaying tho offects of known chomicels
upon thg foading behaviour. Various knﬁmn chamicals were dissolved
4in distillad woter soparately and éheir 5% solutions wore used for
éxpar&manﬁé@long o -

- Four hour starued laruaa wore faod thh differeﬂt host
leeues undar 1abnratury conditions insids a glass containop, ususs
- 11y in a small petridiah (9.0 co dizmeter X 1.5 cm high). ¥hen a
larva is actiualy ?eading and chawzng.its host plant, @ knoun
ehemicai golutian is administared by moaans of glass micropipotto
an théﬁ pa;t:of-the’hoat plant mhéra the larvs 15 activeoly fPosding,
.and its bahavioural rasponse is o&ssrvad directly and scored sccore
ding to ths dagr@a of taaetion, such as eacaping. regurgitaelng,
actiue 9aading@ and cassation o? Peedlng. !n this case,. ong lagtva
is used Fbr ons solution tast to avoid orror of rosponso, according
’to the mathod o? achaonhavan and Jermy (?97?). A sories of chemical
solutions o re ecreensa hy thia methoﬂ to Pind out atimulatoey and
‘ daterancy e??acte an the ?eading of thase Larvae on their ascepted

host pmantaa-wateg i usod as o control solution.

3.2.3. Ovipositianal proforenced.

| ‘ These enaer&msnts wope conductod in a nat house (4.6 o x 2.8.
m X 2¢9.m)s Seplings (1=2 aonths old) oP verious host plants a? '
Bloris brasaicaa (L.) wera purchased from Barabazar markst, Shillong,
andvpianted,in plastic buckats (22 X 22 en) insids the nat housg.
Cauliflemer~5r359£ca oleratea Vare hatfg&is {L+), cabbage=~ Brasaica

" oleracca var. copit ata~(L.), mustarde Brassica campastris var.
mw

Barson Prain, raddishe. prhaﬁus gativua L.) and knol khole- Brgsaica
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oleracoa vare. gongylodos L.) wore agrangsd in group of S(Pive)

sorislly and randomly numboring ¢o 40 plants in a not house.

Froshly coerged adults of Pigzia brassiecag (L.) (4«5 paies)
roarad in' the 1aboiatorv woro 'releaea& in this net house and thoir
avipocitional -behami_:our wore obosrvoad dai‘ly by counting tho number
of plants ovipoeitod. Porcentago of oviposition was celculatsd on
the bssis of tho numbar of batchos of agas, lold on a specific host
plante ‘Th‘ig was chserved dally mith the reqor'ds of hymidi_ty and
'ieﬁ;ﬁaraébra. baﬁd bu’t#anf’lﬁeé wore replaced by naw omé,p Hoalthy
o ,plan;hé m§a~ ussd for :t_..hi.é expe‘r_imanﬁ and sapl.in_'gs shﬁwing signs of
| Qigﬁng ?ém iémav_ed and 6919 onas are intéaducéa. Pagrt of the leaf
on ghich o_viméuion hao sccurrod, wWRre ‘_cut off and washed with

wstor 9
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‘Je3e RESWULTS

S¢3.1+ Food plant praforancag.

The last otage larvee of Bloris brassicas (L), exhibited a

sorias of bshaviourgl rosponso towards thelr accoptsd host ond none
hast plantse ﬂasulta'ﬂf behavioural studies on Pood plant proforons

co by the lervan, 4is tobulated in Table-%.

Sut of ton plants toostod Por lazval prefersnces, Plve are
wall krown hoet plants of P. brgosicao. Rll‘thas@-?iqe host plants;
viz. cabbage, caullflowe, knol khol, mustard and raddish oxhibited
same larvel responsos. In all thoso host plants, the larval beho=
viour is obaoesvod to de in throo distinct phases. The fiest phaso,
is that the larvo moves $0 tho sito vhore the host plant'o disc io
located and Boging ta 'touch® it. The socond phase follcws immedie-
toly aftor touching, vhoro tho larvas "attack’ the 1eaf disc by ito
antorior parts and tho third phaso follews by which tho lazva sgamte
! Poeding® ox ‘cham&ng*';e the disc vigorsusly, genorally without
cossation till it is satiatod.

In eago of nonehost iaa? disc, viz. Poa, Basotroot, Potato
and Lottuce, o difPoront typs of lorval bohaviour [is observad. In
all thmse bahauinuzal ESSPONSSS,, tho larva exhibitad only ths Piest
phase of act&nng 4000 ﬁouching. thile ths other rasponses aro not
porforand by it. Unlv in case of Lettuce (Latucg indieg L.) it do
chsorveod that ths socond ghase i.0. attacking, is porformad but it
,duas_nat last long a9 seon ﬁn proforred hosts planto. In Poa

(Pisun sativum L), Baotroot (Bots wulaaris L) and Potato (Solanum

tuborasum'L) only the Pirst phase of bohavisur is-ebseaued. Aftar

"touehing® the Lagué rotroat Prom tho leoaf disc of those plants.
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T.&BLQ = 9

Bohaviourel responsce of ¥ (last) otage larvae of 8. begssieag
(L.) tp varfous planto.

2 = R -¥
PLANTS TESTED _{ rouchinG § avTackInG { Feeping

Cabhago :

{Brassica oloraces vare capitata L) * + &
- Couliflouwse

(8. oloracea var. botzytis L) * + *

 Knol khol |

(8. oleracos var. gonoylodes L.) > + s
‘Hustard

(8. composteis var. seeson Prain) * ¢ ¢

\ Raddish v
(Rephanus sativua L) * + *
' Pas o
(Pisum sativum Le) + - -
Boot oot .
(Bota vulgaris L.) ¢ - -
_ Potato '
(Solanum tubszosum L) + - -

Castor

(2cinus gemmunis L) ‘ = - -
Lettuce

(Latucs indieg L.) + + -

¢ = pasitive responso ,
= = negative reoponsg;,



On Castor (Ricinuo cammud&a) leaf diec Prom among all tho
plants, nogative rosponse was oxhibited by the lasva

3e3026 ﬁi??ersntial ?eedi proforonco towards host“planté.

Rogsults of profercnce toats gmong various host plants of tho

larvos of Pe brassiecgs (L) rovealed that even within accepted Pood

planta, thero oxist o diffarential feoding proforence among tham a8
shouwn in Fige e |

Various cholco tosts wege conducted and pesults show that
the larvae of Piopis brasaicas oxhibited a series of host plant

preforonce in a'*cholce‘ situation.

Tests, uszing haat’plants, vize cébhaga, cadli?lewar and
mustard, indicate thaet the lagvae profarred to fesd on mustard
primarfily. But given a choico, the sscond moat proforrad plant is

cauliflower and last is cabbago.

In teosts wuhera host plaﬁta, viz. cabbage, cauliflousy and .
knol khol are ptesent;.a.high porcentags. of larvas chogsss to fasd
‘on cauliflowor Piest, uhich g lowusr percentage Pesd on knel khol
and ths least on cabbage. '

then cabbage, mustard and knol khol wsre tasted, maxioum
nuober of Iaéuaa pra?@rsed,tof?ea& on mustard. Minimum nunbor of
1aguae‘Paag on knol khol and cubbagse
‘ In the other tests, mustard (was most proforred by a maxie
wum nunber 6?’1atwaég'ai£hnyéh in cauliflowsr, tho numbor is not
vory laeaos than uhcgn comparcd tc.knoi<khol. :

Gthor tests show that in raddish, there is a high percentags
of larvgo fosding, while in cabli?lamer also prefersnce is not low,

but in case of cabbage a very low numbor of tarﬁae are fasding.



Fig. 9 Peraantage of P. bragsicas larvae feeding on a
cettaln host plant?s disc in various ‘Arena.

Choicg Test® axparimanise.
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Tho othor tesﬁfiéueeied.thae on mustard there occues a

high porcentsgo of larvas '?gé;ding, than on raddich and knol &hole

Raddish was cbsezued te be the most proforred host plant,
duz to o high porcontags of laruea Pooding, while on cahbege also
a vory high numbor of larves are feoding in comperioon to knnl

khal*as rovoaled by choice tasta.

Othor toots, show that in paddish and ceuvliflouwer there
iexﬁst an ogual numbgr of laruag fepding on them, but on knol khol .
" the nusber is quita low.

In all preference axperiments conductad on the larvas of
Be Qggsaicga,‘muatagd proves to bo ths most proforred plant in o
*choice* éituation,-mhara sbmg of the hnet»piants are also ptaaene;
Caulifiower and raddish are 2loo well preferved "than' tho othop
host plants, viz. cabbage and knol khol.

EPfects of chomicals on tha Pesding bohaviour of P. brassicas (L).

fActive Poeding last stege larvee of B. brasaican (L) are
exposad to many types of chemicals prasant in ths sap of the host
plant. P, brassicas being an 6ligophagous feader; is faced with
many ‘such plant chomicals which tends to inhibit or promots its
feadinge

3e3¢3+ Inorganic salts.

Ton inorganic chamicgl'ccmpounds'hava-been tostod with roe
gard to their ability to imhibit or promote feoding in tho actively
feading last stage larvae of De b;agq&sggv(L). The various bohavioue
ral responses, exhibited by a larva when Pad on cartain.hoét legf,
due in admﬁnléﬁration of a knoun 1ngrganie salt, is recorded in
Tablee10.1. -
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Behaviaurax rosponces of Poading Uth (1ast) astage larvao of
P. bzgeaican (L.) towsrds various organic chamicals.

TRECURGITATING] E3CAPING CESSATION OF
INDBRGAVIC SALTS oo —LEEONIE
o 4 I j 1~z
Sodium acotate ¢ ¢ ¢ & & 9 e + * @
- Sodium nitrate . ¢ ¢ 2+ ¢ ® o o «- » o o
Di-Sodiun hydgogen
phossmate & 4 ¢+ @ ® & L 4 @ o ) -
ammeniun Chlogddes o ¢ ¢ ¢ ¢+ + o o o =
ammungum Sulphsts 4 6 + & & 4 @ ® o @ =
Cadniun acotate ¢+ s P > & * * + ¢+ 0
Potasolunm Nitrato ¢ o+ & ¢ o @ & 9+ @+ @

FY
*
ry
&
+
%
L ]

Lead Acotate
Flagnesium Sulphate ¢ ¢ + ¢ ¢ ¢ <+

Hanganous Suylphate ¢ -+ ¢ ¢ ¢ ¢ o

Cy = Cabbage (Brassice olegaces ware capiteta L.)

€, = Cauliflouor (8. oleracss vare botrytis L)

# é Rustard (g: cempostris var. sarsen Prain)

K o Knol khol (8. olevace vare gongylodos L.)

+ = positive respanse
= = negative responsg
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S4x inorganic salts tastod out of ten, oxhibited inhﬁbitorv
ofPfacts on the Paeding larva of £, W- Sodiun ae:at‘até,.tadu
oiun acotate, Potassium nitrate, Load acotate, magnssium sulﬁhate
‘and flangansus sulphate; oxhibited intonse inhibitory rosponsss on
the fooding larva. Ragﬁtgltating of saliva, is ?ollowsd'bv anothor
‘ 9haaé'o? bohavicural iesponse, i;e‘-escaping. Aftor thers tun vose
éons@a, thera is cessation of ferding, éhich lastaed for longse
psxiaa'anﬁ the larve suwitch osver to anothor part of the host laaf

whore thore exist a 'fros chaenical zone'.

Sodiun nitrate, lead to regurgitation only when larva is fad
-on laaf adninistorsd uwith it. Tﬁa~oths£ rosSponses, ascaping and

- gossation of feading of the larva are not ohsopved.

| &hen dl»Sod!ﬁm'hydgngen.bhcsnhata is administoreod to tho
sité af act&vé"faadlng'by a lagva, its Qeﬁaviuuxa; raspcnééé con=
sisﬁs of tum bhaéss only, ragurg1tating end ascaping. The Zhired
phassa oP_respéﬂse'is.not'abservad, the larvas continuss to facd
undisturbads Tho sams obssrvation has baon made; when ammonium

chloride and gmmonium sulphate are tastod.

3;3.4. wété# soluble amihoséélda.

"fwalvé'métef sslﬁbla~aminolacid9 have becn scresnod to assess
their sbility to inhibit or promute Pasding in ths last stago lorvae
of P ggg_ﬂgggg,(L). Behavlaural responses exhibited by & larva
feading on a cortain host plant leaf, duo to the admiﬂistration of

a kroun aming acid ia racorded in Tgble=10.2.

Amongat a1l water soluble anino aeids tosted, only Dl-
mothionine and glycine does not axhibited any sign of proveking in
zhailarva during Peading on solected host plants. Thero is no rogure

gitating, escaping or csssation of Pesding responsss in the foeding
1arvas. | o
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Taﬂlf:- IQSZ

B8ehavioural responses of ?eed!ng ¥ (last) stags lasvao of ,g_gg&g,
w (L.) towards mater solubla amino scids.

CESSATION OF FEE-

o asuuasnarms? £SCAPING 8
AMING ACIDS i e ér DING

'_c‘! "c.z ® K } Ci Cp ® K i‘c1 . 82 M. K

Dl«algnine A4 : 3 ¢ @ » @ = & - o < -
orinine e L Lo e e
L=hydroxy peoling ¢+ + + « o ©®© = o 4+ ¢ + *
Leloucine ¢ .+ ¢+ - = - - -
Dleisgleuetng ¢ ® + @ * & $ +» o - - -
ti:i;?; phenylales & . o o ¢ * + @ * » * +
.. .Blycine o @& % ® © ® @ & @ = - -
L=proline e 4 + o @ m we & & + »
Lw;‘at&na - - L - o o o LI + +
Dléi:ﬁreonina . ® PN 3 L + o 4 + * *
Olwualine . + % * @ & @ o Y * + *
‘La&“mﬁth ionine - - - - » o a» © o o - -

Cq = Cabbage (Brgs.sicg oleraces vare. copitata Lo)
€y = Cauliflover (8. oleracos var. botrytis L.)
M = tustard (B. caompestris vare garson Prain.)

K = Knol khol (g., sloracea vare gongylodes L.)

.. = nggative responsas
$D = positive roaponses



Whon Diealanino f{o adninistored on tho Peoding site, the
laxva reacts by reguxgitating only, but escaping and cossation oP
Poeding is not inhibitad. The same bsghavioural rosponsas have beon

chsorvod when Leloucino is administored on the fesding sitae.

~ Aagurgitating and coasation of Paoding have boen observed
in the feeding larva, whon bnarginina monphydrochlorido, L=hydzoxy
’ ptnlins, L=proline and Dlevaline is administored on ths fgading

., site on all acceptad host plants. Escaping behaviour is not obser=

_ vod when thase amino acids are tested.

hen Dimisoleucine is‘admin&stered on the feading site, rege
ufgitating §nd sscaping gasponses haue baan observed in tho actively
chewing larva of B. hrassicsg, whsn it fPoada on any of its accepted
food blénts. After a short pericd of ielaxatian,.tha larva starts

chewing again on tho sama part of the host leaf as if undisturbode

o tegurgitéting reaction have bssn observed 1ﬁAthe activo
foed larva of B ggggggggg, mhsn Dle8ete=phenylalanine is appliocd
tn the site of fasding on all 1ts haat plants. Intense responsa of

escaping and cessation of Peading is observed instaad.

N then Leserine is applisd to the feoding sites of tho larva
of B, ggg;ii‘gga, no regurgitatiag and sacaping reactions ars exhie
bited, when fod on any of ths accoptod host plants. But thero is
" cassation of feoding for & very long period and the larva doss not

somatinas, Peod at ail.

Al ﬁhiaevphases'o?'behaviougal POSpONSGS have bgen obssrved

in the larva of 2. ggggggggg, Qiéq rogurgitating, éseaping and cess;
A-atian of ?aeﬁing, vhen Dlsthrgonine is adminioterad on tho Pesding
site of the larva, on a1l gccaepted host plants.
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' four organic acids have been tested with regard to their
ability to promots or inhibit, Poading in tha last stage 1arvaa,’
of B bpagsicag (L) Behavioural peactions and responses of tho.
Paoding larva, uwhon fod on a cortain host plant laafy, dus to the
adninistration of o known organic acid is rocorded in Table=10.3.

Qscq:blc-acié; dooa not inhibit the Peeding of the chewing
larva, since regurgitating, esceping and eossatisn of fosding pase
-‘-panées are nnt,exhibitéd@ This is;obsarveq on all sccepted host
.p;ants. |

then citric acid is abplied tu'thé feeding site of theAlarua,
wvhila cheuing on any of ths hnat plants, violent regurgitating re=
action is obsorved. This alsa has bsen obsorved mhen succinic acid.
is adminisaerad on the fgeding site of the latuaf Escaping and

cessation n?.ﬁeeding doss not occure

Oxalic acid, 1nh£bitad feading 1n the larvaa of Bs brass i
uhen. adninistered on the Peeding sxtes. Raqurgitating and escaping
roSponses ore nbserved,mhich wave followsd by a long phase of Poge

ding cessation. This is observed on all host plants..

3.306. augara. '

\ Ten sugars heve been °csaanad to assess their ability to
: suppreas or promots feedlng 1n the 1ast larval seaga~a? P+ brassican
?eedang cn its accapeaa host plants. Bzhavioural rosponses towards

thess eugars, by tho larva of Po b _5§gg~"gg,19 rocorded in Tabloe10.3.

‘ Glucose‘mhan applied on'tha Paading site of the actively |
chawing larva of B bggasiggg,gane:até intense regurgitating res~

ponses, but the othor behavioural phases are not obssrved. The
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ABLE = 10,3

Bahavlou»ax rosponsos. of Peading V(last) stage lasvae n?"Jyggg
' ‘bggagicg (L) tovards | varioys ogqanic acids and sugara.

-9 -1 i : 3 N g ) 503’
CHENRI_XL COMPOUNDS REGURGITATING § ESCAPING CESSATIOY, Fg ZEDING

CyCy B K JCeCy W ‘K 1; Cy €, ﬁ. K
hscorbic acid > ® o e ® e @ e ® e e o
Citvic acid e ¢ 9 o = ® o o o
Oxalic scid ¢+ 9+ 4 & ® + & * o+ @
Sucednic acid. ¢ ¢ ¢ ¢ = B o = e o = =
D=aglucose $ e b ¢ e e @ @ » ® ®w =
Sueross ¢ ¢ ¢ 4 & @ = o > @ o® =
Galactoss > ©® o & ©® © o o v ® o o
Dextroso ¢+ 2 4 = o e o o ® ® o
Aaltoss ¢ ¥ o o @ ® o = * ¢ ¢ ¢
Xylaose e+ ¢ + ® o o = * * 4+ %
Ribkoae ¢ ¢ & 4 © o o o e + 4 @
Rhannase ® 4 + @ o o - o - w - -
Mannose P O+ ¢ & = e o * ¢ o+ ¢
Arabinooo ¢ & ¢ 4+ ® e = w - o = =

€4 = Cabbags (Brasoica sleracea vare capitata L.
€z = Ceuliflower (3. oloracca ver. botrytis L.)
M = Mustard (B. compestris ver. sarson Prain)

K o Knol khol (8. oleracos vars ggngzlodss Le)

+ = Positive responsa
- = Nogative rosponse



larva chow its Pood sctively as if undisturbed. This is elso cbeope
vod when doxtrose, rhomPass, sucrose and srabinose are aduinistexed

on the faoding sito of ths lagvae, on all asccepted host plante.

Regurg&tatipg:and coasotion of Poeding reaponses haba bosn
observed in tho larvae of P. brgscieass (L) uhen maltoos is epplied
te 485 fesding sito, on any sccopted host plants. Escaping ﬁeecgien'
ia not ohsorved. Thaso :esponsas have alsc beon racordsd in tho
active Peoding D, bragsigag (L) larvas, when xylose, rihoseAand

mannose wvess administorsd to its Peading site.

from amongst gll sugars testod; only galsctose doas not
inhibit the feoding of P. hrassicaq lervas. This is observed when
it is applied to ths Faeding\éiﬁas‘oF the larvae on all host plantge

30347 0\!1?0:9:13’ i.AO nal pro foronca »

y (L) adults are knoun to ovipesit only on plants

whoss tissues contain mustard oil glycosides or glucosinolates.
Thorofore, =211 host plants accepted by tho adults for ovippsition
and larvan for Pgeding ere contain these spacial class of sacondary

subatsncos, which are spocific to cruciferase.

Adults of B. bpasolcas show ovipnsitional vardation touard
the&r'aécéptad host plants gven i?Aall of them belong to cruciferse,
thorafore, containing glucosinolatas. Ovipositional proforence of
Bo hrpassieas adults in nat house conditions, towards their food
plants diffsrod from onp host plant &o another (Figure 10<8).

Genorally, 1=2 day old B. brgssigas adults show no sign of
cvipositional behovigur unlass roloagsed in the fisld. Undor not
house conditions, it is ohsarved that amongst all host plaents tastsd

for ovipnéitian,_caullPlemat (8rassicee oleracoge vare bottztléwL.)



proves to ba ths most pxefeiwéd. Qarinua ten day enperimonts ‘
oxhibited that from the third till tho tanth day, maximum csulie.

Plowsr plants arsc oviposited.

Raddish (ﬂggggggg,ggggggg,L.) Prom amongst the host plants.
tostod provos to bo iha loast preforpod hcstl?oe evipasitibnsby |
adults of P. hrgssicas. Very few raddish plants wore observed to
' contain eng batechess ,.

In cabbage (B. pleraces var. capitsta L.) it is ‘obsorved
that uniform oviposition sxists Prom the second to tho sight day of-
the experimental periad. £gg batches usre also uniform in number.. o
This was also gbserved in case of knol khol (g, oleracea vare 22222£

-lodas L.); whore oviposition axisted from sscond to tho eight day.

Oviposition of 2. brassicgg adults in case of mustard _
(B. compestris vare goraon Prain), started Prom the third day of
tholr exposure to host plants. Oviposition on nustard sxisted till
the sixth day, but somotims on the sight day aleo, adulis still lay
© 2093 on largs numder of mustard plants. Tha number of egqg batchoes '

wore not lazge as obssrzved in othepr host plantse

In ths ninth and tenth day of ths oxporimsntal paricd, ovipoe
sition by adulis of 2. hrgssipas is nogligible as in the first day.
Random oviposition occurs and eqg batchss wers observed on caulie
flounr only.

The resulting ovipositional proforsnco towards thelr host
plants as cbsorved in P. brasaicas (L) could be classified as Polle
ows : cauliflowsr 2 cabbago or knol khol > mustazd 3 paddich.

Environmental factors like humidity and tsmperaturs do not
Pluctuate much during tho exparimental period as obssrved (Fig.10e=AR).



Fig. 10 (A) Daily Pluctuation of temperature and humidity.
(8) Percentage of difforent host plants oviposited
per day by P. brassicag adults in net house condition.
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3.4, DESCUSSION

~ Inooets depend to g large axtent on thoir chemosgnsory

system to locate thai?‘?oaé sources, oviposition sites and mating
partnsrs. Tho behaviourak physiologist seeks to explain animel
bohaviour patterns in tarms'nf physiological processes and sctivie
tics. Hore, the narvous systom aetracts spocial attention in such
ahalyséQ. In Plopis brasaleas (L) emphasis had been given to anteos
nnal and maxillory roceptors which offoct the norvous system and
lead to intriecate mschanisggg involved in pléﬁtApraﬁerengé in the

‘larvao or ovipositionzl solection in adults.

Tha larval stegss of 2. brasapicag (L) show. discriminstion in
~the choice o?’a planz on which tu fosde. The investigation revesls
that the larvae could eagily‘diP?atantlate botuwsen host and none
host plantse The chemica}.ééhge well dsvelopod in these larvas are
unp&stqgablfﬂinualuad~n6tAﬁﬁiyﬁih éuid;ng thém_to,their.hsst plantsa,
$q£ Q;sé:in ﬁiscr;minétihglhnét €e§m<nonpﬁa9p.plants. Schoonhgvan
(19720) spacified tho location of thass chamical receptors on the
, antennae and asemp on tho aouth parta, 83 it 19 with 2. S8 é
and other. 19pidopt9rnu3 1nsects.'

- npart ?ram haing abla to discriminate host Prom non-host ‘

planta, the B. {j:'“",j,-(L) 1arvae gould also sslectively di??ar-

‘ an%iate batween uarious eccaptable host plants. nrena choico tasts
exneriments indicated that the faoding larvao sglectiusly choose 3
single host plant Prom among the rest o? the ‘acceptable host range

for Pasding. Mustard (8. campestris var. sarson Prain) asfcbsaxuad
by 'choice' tosts ic the most prefarzed host plant for the Pecding
lapved of De gxggg;ggg, The lazval pra?srence cauld be classified as

nmustard mara areferred than cauli?lomar or raﬁdish and cauliflowor
or raddish more praferred than knol khol or cabbagoe
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Arana 'chaice tast"aapsximsnts proved that mustard is the
nost prefarrsd'hos%'plant Pof-iarval fooding, undep such close
circumstances, uhich is indicativa that mustard contains more glu=
cosinolates than othor host plants. In all chservations, cut leaves
wers usod uhich as a tesult‘iead to production of mors volatila |
slycosidos dus to cutting. These volatile compounds produced,
triggaréd-the sgnsozry aysten of the larva to reagct to tham, henceo,
poaulting to solection of that particular spource from vhers thase

5ignals” originate.

The analvseé of envitnnmsnéal cuss which glicit behavioural
rosponses &n gnimals has rovealsd that often g atimulus sienaﬁion
is charactorized by ons or a Pew simpls Pactors. The concept of
sign stimuli or key stimuli has also basn applicd to the analysis
of Posding behaviour of 1nsécga»(11nbergen, 19513 £ibl«Eibesfeld,
1970)« Sansitive colls prosent in tho mouth parts of the lsrva of
2+ bxasaicge, which porcaived the volatile glyceside, generate a
cezrtain pabte&h of nervs impulsss which are transmitted to the
brain. Trenslation of thess messages then lsad to induction of fee- -
ding, if othor physiological Pactor doess not interfers in the proe
cosse. Host plants having low content of such voletile substances do

not gensrzally, thorefore, gengrate feeding bzhaviour.

‘£ham&xecaptur9<o? 1nseqté, in goneral, arc locatsd on several
stEatagic”parts of the buﬂy;ifha antennag bsar olfactory tacaptbrs,
but also contact chemorsceptors. Gustatory rsceptors as wsll as
olfactory, are also locatod on various mouth parts in many insect
“sp933035 a3 astablishod by mqﬁphologic, elactrOphiéiologic and
" bohavicural mathods. Distinction betuwsen olfactory and gustatopy
foceptors mada on merphologic bases are not absoluts. Sensory phye

sislogisto, taking advantage of the specific reaction insects show
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¢o semo chonicals at low concentration, have in soveral casss

suceceasfully located the rocoplors involved.

In cass of g,'ggggggggg,(L), the lagvao process spocific
taste caells for sugars, a@thn’aéiﬁs. salis and mhatard‘oil glycos
eidos (Schoonhoven, 1969), uhich Sogether translate tho chemical
conposition of ito host plants into norve impulses loading to

-

feading bohaviour.

In P hxasaicao, emong all salts tosted, acotates of lead,
sodium and codmium and sulphates of magnesium and mgnganess aro
cheorved to have detorront proportics. Othor salt possessing similar
proporty is potassium nitrate. All theso salts doterrod lerval feoe-
ding and tho larvas rosponss aggraesiualy to them. Salts having
slight detterront offeets on 2. hrasaiecss larvan are ammonium sule

phate, ammonium chlorids and diesodiun hydrogen phosphate. Nitrate
l of sodium is obsorved to have least dettsrent gffact on the ?eeding
of P. brassi - "

poa larvase

Coppar sulphate fons at 0.004 @ concentratien, dsterrod Peow
ding, in ths larvas of B. brasaicas (Schoonhoven and Jormy, 1977).

Caleciun dons for instance, reducs the sensitivity of sugsr taesto

cells in P. brassicas larvae and by this effect dopress Pood uptake

(g, 1972).

N#at amino secids testod prove to possoss Pesding doterrent
ef?eéts-on‘tha lagrvao of gﬁ‘ggéﬁggggg, Learginine, Leshydroxyproline,
Dl-Betaphenyialemtns; Leprolins, Lesopine, Dlethreonine and L-valine
from amongst tha water soluble amine acids tested, possass slight
to veiy high dotarrent proparties on the fasding larvae. Dl-alaniné,
L=loucing, Dleisolousine, glycine and Dlemathionine are observed to

atimulate‘?eedihg in 2,~£;§§g;ggg,lexvaa. Qycing and Dlemethionine
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are romagkably ahimdlattng the feoding bahaviouz of the larvae,
but othor amino acids show losger stimulating effect. Proline
enhances Pood intake in £. brassigas (May 1969), as wall as other
anino scids (Schoonhovan, 1969b) but marked effect hove boen
cboerved with leucline and isc=leucine. Sinilar offects have beon
describaed in other leopidoptorous insscts as wll. Glyeins and Dle

nethionins promote laprvel faacding, but no roports are available

relating to B. hxgsalcaa.

"'hééfébié'ecid is cbéafﬁéd to stimulata fosding in'thg lardae
of P. ggssggg 5 uhile elhric aeid and succinic acid exeprt lasser
stimulatory effects. axalic acid only, from among the organic acids

tostod ptoved to posaese daterzent‘propartiea,_

from. among sugaps tasted,'naglucose, 3UCT08Y, daxtroso,

rhamnose and arabinoss axhibited stimulatory effacts on the feeding

g9sigq0 larvas. Galactosp show very high stimulating offoct.
flaltose, Xylese, ribozo and manncss show very high ?aedtng,datéraeni
activity on B, ggg_ggsggjlarvaa; Sucro9o, is the bsat knoun phégds-
timulant in caso 0f P. brassicas (Schannhuuen, 1977a) . Behauioural
uhservatlcns ‘sovealed that a eucroea r@captar ia presant in all
lgpidoptorous species. Glunose like sucroso stimulotod larval fooe
ding In;g.‘ggggggsgg, which indicated tﬁat a glucose recoptor is
alsqrpreaene in thess larvas. Glucose rgcsﬁtofs are alsoc ravsaled
. by bahavioural and electrophysiological tests in cass of other
lepidoptora vize. Philosamia cynthia (Dru) and Bombyx mozi (Ishikawa
at al, 1969). |

But ss such, salts, sugéislanﬂ.aﬁiﬁa ac1§5.91§g1y do not
afPact the feeding bshaviour of . Brassicas larvas. Combinad

ePPacts 6F many intoracting ions may have greater dsterront or
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stimylatory action on P. brasolcma larves, ao ohservad in other
insocta. Dethiep and Kuch (1971) provsd that sucrose receptor
rasponsss nay bo incroasse by the pressnce of acme amino acids
mhareéa saltsléeciéaéé ﬁhs raaetion of this roceptor. Sinioring a
‘mustand oil glucneide, atimulating a certain roceptor coll, when
tooted alone doos not positively offect food intgke in .Q;Qgggg@@;
larvee, but combinsd with sucress, it strongly promotad larval Poo=
ding activity. within a pormissible concentration rangs (Schoonho=
veny 1976b). Thus soms emino acids slso, hay onhance or dscrease
the :aaciion‘eoAsugar ar.tojéugar al:ohbls-e.g. inositol -and some
salts (Dethlas, 19713 1972). In many cases ébqlum and copper selts,
dacroass éhe rosponsivenoss of sugar peceptors in P. brasaieso.

1£ isfgenerally ebserved that the chsmosensory-ayétem of an
inaect varias in its sansitivity bocause of a number of ?actors
mhieh as a rssult, affact its gaaeral feading behavious‘ age and
?eading hlsﬁorv have been attrlbutad as Pactors contrlbuting towards
‘variable chemosensary responses and bghaviour. ﬂther factors like
affect of ?ood atarvation or daprivation, adeptation rate to taat@
and ionic concentraticn, and most of ali individual uariabiliéy do
‘a??éct the inseci‘a ganaéal behsviour, espscially ?ooaAuptake.
Thase are the few ?aqﬁosa uhich are responsible for fesding beha-
viour, but other Pactors, such as cheomical and physicsl should also

bo present simultansously to ensuve normal (FEpding.

In Piéxid'buttém?lieé@“addlts lay sqgs and larvas Pesod only
on plants contasining gluconicolates of mustard oil glucesidss, but
not gll glucoaiadleta-céntaining plants‘support larval dovelopmont
‘of these buttesflies (Bowdonsg. 197%, Chew, 1977, 19783 Slansky and
iFeeny, 1977). HMature females of éggis bgg ssicao honce must choose
‘selactiuely ?or a host plant on mhich to lay sggs to snable lagval
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dovolopment and comploto lifa eycles Apart from choosing cruciferae
plants, gtaﬁ&d'gggggg,g;ggggggg,butterflies also profer plants or
loaveoe of plants, containing no conspecific sggs or larvae for Ovie
. position (Rothschild and Schoonhoven, 1977), since there is ovidence
that a volatilc doterrent associatad with thoir eggs, which is
dotectod by the approaching gravid female butterfly.

fet house ovinnaiaiou anpariments conﬂuctad and field obacre
vations on P. b rggsieaa adults, ahow that females highly prefer
cauli?kumar (Brgss&cae plerscea vare botrytis L) plants for ovippe
sition, in the presence of other accepted Pood plants. Cabbaga
(8. olorscos vare cggi 12N L.) and knol khol (8. oloracea vare
ggggzlodas L) are ‘less pteFertad than cauliflouse. Mustatd (8. can=
pestris var. sarson Prain) is least pra?errad and Raddish (Raphanus
saaiuus L) 19 last in the choice o? ov&poaitionvplante by E,h33931caa.
Therofore, cven amongst accopted host plants, there oxist g range
of proforance for nvipositioﬁ by the adult female P. brassicas
butterflye. ‘ V

Cortain factors like 'size of the plant leafy its physical
charactetsetica and colpu:*méy play an important role in attracting
2. brasgiggg buttorflies Por oviposition, othar than chemical cues
attributed. Couliflowor legvss among all host plants;“have coertain
physical characeer&stics mhich\parmit tho adult fomales to choose
them as ovipoeition asites. Thoir sizes awe large, with a3 larger leaf
aros for ths young larvas to faed ‘and complots develspmant. The
- plant a9ize is conspicususly large, with a large area for pruduction-A
of volatile ovipoaition sttractants, which may attract tho fomalaes
to oviposit. Cabbaoge and.knol khol havs those characteristics, but
leas in mustard and least in raddish. The colour of ths leaf is very

intonsoly green in cauliflowsr, tut tha colour docrsases, as observed
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in othor host plants. This &5 anothor charactaristic which leads.
to iés prafazenco by the gravid ?smalea. All those physical charace
toristics in the host plants contributod to sdult proference for
ovipoaition in‘gﬁ.gggggggggﬁ(flse, 19373 Torofal, 19653 Lundagron,
1975; Bohan and Schoonhovan, 1978) as well as in B. gapaee (L3athes?
and Irwin, 1979). | ' |

In case n?‘gaddish (s gativus) danse presenco of epidermél
ﬁaits?-mgy.ba:angohstxnctiun ts =gg laying by B. §ggsaiqgé} heéée.
it Lo nﬁ@;pxaﬁer:e¢; Lascs of ovipositicnal mistakes havé bean also
t@poétad on othar lspidoptorous insects, vhen females ovipositlion -
plants tox@c_&n'the&r.larvaa or on plants too small to support full_
larval daue;qnmsnt (Dsthie:, 1959; Stfaatman, 1962;v89vastopoulo,
19645 Douwss, 19685 Whitoy 19743 Chow, 19773 19783 19793 Singer
and fandeacchia, 1982). ‘ o | o A -

Ouiposition deterrent associatod with Prass has bean ala@a'
roported in Igichonluais ni (Renuick and Radke, 1980), this Pactor
may:also operate in fiold canﬂit&oné'tn B b;gsélcgggiespecially in
plants whars fréés anpnesan§a¢ﬂvipnsltidn 1é"not obssrved in host
plants mhera'&arvae-p:asebt¢ gviposition 9 not observed in host
plants vhere larvas is ?sading angd vhoye eﬁe:'ehere«is Prass colle:
action at tho base of the plgnt§¥1n-othar¢b&tterfiias,jsiza and age
of host plant do qual&?y tﬁ'pvipaa&tioﬂél choicé.(Cuurtney, 1982;
Cnurtnayvaﬁd Ceu:tnayﬂ;igaz),-host plént distribution (Sharp at al,
19743 Vackay and Singas@51982)'and cﬁhgg eeblégical deterﬁinanta-
(singer, 19823 Holdron and Ehrlich, 1982).

Rs it is gonorally knﬁwnﬂadi??erent inseét spacies have
difforent fooding habits. The quastion erises uhothor these differe

ences are dus to different decisfons taken by the b:a;b after
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recoiving information from chemorecoptors, which havo common chare
actoristics in diPPorent insact or alteenatively, uvhother the
difforent specics are equipped with di??eran; rocoptor systoms. I
is also knoon thet insscts show pronsunced individusl veristions
with zegard to Peading bohaviour, this foature again points to tho
fact that'théy are known Por thoir plasiibity which idsntify then

as a groupe

| fha Pact that foeding bohaviour and oviposiﬁionml stratogy
can ba‘médlfisd by axperionco, opong nam'expa:imental approaches in
tha aﬂa1yaes»0? physiology of loarning in inﬁertab:aeas. The telge
tionship bstuson behaviour and physiclogical procoasss, an almost
unoxplored Pield in tho domain of insect nutrition, offers now

1ights into tho Punctional coharences of the organisme.

In visw of the Pact that difforont insscts have different
chamosensory aystems, with thoir intorapsocific difforances in the
dogroe of tolerancs towards various plant chanicals, thors could be
no way out to Pind o link betuson molecular structurc of a compound
and its fesding doterront capscity, hence the deosign pf‘Feeding
dotorrent 1o not possible. They have to bo sought at by empirical
mathods.e. Since polyphagous apeclas eqlarate a wide range of plant
compounds, poasibility of P&nding dotorrants is morse in oligophagous
ones. Post insocts ars gensrally olignphégous in habit, thus may

appasr to bs suscoptible to feading datertantst
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Insoet plant ra&atiuﬁsﬁip in sgrdgcosystons does not difPor
mueh PPom nonsggroscosystam, mhen viowod from population dynamies,
fooding bohaviour ond ccolopleal offPicloncy parpmotors. Plopid
buttorfliss studicd §n rolation to tholr cruciforao host plants
axhibitod thot, population dynaonies of ocog3, larvas and adults
dopand iaxgaly on ths papulation o? tholr host plants gapacially
in cultivatod ccasystoms. Pepulation dynaéies of buttopflios is
diroctly zelat@dlto the donsity of tﬁéir hﬂsi plants and €5 3 groaze
tor oxteat, tho dyﬂamﬁcs of host planis alsa, iz depondont on thoip
phytophagous cansumagsas Anart Prom roducing the offective phetasyne
thotic area of the host plants therchby affscting its‘ganaral g:c&th,
- insocts play s gola in chanping various bischamicol systems in
| ﬁhe&e hootae. This 1o racipaeeata& byiplants towards thele phytophs=
gous consumorg, thich could bz seen in thols changing 1ifo cyeles,

variablo growth and affPoeting bokhaviour in gonsral.

Pe brssoiecao and P. ngpi montang Venity, both voracious
cruéi?@toué loaf P@@dass show that tholr 1if2 cyeclo duration Prab
tho ogo seagé t&li adult cmorgesnce, dagends on their host plants to
8 largo extent. In %ﬁssa‘apec&es gtudisd, only the larval fPormo age
r@étwieexng for Pood ¢o tholr crusiforous hosts. Honeo, an offesctive
changs in the larval 1if2 span leoad 9 o rosulting chaonge in theis
total lifo duration. Both the specias studisd vasry én their 1ifo
duration acecordingly whon thay é@s roarad an»ﬂi??arent.hosﬁéo This
ie ono o? the many ea39s whoro the host plants slatad a deanatic
role in gegula&lng the 1ifo cyeles of the phytaphagous insecto chteh

Poocd on thome

Not only 1ifs cycls of tho spocies considored s afPoetod by
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various host plaonts, but also gﬁcwﬁb and behavisur in gonaral.
then a cortein nost«is'ﬁreﬁsrséﬂ for Pogding by tho ldzvae of
thoss buttapflics, cnhﬁumption follow and tho rosult is oxhibdited
in grouthe Mea@e grewth, 5 a great extent, is governad by the
‘host plant on ohich She lazvas primseily Pead. 2. Bragssisag larvae
show a variationa in caasumpﬁieﬁ and growth pattozns when Pod on
various hoot alaﬁta chich geaults ia %hai:»ﬁi??afant ePPicionsieo

of conversions

Yoracious Poodors 1liko tho larvas of B. brossicaa (L.) ang
to o Ieaset oxtont, B. nsod gontang VYeniBy, directly gliminata tholie
proforged hoest plants by thole intonse Posding bohoviour. It is

obsopyod that B beassicoe larvee consumsd more Posd than P. agnd

' montgng.'apeét»?xam this d&??arsnés, thore age also othoro by uhich
thaso tuo spocies distinguished thenmsolves as peaﬁ and nonegest
inssets. s;Aﬁraéaigpé lay large number of 6ggs and the larwal done
sity is ciuch hﬂghar than Pe _ggg,mantgpa, hanee the damags dono to
tho host plants (@latewZC,Q) is much moro by thoir lavuae. ﬁnather
fooding bahaviaur»é§?Far@nce ghich is qhserved in tho fiold is that
grouing larvae of g,:g;gaszcgg Pood spocificelly on the 1oaf margin
(Plate=1F), uhile P, Qggg,ggggggg,dnas‘not.dﬁ so (PlatoetE). This
may be duo to host ﬁgxhurg; quality and chomical composition.

- Apart from insocls zéﬁnlaﬁing tho populaticn of %ha&ﬂ host
plants, 1ifa eyclo duration and growth, vico vorsa, many eéhsm ceoe
logical pagamstors in the environmont liko tonmpeoraturs and hunidity
aléa play dynamic 2oles in such aceivﬁﬁiese'

» thilc studying the 1ife cycle duration of P. brassicas ond
- B. nopi montona ohsopvations hove been nads thal thero are parasie
tolds parasitizing their larval stagose Apanteles glomeratus (L) is
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observed to papasitized P. beasaiéan (Platost I,3,K,L), uhile 4n
case of P. agg&!nﬁﬂ%aﬂar tho paxasﬁtoid i3 not yot idontiPiod
(Platoe? GyH)e These paras&%oida apazt from grouwth roducing Pune-_
tion in tho host larvas, do olso segulate the population dynawics
of both zarval ond adult stepos a? thozo butter?lies.

In caso of P. braoolcas lawves, it %o sson that various
known chonlcal é@ﬂpouﬁda tooted do affect thoir Peeding Bohavioup.
in all hcst plant socioetod. Thaeo conpounds mzy alao be prosont dn
uaav&ng amnunts 3n tho host plants of P. brassicas lagvas, but do
not genarally,e??act‘%heﬁg fooding Schaviour in natural conditions.

Larvas of P. br gasicag show o ronge of preforance fos Pose -
ding gvan amung cruci?ercus piant vaeieties, which indicate that
»saszatancn has alseady ¢aveloped aneng thom towards the damage Qono
by 1anva1 ?e@ﬂﬁng. This pze?bsanca was also soon oven in ovipesibting
female buttsz?lies. The~plants rooistance towardn phyeoghagsus conw

sumars 3 o well knoun phonomenon in asturc. .

9q'bsassicaa (Lo) bainq a post in agroecosvatamq ahoro large .
cultiuation of cruciforous czops oxist, hsnca i%s contzol is vory

ouch asseneiglq Pe ngpd montana is g@ﬂatally absarved to bo a None

post inoact in guch acaaystemso Contral of 9. hrasaicae has besn
?rted empleying various mothods like biolegicalg uaing parasites
and nathsg@nic bacteria (Craightcn st al, 1970; Ashby,. 19743 Rataul,
19753 Tatcholl, 798%). Parasitolds have also bgon e??e;t&va in
contzol of the latwao of this species (Lal and Chandra, 19763
ﬁai@yéyeva, 1?6@) in Pisid and laboratosy conditions.

Apart from thess canctal nathods utilised, othar biological
control systems have aleo baon employad aspocially rasistance brooce
ding theouch gonotic manipulstion of proferred host plents (Dickson
and Eekonpods, 1980).
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intgﬁ gapae (L) various msthods of control were used fop
raducing i§9~@apulakienlbyvemploying pathogenge pavasites and
chonieals (Demps-ﬁeri,; 1967,. ?966.31 Soliman gt gls 19703 Parker gf als
¥971; 93sver and Wilkinson, 19783 and Lovin gf gl, 1901).

Since tho invostigation on any post inseet Lo ususlly basic
to Fu%ﬁre undopstanding of ito blolaegy and contzol, soueral ideas
could bo utilised fpom such kapwledge. As sasn in cass of
2. bigssicen, sevspal amstheds of control could also be usad agspoei-
ally in agroacosystans. The first and most feasibils mathod-is by -
using péraaitasg Since in both tho spocies of hutterflies larval
pasasitisation is very specific by specific organisms i.o. Hyooncpe
teraﬁas mags‘culture of such parasitas will ba~raqu;rad and theip
reloass in tho Piold resulting in population dzcling in adult butte

opfilios, Honeco ﬁo seme sxtant contpol tho damags dons by ths larvas
to Pilold cropse

an&thaa_me%hod would alse bo mentioned horo, that is, a
deeailad'aﬁudy of nzerégsn variation (Matdson, 1989}, in ths host
plant verictios uhich lod to prefegzed larval fosding and a biochos
mical method to altor this chango. Sﬁﬁrogen fertilizers could bs
employed in variablo amsunts $0 cruciforcus fislds so g to craste
nitrogen Pluctuations in host plants, thopeby croating a bottlencck
affact on larval foodingy since Pigpis spp. studicd psasts violently
-to nitrogan difforoncos in their host plants. This could bo eehiovoed
aonly by extra\laéding o subtracting of ﬁiﬁéogsn 6ontaining fortili=
zers bofore applying, but simultansously the yileld should not be
effectods

Mixed culturs oP~ﬁi?Peren£ cruciforous plant varictiss could
also b erployed as ons of the control mathods, sinco adult buttor=
flics of Piozis sppe oviposit solzetively on thair host plants.
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?hars?bre,;mﬁﬂocuﬁ%uré‘shauld not be enacaragaﬁfheeausa ahlv ong
plant vaplety is affsciods Ronce tho damago 1o mora thon in mixed
culturo. | ' ‘

'nnathes_msthﬁd 1.0 doping of Ytraco® olomonts, 1like cadnlum,
cobait?‘manganbse‘étéb in thelr gooplox salt FBrm; togethos with
fortilizers as thoy aro boing gnployed simultanaduaxy in tho fiocld,
may have drastic offsct on larval Peoding of thess Pleris bisttore
Pidea, uhen thess ions aro allaccatod in tho sap of tho host plant
leafs Coleium and coppor salts can also ds used as thoy dotoprod
larvalrfeeﬁing in low concsntration choen prasont in ths‘sab' These
galts could b “dopa® &n common fortilizozs used and at tho same

timo yield, and toxicity sidz =fPactas should be ta:en into account.

The above montionod methods of conteol, 4f taken into goee
gunty may aot affect dazval ?eading or aéult,cvipeaiaianixn gonoraly
but in cortain casas ay prove 0 bo drastic, whan queﬁlity,.béiu
position, geproduction, general 1ife opan and grouth ore considorod,

without noglecting the environmant of tho scosysten :n‘partaculaeo

In eonelusicn, it can bo said that the cvolutionary path of -
the phytophagous Inssct has not boen an 0asy onag pollon Peeding
often sagns 0 reprosont Ytho ficst Qiaﬂ' and fgoading in or on
foliage i3 o fPull succonsg. Rolativoly fow ovdoes have achioved this,
althouch those that have, doss rsaped @ rich rowards both in numbop
of speeciss and oftan in abundance of individualse. Plants have rase
ponded to insect etteék, and thus insects and planta nust be vicwsd
as two comoyolving, conpoting and often mutualiy dépanw@nt biochow
mical aystomss the balanco botwogn theom is ofton very delicats and
rolatively omall biochenical changos may have large ceological

offocta.
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