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ABSTRACT 

Population study of two representative species pf Pi~rid 

butterflies viz. Pieris brassicae (L) and Pieris napi montana Vanity, 

in relation to their host plants reveals that the absolute density 

of eggs, larvae and adults of these butterflies varies with diff'erent 

environmental factors like temperature, humidity and rainfall, in the 

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

£• napi montana Vanity, since the former lay more number of eggs at a 

time than the latter, but the egg-, distribution is more in £.• napi 

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

also higher in case of Pieris 'brassicae than in £• napi montana, but 

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

P. brassicae. Both the species :synchronized 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. Density of adults, larvae and 

eggs is always high during the winter months, i.e. October to January, 

and decline during the summer months, i.e. March to August in both 

the species. 

Life cycle studies shows that Pieris bra~sicae (L)· spent the 

shortest duration, i.e. from incubatiDn period till adult emergence, 
. 

on knol khol (Brassicae oleracea var. Qongylod~ L.) and longest on 

cabbage (B. oleracea var. capitata L.), while £. mapi montana spent 

t~e shortest life cycle duration on cabbage ([. oleracea var. 

capitata L.) and mustar~. campestris var. sarson Prain.) and 

longest on cauliflower (~. £leracea var. botrytis L.). 

Hymenopteran flies have been found to parasitize the larval 

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

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

val parasite is not yet identified. Due to heavy parasitization by 

these hymenopteran parasites, the larvae of both the butterflies 

species die prematurely, hence affecting larval growth, life cycle 

duration and population of both the host species in general. 

Rate of consumption, growth and conversion efficiencies of 

lliili brassicae varies with different host plants on which they 

are fed and also during various stages of larval life. 

Analysis of total or~anic nitrogen, total free amino acid and 

sugar, reveal that there exists a difference among acceptable host 

plants and even between different age groups of the same host plant. 

Mustard (~. ~~tris var. sarson Prain) and raddish (~hanus 

sativus L.) contain very high amount of total organic nitrogen as· 

compared to other larval host plants. Cabbage (~. Qleracea var. 

f.§.pitata L.), cauliflower (§... Q.l§.racea. var. botrytis L.) and knol 

khol (~. olerac~ var. gongylodes L.) contain very high amount of 

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

total free sugar contents does not vary much between them. 

Qualitatively, fifteen free amino acids are present in cabbage 

(~. olera~~ var. capitata L.) and cauliflower (~. oleracea var. 

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

in mustard (§... campestri~ var. sarson Prain) and thirteen in raddish 

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

plants viz. glucose and galactose. Ten free amino acids are present 

in the different larval stages of£.. brassicae (L.) and only eight 

are present in the larvae of f• ~i montana Vanity. Glucose and 

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



3 
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 Q.f:.s.ssicae (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 ([. sativus L.) and 

cauliflower (~. oleracea var. botrytis), while cauliflower and 

raddish are more preferred than k nol khol (~. ol era~9., v ar. go ngylode~ 

L.) or cabbage(§_. iliracea var. capitata), as revealed by 'arena' 

choice tests experiments. 

Six inorganic 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. ~ssicae larvae when tested on host plants, while the 

other salts do not exhibit this. Only two water soluble amino atids 

viz. DL-methionine and glycine from amongst the twelve amino acids 

tested, stimulated feeding in E• brassicae larvae while others are 

inhibitory. 

Ascorbic acid only from amongst the four organic acids tested 

stimulated feeding in ~· brassicae larvae, while other acids show 

inhibitory effects. Out of ten sugars, only galactose stimulated 

feeding of ~· brassicae lar6~e, while others sugars are, to a great 

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

Cauliflower (~sica oleracea var. botrytis L.) is the most 

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

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

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

least preferred host plant for oviposition by these· adults in 

experimental field conditions. 
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GENERAL INTRODUCTION 



All forms of animal lira need organic materials in order 

to exist, grow and reproduce. Some subsist on living, dead or 

decaying plants; others gat the food they require from living 

or dead animals. 

1 

tiany kinds including some insects live on a mixed diet of 

both plant and animal material. Civilized man has almost endless 

variety in his diet: Bacteria, yeasts• fungi, roots, berr-ies, 

fruits and foliage. of plants furnish \regatable rood; he eats 

flesh of many invertebrates, although fish, birds and mammals 

commonly furnish his main protein requirements. 

No insect selects food in such a variety but few insecta 

are omnivorous. Most of the more specialised kinds of insects 

restrict their diet to a limited range only. Parasitic insects 

are generally very specific in the selection of their hosts. Pre­

datory insects confine their diet to animals smaller or lass 

active than themselves. Quite. frequently they also select a parti­

cular kind of prey, hence, they are also specific in selection to 

some ·extent. Parasitic and predatory insects reduce the abundance 

of plant-e.ating insect life. Nevertheless. under the ~onditions 

that prevailed in nature, their influence has not kept the vast 

hordes of phytophagous insects from maintaining population at a 

required level.· Na.i ther has it. curtailed their evolutionary 

differe-ntiation because of their tnn umarable adaptatio.ns in 

structure and in habits., to their environment. Some of the most 

striking features in this respect relates to the instinctive 

behaviour that datarmines .the selection of' food plants. 

There is great variation in the number and variety of food 



plants the insects ~elect; but there is a fix purpoaa in their 

behaviour that is far beyond their dietary requirements. 

2 

In search for the causes underlying such selactiOf'lt CIS 

shall. considar mainly those apacies, about half of the living 

specia·a of insects - which feed on flomaring plants~ particular! y 

those of economic importa11ce. 

In some insects, the adult and larval stages feed on the 

same plants but in case. of butterflies and moths the adult sucks 

the nectar- of various flowers and tha laying of its eggs on the 

larval food plant is not. a response to its adult appatite. Any 

failure o.f the· adult to select plants acceptable to its offspring 

would spell disaster,. because the young offsprings cannot go for­

aging in search of plants other than those upon which they find 

themselves. Similar peculiarities prevail among a great variety 

of diverse insects that rentl'ict their feeding to specific plants. 

Insects are grouped into three categories in relation to 

their food habit. The firs,t group includes those feeders that 

exercise little choice• depending on availability, abundance, 

texture of foliage, succulence and the like. Nearly all of them 

have preferred food plants, however. Like the gypsy moth 

(LxmAnt;t:,iA !1,i,sP.M, L.) caterpillar feed on the leaves of deciduous 

forest trees, but it is most abundant on QH,e.r.c@,s. spp. r"lany grass­

hoppers range over a wida varlety of lom plants, grasses and the 

like. Such insects are known as npolyphagous· bacause they accept 

plants in considerable variety« (i1oaher., 1915). 

The saco:nd group include those insects which restrict their 

feeding to a small and discrete number of usually similar plants, 
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hence, termed as 'oligophagous'. No clear-cut demarcation can 

be drawn to saparat& thsm from polyphagous forms but they 

obviously represent a distinct specialisation in food selection 

especially \Shan their . food plants have some characteristics in 

common, which could bo demonstrate through visual observation or 

by laboratory methods. 

The third group of insects.,. includas those faodars uttich 

are highly· spacialisad and referred to a.s 'monophagous'; because 

tha.y restrict their feeding to a single species of food plant • 

These insects are comparatively 1om in number; indeed, some ent.o­

mologists believe that none exists in the strictest sense. The 

boll weevil,, Anthonomus grandia, whose· habits have been minutely 

studied• falls in this category. 

Until a l'ew decades a.go .• it was customary to attribute the 

unmist&kaabla selection f,:of food plants by oligophagous insects 

to a sixth botanical sense that enable them to recognize their 

natural host. But such a supposition has many flattJS as has been 

proved by experimental techniques. Some insects, especially their 

larvae restrict feeding to certain plants belonging to the same 

family., although sometimes feed on some dissimilar and unrelated 

plants .• A Dutch entomologist.,·£. Verschaffelt (1910) who studied 

the behaviour of butterflies and cate.rpillars mith reference to 

mustard oils. concluded that tha presence of thse chemicals was 

the factor that determine their choice •. Other entomologlsts 9 have 

extended such studies to a large number of other insects and their 

food plants• and found that soma specific chemical or chemicals 

comm~nly forms the tie that binds them to a more constant diet. 
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So, we no.w understand th.at an insect's selection of food 

plants depend primarily on an acute and discriminating chemical 

sense. 1\s tha prasenea of such chemicals is usually confined to 

so.me group of plant.& or varieties, they are the ones to Ulhlch 

tho insect is attrae,t~. When the sama chemical, attractant 

appears sporadically in unrelated plants" they also may be cho·sen 

as host-plants. This basic coooeption is supported by observations 

of' the behavin.ur of lnsacts in natura and by experimental tach• 

niquas. Thus it explains the puzzling 'botanical sense', and has 

opon up a promising field for study oft stimulants, attractants 

and repellents that have .great practical implications (Dethier, 

1937; 1941; Brues, 1920; 1940). 

In the organic ecosystem, the interaction between animal 

life and plant lif"e play a dynamic role. Shillong and its adjacent 

areas in the North-Eastern India, provide a typical subtropical 

ecosystem., in which the flora and fauna is unique,, and offers 

ampla opportunity to study the dynamics of action ar"d reaction 

amongs.t them• 

Shillong and its adjacent area$., possessed a variety of 

edible f'yuits and vegetables which are aconomieally important to 

the human populatinn in this area. Besida-s these, them are also, 

species and condimanb which are profusely cultivated and used by 

the human p·opulation. 

Such a variety of commarclally important plants and vagata-· 

blas are not use.ful only to ths human populat1o.n but offer a good 

opportunity tc ot.hst animal life, especially insects anrl nematodes 

· to feed upo"• and inf·ast various parts of them, hence becoming 

their cl\ief 1Asact pasts. A point of interest about these insects 
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and other commercially important plant feeders is that thay 

specifically attack only certain plants and porti.ons of the plant, 

such as leaf, root, stem, fruit or flower and such other parts of 

the plant. 

Another interesting phenomenon to be noted is that only 

certain development stages of the life cycle of such insects are 

infective to the plants. It is due to heavy infestations of these 

insects on co.mmercially important plants, eepacially vegetable 

plants and others., that the economy of the North-Eastern Hill 

region suffers immensely. 

There ere a numhar of parameters both biotic and abiotic 

which an involved in such phenomena. In order to understand these 

interesting phenomena, an understanding of the ecologically impor­

tant parameters in different seasons of the year Ulhich governs 

population dynamics, life cycle, duration of' life cycle, survival, 

growth and other essential biological functions of' such insects, 

is a prer-equisite. furthermore, lnvestigat.ions on the nutritive 

factors .and values of various infested plants and plant. parts in 

relation to the growth and feeding behaviour, of such insects 

would also be interas.t!ng •. 

As mentioned, .it is wall established that insect pests 

attack spac.ifically certain parts of certain plants, this may be 

due to the presence of' certain chemical stimuli which attracted 

past insects to ovipoalt, foed and to perform all biological 

functions reqUired, on these host plants. \11th regard to reeding, 

there muat be some •stimulants' which incite and help the insect 

or its young one to continua feeding and chot»sa their feeding 

sites salactivaly. Other factors like c-rowding, orientation, 



temperature, humidity and other such physical stimuli are also 

responsible to a certain extant for regulating the various 

behavioural response. of insects towards their host plants. 

6 

In the p.resent work, the study of various p-ossible environ­

mental factors, which are inv·olved in the population dynamics of 

pests attacking crucife~ous vegetables in different seasons was 

investigate-d. Selective study of a specific pest insect which 

infest crucifers and the screening of varinus parameters like 

nutritional stimuli,. physical stimuli., chemical factors. and such 

other factors uttieh influence its behaviour., selective dfeeding 

and feeding specificity was also worked out. Culturing of the pest 

species in labo.rato.zoy conditions, and the study of its life cycle, 

growth and preference in relation to i t.s accepted food plants was 

also done •. 

S inca the research work focusses on the fundameijt:al aspects 

of the biology and development of some important past insects~ as 

well as tha role of biotic and abiotic factors on pop:ulation 

dynamics and growth in relatlo,n to various host plants; knowledge 

and information obt.ainecf from this investigatio·n would be of 

immense value to understand the interaction t;tstween pest and non• 

pest insects mith their host plants, the control of such insect 

pests, ellether biological or chemical and to grom nsw plants with 

bettor resistance so as to promOte the economy of the cultivators 

and the farmers end of" the whole North•£ astern »·ill Region of India. 



REVIEW OF LITERATURE 



The subjact of insect-plant relationship is not very 

recent and tho "literature sunay on this field reveals that this 

particular subject has been worked out by many wo-rkers since the 

early nineteenth century. Many theories :and postulations have 

7 

bean put forth by sa'veral mo.rkers9 Purthe.rmore, many contributions 

have cMa from all sides covering several aspects ot insa.ct•plant 

relationship, like ecology, plant prefaranca, life cyclo studlas 

and othor biological• chemical and physical relationships batwa.an 

the two interdependent te.rrastrical comrnunit.las in natural as 

wall as in artificial conditlo.ns. 

Although these aspects of lnaact.-P].ant relationships are 

being explored by many wol'kers, the literature aurveyed will 

summarised tha position of tha subject as it is at present. 

Prafe~nce· o.r norppreferenca is defined es. those chemical 

or morphological host-plant. ch.aracteristies· and insect r-esponses 

that lead atlfay from the selection and use of' a particular plant. 

for food, ov.lposihion, shelte-r or a combination of the three 

(Painter• 1969). 

The mtJrpttology .of the h.ost•plant. may affect the nutrition 

of' the insect in th9 following ways: (a) It may limit the am3unt 

of feeding becaus-e of the texture11 shape o-r colour mhich t!JOUld 

r-educs amount of nutritive material baing 1Agastad and (b) may 

limit the digastibllit.y and utilization of Pood by the insect 

( Kast.ing G .a! 1958; Kasti.n9 and ~1c •. Ginnis• 1959) • 

If the fftOtrphological and physical characteristics of the 

plants arG suit~le fo-r ths tnse:t_,. ctlemic.als having nutritive 

characteristlcs may also -play an lmpcrt.ant role in initial 

attract,ion:, reading and ovipo·sition. Synthetic di.ets of cruciferaa 
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faedars gal.n in their accoptibility after adding mustard oil 

glucosida-s {1'1ayaz and Tnorstoinson_, 1963). feeding by the spatted 

cucumber bee-tle (Diabrotica undeeimpunctata homardi aarbar) is 
a u 

stimulated by eucurt:Jltacina (Chambliss and Jones, 1966). Boll 

usevil f"eeding on artl f!cial diet is increased by the addition 

of goe-.sypol (Maxwell !.t, a!. 1963). 

Phagost!mulant af'fects of' sinigrin have bean cta-monstratad 

in other lepidop·tera (David and Gardiner, 1966), though not all 

brassicaeceous insects require sinigrin to feed normally (Gothilf 

and Beck, 1967). 

Plutella m~cu,ll,eennls larvae have responded with dif'fering 

sensitivity to sinigrin, gluconap-in and other glycosides and 

their occurrence in dlffe·rant proportions in various crucif~rs 

doubtloss contributes to differences in acceptibility within the 

generally acceptable host plant group ( Nayar and Thorsteiason, 

196'1)-• Tho point to be made here with tha nbove examples cited 

is simply that these seeondary plant substances added to tho diet 

probably havo littlo or no nutritive ttalua in themselves, but do 

act as feoding stimulants to increase food intake or tho insect 

whi-ch ln most eaSElS improves ths 99neral nutrition or the insect., 

Soma plant oub'stance may play a dual role in that they 

stimulate as well as being essential nutritionally. P-roteins, 

sugars. phospholipids .. ._. inorganic salts. minerals, vitamins, amino­

acids e-tc., are axaplas of materials that many times function in 

dual rolec of acting as feeding stimulants and alae being 

assant!al Per p~oper development .. Essential oils,. 9lyeosidcn and 

tha other socondary substances as previously statod are usually 

involved mora in a singular role - that of attraction and feeding 

stimulation and lass so Prom a strictly nutritive st~ndpo.int., 
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Odours are also involved and may guide insects to possi• 

bla food plants, as in grasshoppers (Haskell et a!, 1962),. the 

colorado potato beetle Leptinotarsa decamlineata (de Wilda !1, llt 

1969) and migrant locusts Schistocerca graQaria, as wall shott~ a 

posit.ivs an.amotaxis .when the vapours of thair host plant are 

perceived (Ka,ka, 1971). 

- J~rmy { 1966) suggested that. most insacts select. primarily 

in a negative way., i.e. they eat everything n~t containing parti­

cular deterrent secondary plant :subst-ances, majority of these 

compounds tasted appear to afPact food uptake negatively (Buhr 

si 4J., 1958; rraenkel, 1959; Harley and Thorstainson, 1967). 

However, tha problem is cuore complex, because plant species 

differ quantitativaly in their contents of nutritive elements. It 

is likely, that food selection depends on more subtlo information 

than only the presence or. abs.anaa of those secondary plant sub• 

stances (Schoonhoven• 1968). Inactivation of deterrent recaptor 

cells, as has baen dona in thQ case of silkworm (~~mbxx ~ (~ 

by Ishikawa ~ .ill (1969) laad to a·n increased feeding upon non­

host diets. As has bean shown in many lapidoptara larvae, the 

~ensory aysta·m allows f'or an appraisal of the levels of several 

nutritive oompoundsa• such as sugars, amino-acids, sterols ate. 

Sahaviour-al evldenc9 s.uggeats the a.ama for other insects (Hsiao 

and rraanka.l, 1968; 1'U<ason ~ ~ 1 970) • 

The effects oP diotary componsnts on feeding insects were 

also studied widely. Gothilf and Seck (1967) shown that as.corbic 

acid and cellulose detarred larval feeding while protaina sugars, 

wheat germ oil and inorganic salts promote faading in casa of the 



10 

cabbage looper larvae, TJ1chogl,usia ni. The best knomn axampla 

of increased f-eeding stimulation as a result of combined effects 

of diff"arent substa·nc;as is that of sugars and amino-acids, as 

reported by 9ack and Hanac (1958) for the £uropean corn borer, 

Ostrinia nubilali,s, and by Thorstainaon ( 1960) for the grasshop­

per, Camnula ealluci4.CJ..• 

i·1oora (1980) found that varied amounts of' starch, sue rosa 

and lipids., in the diet of the adult boll waevil, B,nthon.ornus 

grJlncUs, (Bohe.m.) have a drastic affect on its fatty acid com:po­

s1t1on and synthasis. The amino-acid tyrosine was found to 

inhibit feeding of tha pea leaf waev 11,. ~i ton'\ ltnaa,tus (L.) on 

three pea cultivar.s,. while saccharose amongst the sugars tested 

mas most ef'f'ective for stimulation of faa ding (Havllekova, 1980). 

Choice of food by the larvae of tho fly, 1'\gria af'f'inis 

depends upon trnl levels of glucose and amino-acids which dater­

mined the gromth and developmsnt or tha Ply. -\!utriant balance is 

·a prime factor determining f'ood salaction in this insect (House, 

1969, 1971 ). Tna role of amino-acids in the feeding behaviour of 

Sp;gAAJ!te,u l,it,t,grali,s, (8oied.-) w~s also reported by Kalifa Y!. A!. 

(1974), in tUhich.,. protein, glutamic acid and alanine Ul9ra highly 

eff-ective in evoking feeding resp8nsss in this insect, while, 

leucine. histidine, serine and mothionine had littla af>f'ect on 

its feading bahavia.ur. 

Sugar conte_nt of plants may be very important to insect 

paats, usually b-eeause of feeding stimulation but may be also 

limiting in proper growth and survival other than regulating 

~ntitative intake. Low level or solublo SU9ar content in host 
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plant of B5i3-Y..~S:,;,ttr.~no .. P.}',.assip.J3J2. {L) limits. reproduction ~nd dmHJl- · 

apmont of.' winged forms ln the aphid (Evans,. 1938" 1939). 

r~st phytophagous insects studied so far havo shown the 

same amino-acid 1:aquiramont as tha rat and other mammalso In tha 

·Pea yphid• l)s.;utrJlqs~.f!b.AU a-i.P..l!.!ll (H3J?!'is )~ resistant plants of' 

e..i,.s._l:'Sl sat\Y.u.fll (L.) lowor ccncentratinn of amina•aeids nccur in 

rosis·tant than suscaptihlo llf"ies (Au~lair, 1957). Varietal resis­

tance Of the pea p!ant 11 PiS!£ID, aq_t.i'tU!!l (l~) to the aphid~ 

fieJt_ti'.J.l.Q2.~-Rh.oJl P~!SH!fl ie cor!'elotad mith ttm relative propo~t!ons 

of ami11G acids and glucose in the tissucr of resistant and suscapao 

tibl·n varietieo of Peas (i·'lalt .. t~ia enrl Auclairs 195'i) •. 

Plants deficient in esaan·&ial minerals ne~Sded by i11sects 

may in addition c·ontain a typical eoncenia'ation~ of organic cr;m­

pounds than can affect tho growth or reproductive capac.ity of the 

insects feeding on thorn. 8at?ke:r end Tauber (1954) roportr:Jd that 

pea sphid ~hibit l"we~ roj.li:'Oi1uotiua capaci. ty on plants deficient . 
.in calcium.~ magnaslum, nitrogen,. p~iooph!lrus and potassium. Allan 

and ~).elman (1951) observed tha ovipositio5l z-at•J of' the muntar:t'J 

tlt"1etlr;, £b.e.Q!!.CUJ. Y.!-.J·.i~ {PlelehaiHIDr) on. matawcros s leavos 

(~@~ .. ur.~.ly_m s.pr.,)· deereHilSed u.1han ~itro99n1 phosphr.a·us- potassium or 

iron eoncentr1Jtions are lowsrad. 

Preference. ·susceptibility and rGsis~ance of plantn: to 

insoet::J- also depends on tha plant's charnical composition, its 

morphophysiologi.col condition and various other stimuli uttsthor 

visual or olfacto!'y, which are present in ths plant. Varietal 

resi9tanca of' t';"lany plants to ua~!our.P ii~>Sects w-as primarily duG 

to its ver.ying chemical composition (Pi(Jr.anuel. 1961 0 t..tay and i"lull,dle, 
""' 
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1965; Mason and Baxter,. 1970; Sharma,. 19"/1; Podoler and Apple­

baum, 1971.; Chalfant and Gainas, 1973; Sullivan and. Bratt, 1974; 

Sehgal and, Ujogir:~ · 1977). 

Amino acid compositiora and corn:s:ltration.in plant leaves 

is vary important in the host solection and pl'Cfen:ence ·Of tha 

larvae of colorado potato beetle, l~,e,tin_o .. t~<:t ae .. cam!,i,neat.§. as 

demonst1"ated by f!Jitchall (1974). Th~ ·ric~ waevil,. Lit1S,ol1,tqn,1,rJJA, 

Q.&X,zophil;u,.s_,. preferred yQung laa\leS· of r.iqa plant and leaves 

t'Jitn high amount of' t·otal nitEogon •. glucons:olub1e· proteins, 

hemicellulose and decraasing amount of' sucrose as shown by Bang 

and Tugruell (1976). 

Di.atary. amino acid. have has£) shown to influance the faa­

. ding. rata of the a_phJ.d, ~GtMt EW .. ~ai .. c;.;m (i-1ittlar~ 1970) and a 

·hi ghar total ernin.o acid eoncent~ation in tho diet of boll weevils, 

increase larval suruival., gro·wth• consumption and hatching 

(Lindig f1l f31, 1981)~, t:o.ok {1977) reported that only L•prolina 

and L•serine from among the amino acids tested9 elicited f'eeding 

response in Lcsu~t..a m..f.~g,mtn&J.A (L .. ),, hexose ·and disaccharrida s 

sugars aro also highly stimulating •. 

Leaf .age and thtl'ir position on tha host plant have also 

bean found to influence the food preference of' the fall webworm, 

Hyphantria cunaa (Barbnsa and Greanblatt9 . 1979a). Age of plant· 

laaves and their amino acid composition affects the performance 

of Bmvicq,Jtxna b£assieae, L.) and l'lVZ!JS; 25}A,Si,AA9.e fJitrogen and 

elemental deficiency also influanca thai.r reproductive functions 
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(Ven Emden, 1966; Van £oden ·!.t a.~ 1971). De Silvoira fonsece 

!lt,. .!\!. (1972a,b.,e}l L=:J c=J) roportad Prom their observation 

on silkworms (8,omnx.x. ~ L.), that .aga or the mulberry loaf 

influence their grO\JJth and development, also the f'Gmding f'raque• 

ncy and water, which as a rosult produce he~lthier and heavier 

cocoons. Vounger leaves aged ona months~ ·ware superior in 

supporting gfowth and development than oldar leaves. 

Esbjerg (1970) round that mortality of the fifth instar 

of' the European pine shoot moth• Rhyac,io~nia buolinia (3chiPf), 

was due to the e.ffsct of tho. wat.or content of the needles of' the 

lodgepole pine {Pinus c,o,nto,r,tq, Loud.), whilG growth rate on 

dried shoots were very high. 

One of" the most important aspects of' host plant in rela• 

tion to phytophagous feeders, sspecially insects is the synchro­

nization of their life cycle with the vegetative cyclo of the 

host plant. Hera the age of' tho host plant, ·play an important 

role to a certain extant, in regulating various life functions of 

an insect feading on it• hence, the effect cannot be small. de 

~.rilde ~ al, {1969) demonstrate in the colorado potato bestle, 

(~c.etif!o,t,arsa decemlineata)- that females fad with physiologically 

aqed potato leaves~ do not raproduco normally or diapause folloms 

earlier; and that gro\.uing young leaves of' potato, are consumad 

in r<Jlatively hig~ar quantities thus leading to better reproduc• 

tion and inhibition of' diapause later. Porry ( 197 4e,b; 1976; 

1978) found that tha a~hid, E,lf\t,o.biur.l !!bie,ti~qrq (til.)., settled 

pref'arantially mora on previous yaars sitka spruce neodlon tha·n 

on currant onea-. further analysis show that currant year neadlea 

had initially higher levels of total and soluble nitrogen le\:lels. 
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durin9 shoot elongation periods, but previous year nsadlas and 

higher levels for most of' thG ramaindar of the year. Quantita­

tively amino acid level was relatively higher in the previous 

yaar noodles than in the current ones; thus as a whole affact 

the feeding behaviour or thQ aphid. 

In Phileenus s.gumari~~ (L.), Horsfield (1977, 1978) found 

that nymphs asloct for Peeding young leaves of ~anthit~ltl st~:yea£iJ.t! 

plants with high9r amino acid concentration in the xylem sap which 

lead to lower mortality t.han leavaa with .low amino acid concantr-

at ion. 

CheMical components have also b!len shown to influence tho 

relationship betwsen insects and tho food plants on which the 

insscts or their immature stages faed. 

Tho effect of increase amount of nitrogan as a result of 

fertilization and its influenc8. on the behaviour, ro.sponsas and 

life runction of' insects have boen also· ~rked out. Beckham (1970) 

reported on· the abundance or cotton insects in cotton fields 

after fertilization and round that more aphids occurred on leaves, 

as tho rate of' nitrogen was increased. The af'f'act or nitrogen as 

a .ractor contributing towards res is~ance of' strawberries to mites, 

has baen worked out by i1odriq.uos ~ ~ (1970) and shoi.U that mite 

inJury to straUJberries. is correlated to the foliage nitrogen 

concentration. 

Host Plant deficient in nitrogen ware prarerrad lass than 

to those with normal nit-rogen concentration as shown by Sogawa 

(1970), thi-s as such lead to lower concentration in amlno acid 

nitrogen in the plant sap which as a result af"f'ect the reading 



behaviour or the hroatn leaf hopper. Siddhu and Kaur 

show that nit.rogan application to the host plant of the mustard 

aphid (L1p2f!h1s ~:r)tsipd. Kalt.) influanee tha fecundity or the 

aphid feeding on it. 

Other workers also reported on the inf'luonca of' elemental 

lavols on various inaect responses and biology (Sharma, 1970; 

8yars and Jung, 1979). 

Parry (1979) attribute variable nitrogen levels in Douglas 

f'ir as a responsible ractor affecting the population levels of' 

· Ada! gas cooleyi (Gil lotte.). This factor is also associated t!Jith 

nymphal immigration, the soluble nitrogen level of the currant 

year needles wars higher but decraaas thereafter. 

The affects or food plants on oocyte growth of Oxva 

Japoni~a, have bean found to be significant by Lae and 1.1ong (1979}. 

Out oP tho Pour plants tastad, maize (~ ~als) was found to ba 

the bast food plant. followed by Axonopus and Cyperus and ury~o 

was tho poor&HJt. These effects are related to the nutritional 

prat.ain raquireosnt ·Of the innect as wall as the char.~ical compo­

sition of tha host plant and tho amount or food ingested. 

food :::ual it y pal 'ID an important role in the population 

dynamics of many .insects especially tM paot species. Shaw and 

Little (1977) obtai:1ed direct evidence Por this by rearing spruce 

budworm larvae (Christonsura fttmiferana Cloo.·) on young field 

grol!tfl balsam fi.r (Abies t:tal..q.amoo L.) treas treated to vary the 

foliar concentrations of nitrogen, carbohydrate and f'at~, and 

obssrvad significant dit'farsnca in larval survival and pupal 

ursight. Ha.rvoy (1974) demonstrate with budU1orm reared on art! Picial 
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diet that pupal weight and larval development rate W9J'S influ­

enced by the sugar concentrations. F"oliaro levels or nitrogen• 

.nmt.rm acids., sugar and fat have been shtlwn to vary ud.th needle 

age,. host species and host maturity ( Ourzan,. 1968; Ourzan end 

Lopusnanski •. 1968; Little., 1970; Kimmins, 1971) •. 
. ..... 

rood quality effects have also been demonstrated mith 

other insecta with ?Ggards to road uptake, longevity,. mortality •. 

survival• fertility end reproductive potential (Singh .• 1970J 

Va-rahnay A\ t.!:s· 1971; Pratt §A M.t· 1972; Smirnort and Bernier, 

1973; Carrew and Batts,, 19?3; Sha!!l afi. §!., 1978). 

Ths rols or ascorbic acid ea a f'aadlng stimulant and 

nutritional reqUirement for phytophagous insacts has bean inves­

tigate-d. ThoJI'stelnson (1958) found that a~orbic acid acted aa a 

feed1ng $t.imulant fo~ thre:e plant f'aed1ng ln:aect.s~ t.ha gJI'asshop. 

per, ChortnieR.~. l,ongico~ni~ (Latreille), ths colorado potato 

beetle• leptinotars.o dacamlineata (Say.).,. and tha diamond backmoth 

larva, ~~"!.\~l.la_ ~a.culiee.nn.~ (Curt •. ). Ito (1961) suggested that 

ascorbic acid ura.s both a feed.ing stimulant and a nutritional 

requirement:. for tha silkwol'l'll, ~o~,zx, mpr,l (L.). Chippendale a:nd 

Beck (1964) end Chippendale (1975) shows that ascorbic acid is 

necossary for normal davolopmt:mt of the larvae of the Europe-an 

corn bore~, Ostrlnia.nubilalia and Oiabrotica g-randiosella adults, 

1 P rea rod o.n meridic diat containing no crude pla.nt material• 

Vanderzant fill. ·11 {1962) have also shown that the boll weevil, 

Anthonomus grandis (8oh) 1 the bollworm, Haliothia zaa (Boddia.) -----
and the s.alt marsh caterpillar, £nt1gmgne, acrea (Drury.) all fail 

to develop on synthetic diets lacking ascqrbic acid. 
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Oxalic acid was found to inhibit sucking response of 

browrt leafhopper (N.ilaparvm,t,m l,u.gens) feeding on rica plants 

(Yoshihara tti JJ.., 1980). Trens•aconitic acid was detected by Kim 

g!. D!. (1976) in barnyard grass and this subst~nca show potent. 

inhibitory activity for feeding in brown leafhopper, ~ilaearvat,a 

lugans (Stal.). Numata ,!t ll (1978) also reported many such sub­

stances present in plant& which have anti-feeding potential and 

c·oumarin presen-t in all non-grasses, as reporte·d by Bernays and 

ChapAtan (1975) is the sola factor responsible for the u.npaletibi• 

lity o.f Anthoxanthum to the grasahoppar. Chortipe,us parallelus. 

Chang ~ §!.. (1981) demonstrate the inhibitory interactions of 

methylene diox,yphenyl compounds on tho southern armyworm 

(Spo,dopt.era sri dania}. 

Abnormal growth and development in Manduca saxta larvas 

was observed by Rosenthal ~ 4l (1975), this is due to the eY'-ect 

of dist. conta.ining canaualinn-.ureacycle-amino acids. Inhibitory 

afracts of> amino acid analogues on inse-ct reproduction have been 

da1110nstrated by Hegdekar ( 1 970). 

Other factors apart from biological factors a.n:d the like 

which affect .growth• devalop~nt_ lifo du:-ation and othor 11 f'e 

funct"iona of insects· ar-siJ cro\Udlng and larval density (Kitamura, 
. . 

1968; Salama ~nd S~em, 1971; Zutshi and Saxena, 1·978) and t.emp-

eratur~, humidity. and light affects. and se·,asonal variation (Childs 

2!. 4!.. 1970; · Sachan a:nd Bajpai, 1973; Shapiro, 1978; Twine, 1978; 

\<Jahla 55. §1. 19?9; Archet 9..\, !.!, 1980; Honek and tllovak1 .. 1980J 

Pap11Bn £!1 J!l. .. 1980; Sau11ders, t 980 and Cox ~ 5l.k 1981). 

(f'tects or host .plants on insects feeding on them hava .also 
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been studied by aavaral workers. Doss (1979) reported on the 

effacts of ho:nt plants on larval duration. pupal weights and 

pupal duration on Heliotbi·s arrnigera (Hubn). Barbosa !1!:. a,!, 

(1979) reported tha affacts of' ho.st plants on development and 

survival of the gypsy moth (Lymantr,i.~ di~2ar). Hoat foliage also 

had soma influaru::e o.n the development, survival. fecundity and 

oviposition of the gpaarmarkad black moth, ~t,trnsetor,a hast§ta 

as shown by \1la't'na.r (1979) and on the eftect of foliage on the 

body melght and survival in tha larval of Lithophan1n1 as shown 

by Schweitzer (1979). The investigations of Mansour at AL (1981) 

on H9110th1a armigera and Poonia et al (1981) on O&,a.cJi.ins!a 

oblir9!a, demonstrate that food plants influence. not only the 

pupal weights and reproductive potential of adults but alao the 

growth index$ gain on larval weight and survival of feeding larvae 

on their rssp.ective host plants. 

Effects and influence of various host plant.s9 on oviposi• 

tion• larval gromth, adult fecundity and total duration of life 

cycla in insects had bean investigate.d, Chattoraj and Yadava 

(1968).,. on the. gram cutworm (Jigrotia, rlommatra Shiff.) J on Thrips 

tabJ!Q! (Llndm.an .. ) by Abdal•Gawead e.t,.!!, (197o •. 1971}; on 

Choristoneu~a canf'lictana by Beckwith (1970); on sugarbeet army­

worm, sp.o~.e.t~t! .·e~1.2;"!a {Hubn.) by Afify !l !!. (1971 )J on Asntis 

1J?sn1loll (Hubn.} by·El-t<if'l.iJi.iJ.. (1971) ZJfld tl-Saysd (1975) and 

Thoretains'Qn ( 1 97'2). lchinoaa and Sasaki ( 19"15) on 8nad1., lfl 

eepon!~ reb; and Vilkova (197~) and Chand Chaudhary (19?7) J 

Tingey and !lll:lentar· {1977) and BarbGsa and Greertblatt (19?·9) on 

othsr insects.- Many other wurkers hava also reported on the multi­

ple effects of host plants on reproduction~, development.~ f'ecundity, 

etc. rJutriont status and physiology of host plants also influence 



19 
tne insect on feeding on them, spacially tnalr population and 

other biological functions (Markut~a ~ BJ., 1969; i'~etcalfe., 1970; 

Grijpma and Gara. 1970a,b; Day, 1971; Orooz, 19?1; F'inch, 1971, 

1980; Greene and Thurston, 1971; Poe, 1971; Salama U. a!, 1971; 

Salama and Tolba• 1971; \larnart 1971J Patterson !!.l!t· 1975; 

\.Jlcklund, 1975; Choudhury and Bhattacharya, 1976; Claridge i,l IJ..,. 

1977; Nawmat(J and ~Jalk~, 19?7·; Bale and Luf'{,. 1978; Capinera 

1978a,b; lal and fiut<herJi:•· 1979: nc.F'arlane andl?Thorstaiooon, 

1919; Ottens and Todd,, 1979; Comb'S a.t ~ 1980; Ho.ttzer and 

Starling, 19SOJ t.Jiemala s,S. ~ 19&0;. Sureja and Chand• 1980). 

Pattsrns or relationships botwaan insect$ and thair food 

plants, reppons-e or insects to plant's had also bean investigated 

by various workers .• Saxana !!.. !l!, (1974) and Saxena sno Saxona 

(1975) tuorkad out a v.ar.lety .fJt" ·insact. rasponaa.s to various plants 

in leafhoppa.rs., £.mnoasaa davast.arm and Empoasea kerri mot.tl in .. ,.. -
relation ·to growth• auNiv.al-1. egg production end oviposition on 

various plants. E:ffect ot plant .species and organic matter on 

feeding behaviour and weight gain of savetoal insects have also 

been invost!gated by aaveral tUOrkers; King (1 977) on larvae of 

the black beetle• Hets;rof!YChuS
1 

aratDr and the effecta of plant· 

s.pacies of 1 ts fa,ecUng b:ehav·iour an-d weight gain. Scr1Q.er and 

raeny (1979) reported on the af'Pact& of' growth f'o:rm of food 

plants on hervlbivot-oua caterpillaro and that they .grow f'astol' 

and more_ efficiently on harbol:a.ous plants than 011 shrubs and trees. 

Nair and Mc£t!lsn (1976)~ Nair .t!t a,!, (1976) in their hos·t. 

selection studie:s of the adult cabbage maggot (ttrlemt~ brassicao)• 

.reported the ePfects of glucosinnlatas and common nutrients on 

oviposition or the adult fly,, and that sinigrin and f'·our other 
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§lucosinolatea illducad oviposition. The mustard oil, allyl• 

isothiocyanate stimulate the flight activity of the fly and 

attract them to their source. Glucose, sucrosG, casein, wheat 

9srm oil and a-vitamins did not. influence ovipos-ition at the 

tested concentrat-ions. but case.in hydrolysate inhibited ovipo• 

sitiono 

03their and Goldrieh (1971) damonstrated that sugars 

added to the food of the- blodtly larvae,. dUl!ing their development 

lead to an 1ncl9-ase oonsitivity of'l~adults to some sugars. Chang 

and Philo gena (1978) reported the responses of Ps,zlle e,v:tco,l.,. to 

t~arlous polar and non-pitl.er lipids of ~VHY! sp. leaves and als-o 

to various phenolic eompoundst furthermore, only six polla:­

S:Olubla and two lipid-soluble phenolics if' pres.ant in any plant 

is enough to be easily acc9pted by the psyllid as a host. 

In the ho.st plant selection of the horse raddish flea 

baetle, P!Jyl,l,o.t.teta !£!llOA<!Ciaa_, tczo rlavanol gl ycosidas are found 

to be tha factor mhich stimulatas fa:eding of the bootla in combi­

nation ud. tb glucosinolat.as (Neilsen at. ~ 1979). Thls agreas 

urith tha findings or f"eeny !.t i!!, (1970) and H1C'ks (1974),. on 

mustard tlil glucosidas which stimulates feeding in .cabbage fish 

bestla adults, Phyllot,l'St~ crucifarae and Phyllotreta otr1olats• 

fectding st.imulation,. responoes and behaviour· or insecttt 

ln relation to the plant on Ulhich they feed have also begn .,ro­

Puaely invastiaatad by many workers. on various insecta. Variation 

in the l(JVal Gf chemical compone-nts and presence of ottmr chemical 

c.onstltuant.s which influence the various behavioural responses 

and prefere-nce of insects to their host plants has also been 

s(~tftui.;taneously investigated (Baker and 'r:torrls, 1967; 196Bo,b; 
. '· 
' 
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~Jle.yer and ttorrls. 1967; Gilbert and Norl'ia, 1968; Baker et !1,. 

1968; Borg and Norris,, 1969; -Norris:,. 1970; Peacock and risk, 

1970; i~ielsan, 1978; lol'dsns-Rottgar,. 1979; F'isk, 1 980; Haglund, 

1980; and Albert and Jarrett• 1981 ) • 

Studies on food and feeding s~cificity• feadlt1g habits 

and evolution o, food plant proferam:a on phytnphagaus lnsocts, 

in nat.ural and ·synthetic diets have been worked out by many 

e~orf<ers {Oathi·sr, 19$4; 1968; Goodpatlture, 1~74; Pavlik, 1974; 

YamarROto, 1974; Ellis and Hardman, 1975J de8oer £ ~ 1977f 

1'-Uahra, 19?7; Saxena and Schoanttovan, 1978J Smiley, 1918; Do.thier 

and Yost, 1979J Hussain !!. A!, 19?9; Wa$Serman, 1979; Mosar and 

Oartll, 19SO; PotOOll:, 19fm). 

Host plant axtract.s t!ISre usually f'ound to be stimulating 

in ·various taat. with refersnea to feeding and behaviour and to a 

large· extant on ovipositional resp.onsas. Aa shown by l"laisner and 

Ascher (1972) and fleisnar (1973) in Spormptera litt.orali.a and 

Pouzat. (1976) in Aca.n.thoscalide.~ obtectu~,. these iosacts foed on 

non-host plants and oviposit or~ any substrate containing the 

host extracts •. F"o:ading innibi tion by laave extracts on insects 

was also damonst.rated by Meisner ,2l!.!. (1981) on Sg~doeter,a 

UM'to£al1S.· 

lnt.erNlationships embracing plant-a~thropod relation­

ship as related to natural phenomena was wry compl&x as visaed 

by HuPf'aker (1974).,, especially the· interplay between the plant 

noats and ·their phytophagous feeders and among tha !attar and· 

thei.r own carn1voro·us predators and parasite:9 and at higher · 

levels as wall have had st~iking inf"luancas in the evolution of' 
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species, and in thGir functional• dynamic roles in oxplaining 

the population dyna~ics and onorgatios or complex communities. 

Insect-9lant relationships are of'ten studied in culti• 

vated species of economic ir:1portance -while the thorough knowledge 

acquired in modern plant protection research is appreciable,, the 

study or insects and plants under more natural conditions may add 

na.w data ralsvant to an understanding of the ev:olution of their 

relationship. Harrsbout J!. J!l (1976 ),. Schoonhoven .2!. !!. (1977), 

shown that small ermino moths of' tha genus Yeonomeut~ (Lepidop.. 

tara) show different dograes of' relationship with thoir host 

plants w~ich ~aaults as evidence to tha clue of their origin and 

·evolution. further works by Gerrits-Heybroek at &. (1978) reveals 

that larvas of' ermine moths can retain sensitivities to substances 

found in anceGtral faod plants, mhich support tha hypothasis that 

members of this gonus feed originally on celastracecus plants. 

1\uerba.ch and Hendrix (1980), as a result of their study of the 

insect f'arn interaction, ruith regard to utilization and speclas 

area association indicate that some aspects of f'ern-lnsact aasoc• 

lations are similar to those known for angiosperm-insect inter­

actio-ns. Two hypothosos are frequently prasanted to s"plain the 

apparent rosistanca of ferns to inaact attack. Both hypotheses 

involve chemical constituents of' ferns; one stresses the presence 

of thi ar.1inase t thl(J other an the occurrence of' phytoscdysones. 

These hypotheses according to Hendrix (19?7) and Jonag and fi.rn 

(1978) have their own shortcomings. ~oran (1980)• analysed the 

cactophagous insect cOl'!tmuni ty on Opuntla nests, and described 

the various apaclficity of tha phytopllagous insects. on opuntias-. 

their coevolution, life 'histories and the behavioural adaptation. 
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Hicks and Tahvanainan (1974), when working with niche 

diff'erentiati~n by crucifer feeding flea beetles (Chys.omelidae) 

show that six closely related flea beetle species in Contral 

New York coexis·t by possessing distinct host plant and habitat 

preferences. Van Dr_~lan and Poval (1980) demonstrate by exper­

iments tha relation~hlp beturean the larvae of' Vponomauta app. 

(Lepidopter@) and their various host plants on the ~asia of 

gustatory sensitivity maasurad by alectrical rosponsas. 

Hori (1968.,. 1974, 19?5~)observed ln the cabbage bug, 

trydama ~uqgaum, (tft..otschulsky. j that adult bugs feed mainly on 

nulaophyll and parenchymatous cells or the stem and on the pod 

and flower bud of' the cruciferous food plants, their nymphs reed 

not only on masophyll but also on vasular elements; tha younger 

the age of tha nympha, ·the more they fead on the latter alsrnants, 

and that on the injured tis.suas of' cabbage tha peroxidase acti­

vity increased temporarily but dao~easad rapidly plant tissua, 

the acid phosphatase activity and amount oP pha11ol compounds 

dacreasad immediately aPter t.ha injury but thereafter lt m:as 

restored to tha level of" the uninjured plant tissue. These· 

changes . .in th.a hast tissue ware not observed in the nymphal fee­

ding but on tha adult only. Tho chlorophyll content also decrea­

sed as a reault of the feoding of tho adult bug. With regard to 

the change in amino acid components of the host tissue. seventeen 

and fiftoen kinds of' a;nin:o acids urera detected 1n the injured 

and th·ct uninjured tissue respectively. The total amount of amino 

acids was significantly greats!' in uninjured tissue •. 

liori (1971a,bf 1973; 1975b) studied the f"asdlng habits 

and tha injury inflicted by Lrsus ~ispons.! · (linnavuori.) to its 
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host plants, .sugar beet a.nd raps, which lead to many malforma­

tion tin tha host plants on which these bugs feed,. an.d also 

observed that these malformations are ralatod to the frequency, 

duration and the quantity of feeding of thase bugs. Oth-er impor­

tant observations are that the concentration of the thirteen 

amino acids round originally in the host plant., i.e. sugarbaet, 

increase remarkably due to injury. five kinds of sugars woto 

originally present ln the host plant and were more abundant qu-an­

titatively as a result of injury, except glucose. Phsnoloxidase 

activity also 1ncl"easo as a ros·ult of injury, especially in the 

vein t1ssuas but s1jbstancea reacting ~ith Salkovski reagent dec• 

reasa. lUl thsso chanSJ9s lead to mal f'oraation of tho lear of the 

host plant as a result of tha feeding of the bug. 

~1hen an insect or any phytophagouo organistll• encounters· 

a substrate or any plant in natural or artificial condition, it 

must first approach it, then have a teat bite to verify whether 

the substrate is tasty or not, whether it is acceptable to it as 

rood or not. Tnen biting, sucking, chewing or nibbling occurs 

accordingly •. followed by consumption., diges-tion and ajastion. These 

are a chain of events occurring duriog tho feeding proceas of' any 

insect or organism,, ¥Jhen the substrate or plant species is found 

suitable for consumption, thus leading to nutrition• growth and 

davalop~eflt, tiasua repair.. reproduction and other noccessary 

. biological functions, in order to exist and continue lifs in 

nature .• 

The consumption of or feeding on any substrate or food 

plants should be followed by utilization of' t.ha food,. conversion 

to tiasua grow·t.h and development. Thsr·efore .• varlous indices like 



consumptlont utilization, c·onversion should be known so that 

pred1ct1.on and postulation for growth could be estimated. Hence, 

these typ-e of studies ars vory important ror each organism from 

the smallest. to the largest and from the simplest to the complex 

forma. 

Studies on food consumption, its utilization and conversion 

efficiencies in rel~tion to growth and development in phytophagous 

feeders is not uaey now. especially on those species of economic 

importance. 

1\n insect may eat a small or a large amo~nt of rood, and 

it cay or may not grow or develop proparl1f. Hence food consump. 

tion is very itilportant in understanding the various insect 

responses in relation to their accepted host plants. Tha amount 

of f'ood ingested therefore have very important int'luance on body 

growth and development or many insects. Various workers .have 

rep-ort.ed the influence of food consumption oQ growth end develop.. 

mant rate of' insects (Jonas and Thurston, 1970; Renner, 1970; Reid 

and Groene, 1973; DeVita, 1974; Scr-iber. 1978, 1979a,b; \laish and 

Agarwal, 1978; 8abu g1 4!. 1979; Reddy and Alrred,, 1979; Barry 

and Shields,. 1980; Gupta and Vats. 1980; and Ottens and Todd, 

1980). 

\Jln many works done on consumption or ingestion of f'ood 

by insects, Peading responses and preference to various food 

plants or parts of' the same plant and synthetic diets, usre also 

studied• together with utilization, digastion and development 

rate. Comparative consumption,. utilization studies are also made 

to understand the preferonce of insocta or their young ones to 

plants and to obsewe the rasultant etfect of such behaviour on 
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growth and development of such insacts (Evans,, t939; ltJaismann 

and Podmanict<a, 1970; Dale and Chandrika, 197'; Boldt e,!, a,!,1975; 

Erickson. 1975; Brah·am and. Wit tor, 1978; Ratan, 1978; Pram Chand, 

1979; Ramdav and Rao,· 1979; Capinera !!1. AL 1981). 

Studies on f.ood consumption, utilization and conversion 

efficiencies.,. as they influence growth and development of insects 

have attracted .the attention of nutriti.onists. Hence, sir.~ulta­

neously with these efficiency studies, investigations have also 

bea-n carried out especially on nutrients, chemical components:t· 

and other impor·tant plant chemicals, and th9ir influence on con­

sumption, digas,t'ton, utilization and. egestion rates, and thelr 

resultant ef"fect on growth and devslopmant of insects in part1eti­

lar, on artiflclal diet·s or natural substrates (Baker .!! !lb 

1910; Mittler !!, ~· 1970a.b,.c~ Shaver 2t .!l!.t· 1970; rtowers !!1, ~ 

1915; Cahukar,. 1976, 1979; and Larsson and Tenow, 1 979). 

Energy relationships, balan.ce, budgets and energy flow in 

relation to varioufl indices of consumption, utilization, growth 

and dsvalopment had also baen car.ried out. (trhan, 1969; Lawton, 

1970; Taylor and Bardne~, 1970; \.Jightman and Rogsra., 1978; Oalvl 

and Pandian, 1979; Kingsolver and C>aniel, 1979; LlGwallyn and 

Qul'eshi, 1979; and Kollar a.nd le.onara . ., 19.91). 

Influence of' physical factors., like temperature, photope• 

riodism, hwaidity and ot.tter conditions.,. either naturally or 

artificially, have bean studied and their affa:ets on consumption, 

utilization,. camtarsi.on indices and resultant effects on growth 

and davolopmsnt of iflSect.s had also bean demonstrated either on 

natural substrates or synthetic diets. {£1-Shaarawy and Gomaa,, 

1975; Ali and Salem. 1978 J Bhat and Bhattacnarva. 1976 J Khalsa 

a, J&&.,. 19791 and S lnQhal-. 1978• 1979) • 
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Parasitism and other pathoblologlcal factors have also 

boan darnonst.ratad t:o influence, consumption,. gromth., utiliza­

tion and food bud gat of many insects, he flee affecting their 

groutth and normal dauelopmant (Cloutier and i'lackauar, 1979; 

Br8!U9r and King, 1980, 1981; f'lilstaad, 1980; and Espinal, 1981). 

Phytoecdysanes, horraon~ analogues, especially juvenile. 

and acdysona and danaitv have also been shown to inf"luenee food 

consumptlion., utilization and conversion efficiences of m.any 

insacts. hence aff'act. their growth and development (Sh.igamatau 

~a!, 1974; f"ytizas and Mourikis, 1979; and i"1athavan ~ &!, 

1980). 

Such investigations UJGra done to gather soma understan­

ding about ioop-onses and rel~tionships of insects to their host 

plants in artificial or natural conditions whether they are pasts 

or banePicial in nature. 

Tha problem of insect plant relationship as it stands at 

pres-ant lePt behind many mystarias f'or the applied as unJll as 

the theoretical biologists to solve. Ita a matter of Pact, various 

aspects of insect plant relationship and related mechanisms 

involved are atlll ope-n for further invastlgatlons. 



CHAPTER I 



Pop~Jlation Dens.i.ty of Pieris grassi,cag (L.) and f.ia.ris nae! 

mgntaoa Ven1ty 9 in Cruciferous fialda~ 



28 

The hatd .. to~a Vo• anv spac10$ 'or 1nsscts oro ooith~ homcga. 

ncus tGOi' CDntJUwouso fho topOztaneo. of habitat mt.a"uctura upon ths 

p.opulatlon dynamics of imncts hsa baon pointed out by El·ton (1949) 

aM oom ~ntly by s~outhmood (t9??) •. !n ca9o cf' insset plant 

~re13ti:Ormhlp~, tho rrolo oi' Plonto in rrogulatlng U\o population 

dynsm!co of lnooeto :1o wall knomn (~an tmdan and l1ay,, 1971)., 

Ccmlng to ttro study of ag~"o-ocnsyotemS.. dtnrG ·t~ta 0ituation 

i~ .d:.t fterant ~c~ thosa of natu~r.el comt1t1of19,. to a co~ln oxtont, 

t.ha pmbltllm c.:f insect plant lr3l.ati~lp io qu1'te dltfo~s:~. Ho~a 

the 111iS9:Cte .-o cloooly easoc:lo\od with thail' heat planta on which 

t:hov ovlpoait~ to9d and .grom.o· although th'lo may tti;ffoJt .ltt e~ casooo 

·tn thi,a $tudy of 1nzac\: hOSt pl~ nl.aUoMhiP• P!~is buttsrflle$ 

togothe? with thali' heat Plants balonglng to the famUy CJ:~cifo?se, 

oro taken into accoun't. P!o&>b bl'aGsicoo (L.) and Pial"io _...ftai.P-.1 
. . . . 1C1 I I ka . ~--

Tho lnsttagtlJ.as Mlongtno to 'the ~ P lo~is a.-e often knco·n 

as pasta oP c.fti.Cifo~ vGgatobl.os. Aoong aU tho spocias of thls 

gonue. narl01V• P!erle br}!JAie&al (t...)., Pi.ru:-ia rattAo (L-~l. Piaria na§!l 
·. t- a ........ tt.: · ·aalii%-=e . ar-t 

mont~ (L.),. Piom-Aa
1 
~®e (L .. ) •. onlv· Pio~ls br~91coe and.Pioeis 

~ I I•. . ..... , I . 

ltGPfl! a1ro t:mll kmum posts. T~ .tuo apaelnn or P!ai"As l.ey ogga on' 

C~UC!'fetruus pl:ento ·arut thoir- voung onas ,food o.n theso vogot,attloo,. 

umilo tho adults llvo on tJbo mc~l' or various flomu1ng plents •.. 

iPJ.(ttlO bwsaaloaa (L •. ) or· ccmt'l1')nly called tho la&-ga cnbbega · 

dilt9 buttsrfly (Plata 1•1l.C) 1s vorv ~n and is found in tho 

lmllan tttgl0t1 mainly ln ·tho NcJitha:£aatawn Hills or lndte •. the foot­

hille of tho Himalayas. tho extroma ncwt:hes-n plains o1' lndia and 
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B'aluchlst:afto. In tUt'opo •. lt ta VOl"Y co.mon in B'~ltal.n end th9-. 

~lc-andlnavJ.nn coun:t.-.~ and is a~ found ln tho ~dltew'l'anesn 

Jr()glon ineludl~ f~odh Hhlea. ·exCGptt 1n Egypt (Rlvnay. t962,. 

. t-ltynto~lvth. 1 992) e: 

mtr!te Oi" dai'k volmd buttet-t:lv (.Plate t-a,.u) lo also OOlfV coamon; 

1\ ,i;s found ~flll·v in ·B·uma end Sikklllle- but tt mas ~ao~~rd0d 

~ tha &&!malayan 'f09th1J.ls ana ths hillY li'Oglom oi> f~~£ost 

_·· I-ndia (l~vntoa-Dlyth4, 1'-32). 

Both thaoo s.pocbs f'avOU'f' hUly mgl~n ond mountain eltot 

andfl:':t;hor mar ba Po.und 1n OJrOQO Wh~Olr. CNQ1f'~ eul Uvat!cn lo 

eomo.on. tn Sh1110ng both t.hsaa aps:clao ,aro wr1 common. sspo.clally 

taetc:ra tt\a app:roat:h of' 9.ut.Wtir \lUl t.h.-a lm\flnnlng or cold tnlntott :fl,n 

· thogg a~ ulla~ cultlvatr.l-cn of cnrucifa:rous c:t"Op$ GI'\J hawy ond 

etteft 1n small kit.chen ~dans. 

. 

lllopul.at!on dvnmtcs o-f' ~ spp-. ., hav-e been atudiGd wldalfp 

aftd most. of tho S'tudlea ~ caB.Jriad -out aloultaRGOUSlY with the 

ava11ab1Uty ot thalv host p:lonto in natu~al ccm1tions. rlok.~J.ra 

(1970) ·ctsscr.i&od 't:ho :Pi~idao coromunlt.v in ~a_pOn and else thail' 

ecBlogical sSf)ai'&Uon tlJl:th tr.ogo~d to faadlng sltas and food planta~ 

lto G.£ (19?Sl -nave tha fe.a'tutra9- c~ thG p-op:ulatlon dy-namics ot . 

PJad,i tea• A&U.BlM.OJtA (Boisd.) anQ tntMducod past ln Oklnowa 

ban-ad on yon9 yoo'r survey •. Ulul~-1 (t9?9~t 1900). ~~nts.d a c-ospa­

rat..lvo s'tu"' o·r ~ot~en ,spac1'99, of' Pi:si'id bu~t~t'l1mJe P1oxr1s ·~aBf¥? 

!• ooloto and !!• '!WJP,li ln r&lat!on to their ov!positlon ·plants,, 

metal' planta ~ MtJtin9 a:ttss in Akhi Pl'Gtocture. f"urttwi'QOge, 

V~a (1'9??• 1:~) l."SPOtt.od on the ~er of' Q-999 laid by PSorio 

nafti qoo:lo a-00. _P., .~ el!ucivo~a in Sapporo,, Japa"• ·-· ~ 



£xplanation ·of .PLATE NO. 1. 

A - Nale of Pieris brassica!J (L.) 

a - female of Pieri a naci montana Vanity 

c - Female of Pier is b~assicaa (L.) 

0 - Male of P!91&s oas..i mgotana \lenity 

E - Feeding last stage la~va of f • Jl• .m_on tan a Vanity 

r - reeding last ~tag~ larva of"P• - b1'ass1cam (L •. ) 

c - Pupal cases of the larval parasite p.~rasitiz ing 

~~. napi montana V~nity. 
::_-,}~-:-
•"£ ' ' . ·'. 

H - Ad-ults of the parasite parasitizing .f• .!!• montana 

\lenity. 

I - Parasitized larva of .f• brassica~ (L•) with ~ajasitit' 

grubs. 

J - Grubs of the parasitic· ·hymanopt'eran ·(Aeantelias 

glomeratua L.) -

K - Pupal cocoons of .!• glomaxatus (L.) 

L - Apanteles glomeratys (L.) adults 
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Ashby and ~~t.at:nga.l' (19?4) rnpotr.ted the natul'al population 

1!'.flftult)t:1on of Plo£Je &~ L. in nrso Zeal.ond and. Jonas . .r~~tt. ·""'. ( t 900) ~~ .. lllmt~-=1' • ~~ 

on lta long dlat:anca ~~t in AUS~traua. l'n BrLt.ol~ ths een10CJV 

of ~!laB& (L .• ) ~ ~ed cut. by LetJS and A.r-ehow (1974). tttG.Gl 
.' . ' 

(1c912) ~u,rted en too dispol'Oal ot ~S. E..ti\-B ln South t?ast 

V:i~gittla. u.s,.a •. ,., tihlilG tt~a hnst plant:a ofl AmaJti~ e.thlta butttW­

f'llea (.Pieridao) cas J:OPntsd by ·elomdan {1971) omt She-plUG (19?5)-• 

Gat-d1naao (1·914) trapotl"ted en th.a oot-abli~nt of Plavls b,t:aa:sicaea 

{L-o.) 39 ·a pea~ ln ChUG·• 

nt~ at.udi-oo oi.th J'Gt}a1rd to matting. hns·t solect:.lon._. flown!' 

v1s1t1ng tm~icu~,.i Qdult l.ongovity.; .. rmDuet1us potont.lal and 

hatti'tat saloct-ion Ot ~Jag~ ~ hat~t~ also bl3.ef1 ftlpo.rwd (Obahua, 

1970; !lb~ a\ Q1, t974; tlUy-OtuaVlll• 197oJ s.uzwt., 19?0; ~ end 

luoo.. 1979 )-• 

Sines not a.ruch tr.Dvk has b:Gcn dono on tho papUlation dvnam1~s 

of Pie919 bJ~C!9&teoo (&.:.) end P., ntllft! oont~ana. hn1ty, the pJl-OSont Vh T • I in'EiJ f ... ::£4: J. . . 

-sttudy waS- taken I.QI with a uiaw to flnd out population fl.uctuatlcm 

durin:g dltfo~ months of tho yao in J$1-0tio:n to physlcal and 

t»Aolo~ ~a1r~gs 1n natwrel cemttt!ora. 
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A~:oaa aanund ShU.leng (vto~•£ • 24oo•m) and lts subuna Q)lfQ 

cttoaan as otudv s!t-e_ao, ~v oF eult!v.a\ad crucif'cn in diffoi'Mt 

sl'to9 f.U3S JW'lta.a:Wlly dons ord' those S!"'<lSS with heavy c:ultlv-a\ioft 

only ~:re cmoaen fo~ f.i9:1d s:tmrevs• Po;nala~ion _ st:udy t00:9 donG ontv­

at one _~a •. that is• p\ Smit uilla9Go- about 15 Ices. fftW Shtllong. 

_ tho ttUlaga t.o locot;cd on ttro south- of $h1Uong plotoau .and ve1tv 

climO to S.'lillong JWafih, Its altitude ls ~ximatoly 50tm-S500 ft •. 

f'smm sea lov01• 

- ln thi& ull,laga,. ttw:tQ ta 3 la~to ama or ~llimatsly 4 oq. 

km •. Which 1& usa :roar cultiv~tton of' vsrious uuclf~us oogatablos -

l.lke cabbaf'lle •. anatd.co olel'a._ceaa Val' CSDitat_A'l (L:.,l: -eeullfl~r!ll'• 
- ".:it- - Q71G I I I iCill -- " w 

a-.I'Sssiea olel*aCOeo ttal:! bfJ.t1~z!,l-s, (L .• ) 'J muat-od, '~SS9ica _ san;eG.ot:o
1
1s 

var &ePOn PJrei:nJ Jl'adrJiott,_, !AA!lanua, sat.lvw _ (L.) J lsttucs,. Lotuca_ 

ind!ta (L .• }; knol khnlj,, 9_ J'a$91Ca ol 91'SC08a VOl:' oonft)'lodo.a (L_.) .and 
. · ....... J I,J I tJ '4 ..... dl6i. I Q . 

sotwl ~1101' O"PS Uka •leo.. O~v~ SGtlva (L.); Qalzo. Zea ma__.-.,.v~o (L .. ) 
. . ·lW&ill. ......._. .......... 

end potato• Solnnuo tut.tsmsum (L,•l• Tho alta selectolJ l·a hilly ml th 

~ flat 1~ horo. Md the-. and 19 thinly cov-efild by t.-e~ such 

as plnoo;, P1-"'!! kfJo;lxa., (L ... ) .. 

· Populatic~ Gtucsy mas C!a~l!rlod o.ut fol!rthni~tly. Population 

sampling moo dUM_ only during tha af'te~nnon and aampU-ng t.ims t!la& 

only 2 holRS !.e;9et- h-om 12.00 to 2 .• 00 p.m~ OUaoi.ng thla tio~ allotted, 

tatlpel'-atwre. hUin.ld.l.tv and ~Ginfoll otsse"~d ln t~o field ~1'9 

.SaQP11ng o~ ;4.-~ct PGPUI-Jotion ~ cal'-&-1ad out accotdlng to 

-tho oothOd of ~d$ (1940),., tUhta·sra onlV tim lQ'v.al atagss -and 

eggs us.11e tatc:en !into acccunt. Tho abaeluta dansi-ty of l~ruoo .and 

aggs· wa5 lrSCC.rcfn.d ~an:!o£1ly f'J'Om SO pl~'lftb in tho f'iel-d ~hot- ·tho 



. . 
agms ~1'0 tU.mctl:Y ec.untod &.Q. Q1ta 9~, each Plant. Tho raumbo.r of 

adul·f4 Plying du~J.ng the allott9d lima mao os:t~tod v!auallV 

follomin-g ·the eat'ho.d of' fJ~s and 6ai'V'WO. (1·9$;4) and shrmod and 

~ plots (V.Ju21'ay (19t'B) ~12'9 aloo Oli1.'Vayod on tha bill 

stems and slopes,, ¥o-,. a-ggn .• latvaa and odialt:s-:c~ 
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lhe two .vaar pcp.ul.aU.cn ·(nanav (Saptombnr.. 1 9?iP to f'eb~uat-Vt~ · 

1Wlc2) of' psa.t .lnso.ct.o of c~uciloJtOUS CBJpSg. Rlf!iQly Pl!Ul'i.O bi~¥.S.i.£§.!~ 

(L,.) and ~w.•l,a, gqg\ mu •. ··.m.......,.·m ... ·M._· Usnity at tha studv asroa. 1'9ueoled 

mcnv intalf&Sting ~ta cuepooially in tralstion 'h physical end 

b1o1o~cal qacaots. 

Ttte, PQPuletlon studv ov oggS or botb too ~PQCi.es dl#1ng \he 

ve~ 19?9 nhomsi . that; in ·tha acnt-h ot ·$aJ!~t:emb9r and actcam~. · tte 

density CIOO 1n clit.latf• but D.las.h down in caoo of £.• tvtmmJs<fl!;\ " 
~lngj the $tartt o9 the tolloolng ·voa~" •. that !.e 1980. On. ·ttto· otft.et 

hand, in casa Qf' !•' ·lJ&i. mntAM. Vonity it to ti'Gim~•· T~ pop~~io­

tton dsnotty of ogp Qgal•n wan at peak. tosr tm:th th~ epacl~ du.-tng 

lM cvoftth Of' Augue~ and 5ap'~•- ·1980. ln cooa of' £• ~11Sw:l 
it dnps ~ i·n ruova~ $ftd ~:0'2. et'lUo t·hls was not. obSat'Vad 

. ' 

in !• ~ mf\lam U'ontt:y. again .in Oe~ and t'lolifltDbat. 1991;,. it.ho 

population domi~y of' e-gp or both ~'hkl $pecies ·WS9 at maximua., wt 

~ ®!lm dut>lng: 'tM and of' tho yoo~t (Flo .. 1A).o, 

~aratiuely tho do·r&lt}1 of.' t~9f!P ot e..- 9\.t.OJ.nlf::& e~as .unif~ 
mly. ·Mgh.GJ' t~n ttmti .of !!_., s\ ag11ttma Usntt:y,~ ~lnm tha tt~intOJr 

months•, .Januatry•rettruagy. ·ttw ®natty of e.ggs ·u:an: u01ry low ln beth 

ttm s-pn;Gtoo end 'thl~ .~· al.o.c obSaft(ld du?ing t~o sUl'J!nor months 

1,.,.z. P!flulsticn dana.!tz o,t lflll"'a.e• · 

Ttta popula~ton do'ns1t'y (lf lawOD o·r bOth thO species., mao 

ob.sewod \o v•v du:td.ng dl.ff'emnt cmmtha of ths VOSJt• Tho.·l;awol 

danst~ty man vea-v M.Gh durl11g tho mn~hn of SSp~~ and Oet.~fl• 



:19'79 -.n bo~h the spaC'!o~ nt.Uf.!lled. ~ ~ol :d13no1~y dnppod 

during tha months of' •U·A~gust in ·the yea .. 1900 • 
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. tn 19Qtl8 , again in ·tha months or SePt.cmba-r-DeC9ttJbe.r .• tM 1.~ 

vol cbns.ity o? both tho spoci.oo mas a~ peak• this mas also obsot.Ved 

.in tho yoa? 19&1. D.u~ting td.:nta·r• tho 1~ don9it:v t'!l'flS eleays h1gh 

in both tha ap~oo,. bUt Uls is vauarood dul"ing ·tha st.lilmal' (flg. 

'19)·. 

1.,,.J. :Adult e;muaaUO:n. 
I; I! I --- ;. 

Ttm ~ or adulis .o.t ·trd~ tha spociss also va1~y dul'irtG 

tho d11?mmnt mcnthh of ·ttto v~· 

~Jftg thG pas-1od ttugugt; ~ De~·.~ of bOth t.ti:e V$ar. 1990 

~ 19&1 •. the ~o~r of' adu)ta of both the 9l):9Cias waG obaowvod tc. 

bo at climax •. bu~ aopa ·~ dtiatln*J th9 ea~ly summar, du~lng the 

·ptrl.iod 4plr1J.-.lu:na~ 1M adlila~· of ~., n921 •. mo!)ttm~ ~?JS·t-a Obseavad to 
- ' 

ba almava moi'O ln ftumba1' than that o? £•· bmSJJJ..r~ but ttu:ur.o I.e a 

. uftif'oiQ · fluctuation Of' U& · n~:r. cJ' b.cth tho apeeloo ,thMughout. 

the s.t.udy pa~!Od (fig. 2) .~ 

Tha ·tmo y~. S)Opulaticn. su~ev ot these Plo!ria V.• shoi:!s 
. . 

t.tmt; tte adUl~ 'J.ft .not; f'ovomr ~ conditiona, but proPa~:-ed 

. wlnta~~ This :is c;~latod UJlth tha: avaUabili'y o, :fccd plonts en 
,' 

I 

Whleh thov ov~.l t. Host pl.al\t avsUob111t:y was mDI'a dln'ing t:tt9 
. ' . ' 

minteR ~\ Octohe~"Jo.~anuat'V but du~r!.ng tho suma:ror • host plsnta 

f!D~ aU.ll ln. NRSOlt.lO$ and not ava1.lablo to tho adtal ts 1n ·the opon 

Vla.ld ccndlt~ (fable-,). 

t .• ;4.4--·· pPp;uletl~.~rm·At;Sf o~ ow in glatltn ,to ptw!4cat 'AA~~· 

Aw1rago monthiv ~oc~ of' tempo~atul"9 (maalr.luaJ and m!nltnum), 

l'ointall and hunlldity., ~voal that th'Gi'e 1-a a closn walstion mith 



rig~ 1 Aver~ge ebsoluts density of egg~ (A) and latvae (S) 

ot !• b!assicag and .f.·· nag§. montana .\hl9ity~ 
. - .. . ,,r ' 
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ftt)st plant availability ln th9 study area during diffe~ent·monthe 
· Qf the year. 

- I f II 

HO fil T H s 
' Plll~JTS i IJA~J f'£9 f.IJAR APR NllV JUt~ lUL .AUG StP OCT 1\t0\1 D£C -· 

Cob.hage 

· {B~assiea olerac:9a + .. ED - ... l + • .. + + .. + - caertata ['J .. o varo I' rJ 
.~ . u r d 

Cauli flo war. 
(Brse·sica oleraeaa 

ll Ill$ IF4T~ 

val". bctrtLti.s l . · + - .. - ·~ +N + + + + <0- • 
~'luatard 

(Bras·sica ca!eostris . I I<F .. var • .5arson Prra n) • • - - - .t'J ~ + + + + 

Knol khol 
(Brasalea olo.rocee 
uar. ft2'19~loda~ · [.) + ... . '~~4 +~ + .... 4i -· CEll GIL·. - • 

·: 

, lVaddish 

(RQJ!!anus satiuus L:1 . . •' , -, + - - - *'iJ +:.; + ~ + + + • 
Lettuce 

(bat&m. J...w!!PA L • .) + - ~~ •ro + + + + '+ - .... -
-

• =Present 

"W = Present in i~ut"saries 

- - Absent 



Fig• 2 Number ·.Q·f .£• j),rase1eag (l~) and .f• naa& mpnt.anp 

Vanity adults present in a Uf)it time. 



40{ 

~~. 
1 ,I\ ' I 

.l/)20. ', 
r- . . 
_..J . 

::> 
0 
<( 

lL 
0 

d 
.Z 

\, 

Fig.2. 



39 
av~s?-aQO ogg daM!ty 1::1 tm ·i'told •. 0Ul"1nQ the uet sur:r.r:sr po1riod • 

luzte:•lhagust (rig. '~'l) of' hoth ·tho yoar 1900 and 1_981• th9 81Jai"ags 

ogg ®n.'litv taas US'J'Y 1~ in both the specie·~· but an tha aintav. 

seaso.n UJlth to~ ~ainVal.l• f1rom Sep·tsf!lbor t.o f'ebrua1'Y snocoads.o tho . . 

~!th wgalrd ~~ huoidit:v (rAg .. 3A)• ~n it. was high du!>ing_ 

su:mmoll'• ~~aga s.g{.') donnity e:~as obo:a:ll'Vsd te. b.a always l.o.w 1n both 
. . 

tm but·ta?Plias spoc!Ga~ flu·t, t!1ith tho ccming oi' los hU![)Jl.dtt.v P9U"ind 

durin{} t •. h3 winte-r.,..· tho ogg ~nSli ty wa$ ot'mGll'VE-ld t-o tm wry high in 

tJ·oth. 

Jn roletic-n tp t:a-opol:'eturo (f'iQo. sa·)., tt:la cve~agn egg dooolt 

of ttcth tho spnctos studied., baa:'S a ·d1!'ect relationship. Odrlng 

the tntt. saasun. fll'C~ f-1ay·August or th:a ve'Cr 1990 and 1981• the dsn­

sitv oP oggs 'of both- tha o;tec1®S ms \tQrY. 1om in enoparleon to thB 

cold s~amm., f':ro1a Octebar to January of' 1900 to 19.&1. 

Th~ awraoc- lo.J.V-al .dana1ey of both tho ap)cies studlad reuse 

al-s a dlrset rollat..l.o.nship olth tha phya:AGal f'e.cto~ llk:a l'a!-nfoll 
(<ftl• ' 

and hma1d1tv. Ouzlng the UJ!lt sw::msrs- ~lay·-ru.taust, ttm ·01ansity o.f 

la.ruaa ~ uo·l"y loa 111 eCQpa&-ison t,o tha dry winte!' f"rom Octobor • 

January of bt)th t.oo yaars.,. 1 9&0 and 1981 ... 

1 .3..6. ~9 n~lt or: acfult-s. t.n mJ .. catlcn ;t;O, nhvrtc;a\ rap.tm.'.!t• 
Tho visually ~'-1roatod number of' adults: of beth ths opoeies 

ah~ ~ dlrec:t ~lat.ionahip to physical foo~~ 1Uto rai-nV:all and 

humidity. nw Plumbe-e-. or sdults of' beth tha- spoeias tlvinD pa~ unit 

t~.-tiJas va17Y high in 'the nn.ln·ehs ov Saptembo1r to Oseam_bnr or the 

saG4Jillnw p~ur.~dg ~oo phtJoleaJ.. faetl)N llkQ ~oinVall and humiti!.tv 
/ 



fig. 3 Average l'Sinfall and ~umldlty (Al and. Tempetat-ure 

.(B) in di.fferent months of tha aampl·ing period. 
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mn!"a c:mrJPntrotluoly lam. But dWrin"0 ttro. eaonth9 · of ~Y to July of 

tho GQ:'JPUng period.,. tM ~r oi' edUlts flylng 1n ua~y l:CUJ, when 

high humidity end· 'rainf'al~l cofvd!~ifJ.ng pJrevaU i.n th9 f'iold. 

Hith rogard to tmapa.1."atuM, tha. hi.gllast ·number of' awlts fly. 

·inu was abn~rood dm?1ng thn mc:nttss of Sopt.s,r:ubofl' to ~tovSJilbo~ or tho 

sn~lint! vaan :t~~19&1o i" btlth ·trw s.pac~:., tmen coms:ul1l'ativolv 

. lome.~ torr~pnt",otu~ pgoauoiJLa ln tm f.lt!lld. ~Ue. du~ing tha h:ot :numnJOr 

luna tO J\ts~t of ~ho vear 1980 and 199t. the numb9i' or e.dul.ts nv­
lng was obaa'A"Vad to ~ WJ"Y lna Md somot.ir.loa· ec:."DD to e standstill 

in bOth tho opgc.ia9• 

t:at-1:1 i'egard to ovipositional snafal"aftca :a.n pla"ta or shsdad 

and open ai'~ in t.D\9 ?191(.\,· both tho ap$cins of buttogflJ.es,. oxhl• 

b1ted prefe~ t.~ Plants g~wi.ng lJt op.an than in ohQdn (f'1g.4). 

tn case of' o•ba~ the aduits of bath. species shOe.o s tond-­

ency t:o m~ipcait an pian.\~ ~S.ng ln ttw opon than ln the oha~ 

a~.. Th.o pa&-c;ntaga o? plants o.u!poo!to:d was . almavo high .tn t"ho 

opgn area in CGmpa1!'1son to the shedod omo. ~POC"1al.l y during t-he 

w1nt0r f.ilOnths. 

1'ha t2d!ul t9. oV b:oth spacios of· wt-tstflioo oxhJ.bit"ad ou.ipO!')l­

tional ~afbttr:mca t~.dS caull?lcf.f:S~ Plante gJrC.m1-ng in ths cpen 

than t;tCSe 1·~11 shade• 11'\e ~centago c:f plants ovlpcslt&d in casa of 

eaulit'lOWSJ" mas high ln th(J epgn ~as than ·tttoso in. sh:tul!ad oma, 

ospaclaUy ~!;ng tho ·cilnt~ montho. 



fig• 4 Percentage of cr~iraruus pl~nts o-vipo$1\~d in 

shade and open areas. 
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' 

orrslios studiodD i~ Pl,aJt~ ~~leap. (l.) end !• ·'nlmi~. ~te;Rst 
ttanit.y wage qual! Platt b,y ovlposi t.lon plants . .,. twoidi ty0 ... tampat?stwro 

and 11~t ccmt!t!ons0 . ell o.f tlh1eh soom to conelativoly ifilf.loonco 

th~ f)Opulatlnft stBuctUI'O of' t.;h¢) a:dUil ts,. lol'Ua!t and eggs. tn both thg 

spoctss ou!positlcn plant& wot'a rost~t.ctod to cwCife:naus vogateblos 

onl;0 . but f'or ·nttcta r9$Cu~s :adults t--an®mly c~ae all tho fJ.oo­

O'I'ing plants auoaUabla in end atound t:hah habitats. ln case o·f 

Plorto hrassicaa, . e1ts:m.n ov.lposit1oo plants ~ul Uvate.d aro cabbageo 

Bll'ao·sico oleracaa.s: vaf' c.aelt·at~a (L .• ); cau.li·Vloue~>• B1rassiea alasrecooo 

var ~trels· (~.); tJUS:tsl'd, B'uasslca CaP-f2at,i'.~.,a.~ _as..-aon Pua1f1J 

knol khol •. Broos!ea olaBacene uat.- gongyloc!aa (L.. •. ) and s.oootiosa l:'ed-

·d1$tt~ Ranha,~ oatiuus (&.. .• ) .• Elut Plo!'1s nap1 _.roo..,n_·tana .. ·..,.· .. lfa~ntt.v ts .found 
I-.; .r. · --.r • IN-· 

to oviposit oal-nl_y on ~bago and ~11fl.Ol$e OftlY• This mav bo duo 

to host plant spoclV!city oxhlbitod by aU PieNta op. Both th3 o:po­

ciss of butta?f'lias pll'9··f~rsd surmv condit~ons .• This ccsrrrobol'at.oo 

eDith tho otudr ~r Ohsaki\ (11979) with ~·- CelPaG (L .•. ). 

f!Jatk\, f.t..Ba~&S'W.f\ ~~o lay o.ggs in bet:chcs or cl~tt:nra 

which range ?.M.m J0-60 Gggs peno botch mhlla !• rw.Ri. cqc"'Mft U-on1ty 

lay tfwlf' og90 singly .• Thtm the ogg laying battaviour of' both tha 
' ' 

a.poetss d!?f'el",,:' -~ coo oncthai'• and this lead to the v.al'lat,ion of 

aoor'tago ogg dl!1ns1t·v ln bct.h :tJaag; o:»aeioo •. Th9 nurnbor oP oggs ~ld pat~ 

fto.lllale is theJ'Gf01rS ~to'lt in f!• ~a than in £.• oek .mqgt§f.!q 

uen!ty •. But tho d.ls\~itrution or. o-~ on a cinglo host plattt .iS. mture 

unif!Oe in case of f!• W!Qii egntanji Vanity than ln !!• ~~ssl&12•· 
bacauao eggs of !.• n,ae! mo~fi Uanity hmro boan found f'roqusntlv 

in a aingi.o hoot plant than ttacsa ot f:.• b~sicao. !• ~a!~ · epntaila 
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lfonlty 1s m~ sb'Q\0-gic in egg loving, ba:emasa ·thl) f'omoloa laY· 

thal~ a-ggg singly• on thQt tho host plant on mhich th9v a~o lold 

eUl p~vlda al.l ·tho noccesmay needs fol" reading; p~o·toetlcn fi'Om 

na~\nral oneoieg and on~e Dhal:tpi' to tho. de:vo.lopin; og;p ami leRa9• 

but ln ccaa of !!•· bl'assicoo th:Qro · !a elwaya c~ing wnlch lead9 to 

i:~uff'lcisnt ·Peed O.CUi'c.o -i>o.ll' tool~ le.tUel ataga;). •. easy pmying by 

natural ~ao an·d ·less· smltaJ- fc1r th8 eggs· ond daueloping le2van. 
·- . 

. Both fms spoo~oa. loy t.toif! ~gg9 oo ~- vsnt-1rQ1 sida of tho loo? cf' 

th-oil' ho9t plant a to t}luo mora p&>Ot4C:tion to tha. egg9 and ctJ\tolop1ng 

. ·vou~g o.nas. ·T~o ia al.wavs oooetvad An those spaclo$ ami it ia the 

f'nmalo Which 1s &"aspo:rwlblo fol' .such prtotacaluo bohe.vbnw in natu1'01 

eondltioon. 

Both the ~109 of· b.utteJt'fllea are e~ y i'ound dul'ing the 

w!ntag and gsnettally abtl'Gftt dU~l.ng tho s~r anpaciolly in the 
' . 

mcnttw ot Juno ,and lUJ.y,,, in tba studv ama. ThJ.e 1e twceusa of the 

~.we:OOflCO ond at.iaonce ·or th.sir host plant&~ C'I"Ueifonus uogetableo 

boing ·~ wlnletr cro.p ln · Shlllong aroa and :1 t-a subugbstt and tho 

cult1vat!on is. a1a:a ~on du_ring ttmn0 months• hence those butte~ 
. . . . 

fUas ·el:so syrchroniood t.hoilr set1v1tiea durint1J ·those months only. 

Theroforo,, \hal~ number cflnring tha wlnta1' eacoods tha-t or th.a summa» 

ohieh SU$Jpovtc the Ob9!lU:vation of Ctu:r..!l (c=) 19?9, 1919) in e!uiA 
sp. Hofte9 dwi-ng tho w1nt02 so.aaon. 4-6 gsnotl'atlons of' f• b..?ta~$1~ 
end 2-3 ·gan:eJ"atloos of' f!.. nap,!, mo-nt: ana tiGnlt y could be obsetuad in 

tho: ti</lld. 

Tho p,cpulation suwev or odU!ts basad on visual oatimatlon 

ahGOO that odU1 ta o-r 1!..~ I&.Jt&~.rwt !a gsna•ally leas than that o, . 

f.• 2a21. OOf!tAnJa Vanity., Thla OOV bo. attt-lbut-od to· the imatute deeth 

of' the l.owoa due to tM cold wlntal" season which is· evident that 

lei"Vaa of P. nap! ~ntana VGnitv aarc moire cold ~a~lst..ant than thOoo - . . 
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·a tim.9 than !!• ~ ~· ae ~hat tho st:1'ategv will COt"!lPPmato 

.. a lawol. dooth &n natu~ ·condit.J.on!),, thus th$ pepulatlon of 

odul \s 1a mGi'e 01- less stabi.Usad. 

~toot pl$'11t9 planted in tho opan field enos aN dero ooscap­

tibla ·\o ovlposlt£on by both the op:ac!.ras of' bi,Jtt-ori"liea~ tuJnco lsad 

·to scrte daoago by thQU lawooo: ~ila pl.oots plan'tad in tha s~d 

f.'letd.P ago las~ auscgpt!blo, to damaga by t~ lalr.Vas ot bOth tho 

apaetaa. Th~9 !a basr-.318Ss both tha opactos profor~ plants growing 

in tho open OM'QS OOJJOcielly When ~ho SfG$ ia SUAft}f du~J.ng tho mlntG1"•· 

~ny othot phys'!cal and biological facto20 do play a ~ole in 

tm. poptd.at~.n :dynemlc:o o:,, lnsact apac1aa. G!J.s-sa~tt and Jonas (19?7) 

atbibutatil .egg ond ~athar as t:OSPGMihlo :;f,"1aetoi'9 affecting Qvi.pcsi• 

tion in f.• · ..tflt!.~· Snasonal ,moRality and danaity &-ol0tad dlspp~scl . ' 

ai'G also tiikon t:nto aJt:COunt by othO.t' authous (tlnay nnd ftobb, t 9'70; 

Shap1BO•: '9?0.,, 1919; t4att at Jll.t,. 19'19; Ba~tein •. 1980) as fac·tora 

mguiatlng PtlPulaUon tl~~tuaUon ln bul~Plloo and ·thelm' la:val 

o't.a09s... · 

PaJ"as!tlzat1on by tmmct p~ooito!do (flradl.ait,!h and lutantsch, 

1900) a.\~o a?fout tha population dyn;;:m!cs cf'. PleJ•i~ buttetlioo. 

lla»iet:al ~ntluoraca. nl~Jroggn v.ar1at..lc.rl$ l.n ho~~t. variot!ee, 

al!llO .lo a ve-,y impo~ta.nt:· factcm cofltJributlruJ to~ard& fluctuatl·o.n~ 

in im~.ct· ~ulat:ion (Jtm:o~., 19G1a9b; ~yaws,. 19St). 

~lt.hoU1)lh ln'oraa·titm kasp on f'lot!Jing vJlth ~rogard t.o f'octowe 

inf'luoncin') i:tosct ~dlation s'ttructum.. tho~ al'o many ethel' mich 

al'9 ~t unoxplcro.d, -since ar• organism I'Sact.s dlfrersntl v ·to the 

onv1J>anmnnt lt: 19 oXpOS9d to, and this vaJriation lis obaarvad to vary 

oven arm.u1g d1tferottt !nd!v J:duals of tM sams spm:ias and ~em -opecios 

to QJJocloo~ 



CHAPTER II 



Life Cycla studies en Plf!t,t-is &a~sicrw (1...) and Pial'ia nael 

mgntan'i Vanity • and Consumption, Growth and ecological conversion 

affic·i.ancies. of the larvae of _e. brassicaf' (l.) in relation to 

their host plan~ •. 



2.1~ INTRODUCTION 

A great deal ls known concerning the qualitative nutri­

tional requirements or insects. Tne quantitative aspect of 

insect nutrition, however, have received little attention, and 

there have bean Pew studias on the ratas of intake and the 

af'l"iciancy of food utilization. In particular. relatively little 

is known about the consumption• digestibility and efl'Piciency of 

conversion or daf'ined diets. Quantitative works with artificial 

diats has usually received more attention, especially t!Jhan lt 

concerns cortain nutrients. T~is defines the relationship betwaen 

the requirement!; for P;Jrtic·ular nutrients (Sang; 1956, 1959), but 

contrlbutas nothin:g ··totf.J.at-da· food intake• absolute roqulremant or 

the efficiency of ro.od· utilization. 

Insects as a group feed upon a remarkably diverse lia~ of 

organic substances. At the same time most species show a high 

deQJ"S.S of' spaci Picity in their ehot.ca of food. This may ba due 

to natural selection and competition,. utd.ch drives certain 

species to a more spacialis~d food supply that they can usa and 

utilize mora efficiently than 1 ts competitors (Gordon,· 1959) .­

N-evertheless,. the qualitative nutritio:nal requirement o' ~ro.ming 

im~acts seems to bs relatively uniform (f"raenkelf 1953; House• · 

1962). 

Noasuros of consumption and utilization have piayed 

little part in the classical studies or insect nutrition,, 

although their usafulnass in this aspect is obvious •. f"or example, 

instarn:ss of po:or growth may not b$ due to tha lack of nutrients 

i·rl the food, but may ba dua to a low rate of consumption.· t-1eas• 

u.ras of consumption and utilization can give an indication to 
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this~, since tho pattern of ['-utilization may be d1ffennt although 

the foods are similar in their ability to support gt"owth. 

One of the major concerns of' modern ecology is the eluci• 
" 

dation of th·o biotic relationships within and betlUSen communi• 

ties. A knoUJledga of the food efflcienciea and enargatica ot 

insects is ·thus of particular importance to ecology9 since ln 

terms of e1 thar bi·omass or number, ins.acts are a major comp~n.ent 

or almost all tarrastrial co.mmun1tias (£ngalm.ann, 1966). 

It seams apparent that adapti,g nutritional difParences 

mU9t be sought on a quantitative level and that a maaningf'ul 

comparative ntJtr1't1on of' insects w111Q not emarge until quanti­

tativa studies are ar.Jphasiz.ed. 

,'\n understanding of" !nsoct ecology has basn har.tpered by 

an inadequate knowledge of" nutritional physiology. The ai'focts 

of food 110ality upon physiology and behaviour and at the popu­

lation and ecosystem levels are too often neglected. ~.Jut.rit.iorml 

ecology is central to proper int.a·rp.ratat.ions of' 11 fe history• 

feeding behaviour, h~i tat ~election, defence.,. growth and repro• 

duction• both in ecological and svolutionary time. Careful ·con­

sideration or the prasent and futura inf'ormation on this topl.c 

can le·ad to bat.tep predictiva' capabili.ties in both evolutionary · 

theory and pest managgment. 

Since Waldbauar's axcallent r:evieuJ ol" 1968• many resear­

chers have begun t.o uae the cquantitat.1ve nutritional .approach 

1n understanding the 1nsect·s nutr1 tlonal phy·slology and ecology. 

Several works haue baen reported by val'ious workers on this 

aspect . .- especielly on insect~,.. belonging to Lepidoptera •. 

Chockallngam ( 1979) reported ~;n tna food c:ormumpt.io.n and utiliza• 
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tion in Pericelltra. ricin!; Krishnan and Chockallngam (1981) 

roportod on the influence of food quality on the food utiliza­

tion and growth in Pericallia ricini. Both the studies indicate 

that tha different food plants influence the consumption, 

digestion and growth of Perieallia rieir11. 

Similar reaul ts are reported by several workers for 

lepidopteran insects (i1ukarJi and Guppy, 1970; Perumal ~a&, 

1972; r-tathavan and Baskaran, 1975; OhaAdapani and Balaaubramian. 

1980). 

Slansky and f'aeny (1977) in their work with Piaris r~pae 

(L.) reported that the growth of the larvae of this butterfly 

is limited by tho avaUability of nitrogen in their fond plants 

and that tho larvae consumed tha laavas with low nitrogen, faster 

and utilized them mora efficiently .. Several authors have also 

retportad on the influence or nutrio·nts in tha leaves of .food 

p].ant.s, on the life cycle,. growth and utilization efficienc!les 

of' lepidopteran larvae ( Walbauar• 1964; Soo Hoo and fraankel,, 

1966a,b; Mathur, 1966; and f"eeny,. 1970). 

With regard to P);e.tJ.s. bJ:ass1,.sg (L.) a common past of' 

cruclfora relatively very ~ew works have been earrlad out 

e::specially in relation to the effects of host plants on its lire 

history.,. grOUJth and other conttarsion efficiencie.s. Recently,. 

many reports have colll!B from varloua fialda related to Piesl.a. 

2£Bf!i,c,ae l.. and most of these works canc:ern growth, consu!IJPt.ion• 

assimilation, utilization" development and other varied aspect.& 

of physiology and nutrition• Various workers reported on the 

process of melanization* diapause and factors governing thaaa · 

tm3tebolic funt:.tions {Buackmann. 1971; teltmall and Valadnn. 
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19?4; Kayser., 1974. 1979; Kayser a·nd Angerabach, 191.4; Turunen, 

1973; lluillaumo and Bargarard, 1978; Crozier, 1979; roul'che .&t 
d. 1979; t<lm and Lee-, 1979; Ressin, 1980; ami Smith. 1980) • 

Other authors hav-e also repor·ted on growth and factors 

govarnlng g-romth of' P.i"£15 ttgssica,o ••. Emtlronmental tactors like 

nuctuatlng tompe1'ature have been shown to 1 nfluence groulth of 

P,iax;is QtfS!ai.sae (Naumann and Heimbach, 1975). F'urth9rmore. 

other wrkars J:'Bportad on other_ aa~oets of larval establiohment, 

rearing of lal'vaa on artificial diets aupplamantad by vitamins 

and 3ntibiotica, and other aspects of matabolism of'. certain phJ• 

siological stata.s· or the pupae ~nd larvae of Pieris bx:assicae, 

(Turunen. 1974; Hauchamp and Laront. 1975; Junnikkala. 1980 ;. 

Laakso and Junnikkala, 1980; Moreau&.!.!.. 1981). 

5pacific works on growth, consumption, assi19ilation, 

enorgoties· and othar physiological aspects of different stages 

of' Pia;,\,a bzas.~ic-A!l. {L.) in relation to its host plants and 

other biological factors like hormone influence, have also been 

repurtad especially by Srlhar1 and Gahukar (1 ~15),. Vats !4. a!,­

(1977) and Yadav:a •ft.l ~ {1979). 

i--Jith ragal:'d to Um af'fact Of host plant chemicals on the 

lifa. growth. cons.umpt.ion and utilization efficieneiss of tha 

larval stages of e.J.e&l4\ tuas,e!.£e (L.·.) not much work haa been 

dona:, especially the effect of host plant chemicals like nitrogen. 

free sugars and frna amino--acids:.,- on these life functions. 

Samersaw and Garavaya (1973) re:ported on the mechanism by which 

mineral fertilizers raffact tha lif'a cycle of Pterls bras;siruut 

larvas, where high concantratlon of' phosphorus and calcium and 

low nitrogen content inhibit larval davalopmant.· F"urthormore, the 
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reduction or nutritive quality of potato leaves fed .• dua to 

low protein and carbohydrates content addad more to the inhi• 

bition of larval development. Apart from this work, thare hao 

be.oo an (Jinadaquete knowladge on tha effuct of host plant 

chemicals on the various life functi.ons of Pieri~ b.tasaic,sq, 

although a •sects 

including --,..---,. ----·-- _ 

This invastigati.on utas taken up uslth a view to find out 

the .role playad by va~1oue hast plants 1n regulating tna life 

cycle duration of ~iuis, b£as,elcag, {L.) and also tha various 

ecological eft'lclaACies like consumption• growth, digaation and 

utilization of chemical compunants of various host plants on 

which the larvae feed together with the chemical analyses of 

those host plant.s seloctad by the Petading larval stages of the 

butterfly. Pints napi montana Vanity., also was saleet:ad as 

another representative species to study the comparative ef'Pect.s 

of hnst plants, accepted by e_. b,tass,icaa,. on ita life cycle only. 
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2.2. MATERIALS AND tJ!ETHODS 

2.2.1. Lifo cycle studies. 

Freshly laid oggs of Piaris braasieae (l.) (Plate 3-C) and 

Pieris naf!~ 1JlOntana Vanity., ware collected from tha field with 

part or the host plant on Ulhich they are oviposi tad. These eggs 

watra kept in rearing white coloured glass bottles ( 9.00 em dia­

meter X 18.00 em high)• lined with ~at filter paper to maintain 

humid atmosphere. Tha raaring units were covarod lllith nylon mash 

to allow air to enter inside and kept under laboratory conditions. 

Tima. in days, tat<an by the aggs to hatch is recorded •. 

Group-g ol' newly ha·tchad larvaa or both species W9re separa­

tad from their original hos·t plants· by maans of a sof't hair brush, 

and transferred to the food plants cabbage {Brassieae olaraceaa 

var cap,itatal L.); cauliflower (~. olaracsae var bptrytis, L.); 

knol khol {!• oleraceaa var go£1gylodas L.) and mustard (2_.cameestr1s 

var sarson Prain.) • on u.lhich thay will be reared till pupation and 

were kept in the same type of" r-earing units as above •. fresh leaves 

of apscific host plants (Plate J-A,B) we~e given eacJ5:1 day to 

these larvae. Their fecal matter and f"ood remains from the rearing 

unit were clean daily. larval duration, in days, of' both species 

on their speci f'ic host plants wet-a noted till the p'Upati ng period; · 

and the t.ima from pupation (Plate 2•8) till adult .emergence maa 

also recorded. 

All these raaringa were conducted under laboratory condi~ 

tiona and a ph.otopa.riod of 14 : 10 hourslJ light and dark period 

respectively. F"ield observations ware also made. 



2.2.2. Studies on Consu 
enc es. 

5l 
nd Other E:calo cal aft1ci-

Pieri.s t}rassls,ae. (L.) larvae only were selected for gro~h 

and ecological aff'iciancy exparirnenta and different larval stages 

(Plate 2•1\) wara used for this purpose. 

F'resh laboratory hatched larvae of f.i!l!is br!MiCft~ and 

larvae colloctad from the field (Plate ,.o_,t:1 r. G,H) ware separated 

to determine their stag.e using headwldth measurements. Larvae 

having the s·ama h.eadwidths are classed as belonging to the same 

age groups. 

A group aP active and hsalthy• larvao belonging to the sama 

age as dete·rminad, ware starvad ror ona daY (24 hrs.) under labo­

ratory conditions, and a ro.quirad number of larvae f'rom this group 

ware killed by exposing to chloroform vapour and than dried in an 

ovon (ao.ascac) to get the initial dry waight or the group. With 

the other set or larvae, tho axparimsnt on growth and other effi• 

ciancias mas carried out. A required number of larvae belonging to 

the same age~ were taken from the starved sample and transf~red 

to petridisihas (1 .• 9 em high X 14.00 em diameter), where humidity 

is maintained by wat filter paper lining. 

rrash host plants leaves ware given to these larvae sapal'a­

tely. Before feeding many discs {5.00-5 •. 5 em diametar) usre out 

from the spscific bost plant (Plate 2•£) and som& control discs 

ware dl'ied in an oven, as done to the larvae. to get the initial 

dry UISight of food offarred. To eliminate the ar!'or in dry weight 

of the food offerred-, discs were cut off fi'Om bottl the halves of 

the folded leaves taking their midribs as the middle line. Ono 

disc is dried for initial weight and the other is fed t.o the larvae. 



Explanation of PlAT£ NO• 2. 

A - Oifferent larval sta.ge of Pi.eris b£asetcsw. (l•l 

B "" Pupal of .f• braasicaa (~.) , 

C .. Undamage leaf o-f a host.plant 

D - Damaged laaf. 

£ - Discs cut out from leaves of host-plants for feeding. 

f - Actively feeding last stags larva 9f £ • brass&caa (L. •. ) 

in natural condition. 



3 
j_ em 4 5 

J...cm 
A 3 

c 

I' I (, ; I I 



Explanation of PLATE NO. 3• 

A- Heathy but damaged host plant(Bgasica Ble!acga \lar 

gongyludas t.) 

B - Healthy, undamage host plant (Brassica Olel'aCi,~ \lar 

botrytis l•} 

.C • Eggs of .f• J!L~ss;et.caa (L.) on the ventral side of ths 

leaf 

0 - rirst stage larvae of .f• bE'assica,g (L.) 

£ - Second stage larvae of .f• brassieae (L.) 

r • Tpird stage larvae of .f• brassicas (L.} 

G - Fourth stage larvae of .f• brassicag (L .•. ) 

H. - Last stage larva of .f.·• bzBaseit:~! (L.) 





After a fixed tirns period of faoding (24 hrs • ), larvae ware 

separated from their food and soma of them ware killed by chloro­

form and dri9d in tho ovan !;o gat the final c.raight-. Amount of food 

left and excrata ware also separated and dried aa above, to gat 

the dry u:eight of ejesta and final food left. 

In case of e>eparimants involving wet weights, the larvae 
(), 

andL;ifood offarrod ware weighed before the experiment to gat the 

initial observations and after a fixed feeding period, the larvae, 

tho amount of food lert and the excreta wore weighed saparataly to 
' 

gat the final observation. The larvas in this case were not. killed, 

but anaeathesizad by chloroform. 

These experiments ware repeated and conducted on all stages 

of f• b.tA~~!&a~ {L.) using different food plants. Weighing was 

carried out on a monopan electric balance (K-Roy K-16) Por dry 

weight experiments and in an ordinary double plan balance (K-Roy 

Pvt.) for wet weight experiments. Photoperiod• temperature and 

humidity in the laboratory ware all recorded. 

Indicas of growth and consur.rption for each larval stage, and 

other ·ecological eff'iciencias of convertiion were calculated as 

follows following the method of> \-Jaldbauar (1968). 

Relative consumption rate (RCR) 

r . 
RCR = TA where r a f"resh or dry weight of food a.aten (mg) 

T = duration of feeding period (days) 

A • mean fresh. or dry weight of larva during 
feeding· pariod (eng)· 

Relative growth rate (RGR) 
G 

RGR = T'A where G = fresh or dry waight of larvae during 
faad~ng. period (mg) 

T 2-dUration of" feeding period (days) 

A = maan fresh or dry weight of larvae during 
feeding period (mg) 
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Eft"1e1ancy of conva:rsion of ingssted food to body substance (ECI) 

£Ct is calculat~d as : tCI = Weight gained (mg) x 100 
weight of rood ingested (mg) 

Coefficient or approximate digestibility (CAO) 

CAD is calculated as : 

CAD = We.J:.ght o fa food ingested • (mg) -Weight, of fo:tacas (mq), X1 00 
Weight of food ingested (mg) 

(fficiancy with (!Jhich digested food is converted to body substance 

£CD is calculated as :-

£CO • · Hoigryt Qa,inad {mq) , • X 100 
Weight of food ingested (mg)• ~-Jaight of f'ascas (mg) 

2.2.3 .. Af!alrses o,f chemic,a,l, compo,nents of va:rl,ous hos~ ,Pl,ant~. 

Samples of leaves of various host plants were freshly coll• 

acted from tha field and brought to the laboratory in plastic bags. 

guantit,ativa analysis of total organic nitroQOn • Laavas of a host 

plant and different larval stages of f• btassisa~ ware dried in 

the oven at ao-85°C for 1 day and powdered. Total organic nitrogen 

wa3 estimated by Micro-K jeldahl procedures following t.he mathod of 

Humph:ti.ea (1956) trom triplicate samples. 

Analx.ses o,f ~t:,es euca~ and free !Y!i,no aci~ • Required amount of 

fresh growing leaves Prom the same host plants and larv,al stages of 

f.• bJha.ssie,aa,. usre crushed with 85% ethanol, using a pestle and 

mortar• then cantrifuged at 1000•1200 rpm. for 4•5 mlns. The super-· 

natant is used for qualitative and quantitative analysis of total 

free sugar and total free amino acid ~ntent 

Total free sugar was estimated quantl,t~tively following the 

method of Roberts (1979) using glucose as the standar-d. Total f'rea 

amino acid, was estimated quantitatively by the method of Spies 
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{1957) 0 using leucine as the standard. Proline tydroxyprollne 

ware not taken into account. Bockman Spnctrophotoa:~etar (Model J26) 

UJaS used for both analyses. 

ror qualitative estimetion or free sugars and frea amino 

acids, ascending and horizontal paper-chromatographic procedures 

aro used following the methodS of Girl and Rao (1952) ror amino 

acids and Girl and ~Jigam (1954) f'or sugars. ~-Jhatman's No.1 chroma-. 

tograph1c paper waa used for bath aflSlyais. Rafarenca amino acids 

and sugars used, were obtain from BDH Suppliers. 

The3a aetimation ware done eit.he.r simultaneously with the 

feeding experlment.s or later if the extracted samples are kept in 

a re-frigeratol". 

Tho same procaduraa are also used for analyses of" excreta 

and feeding fifth larval stages of ~· napi montana ~nj.~. 
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2.3. RESULTS 

2.3.1.. lite cxclE!; -s~udlc:t!!,•· 

ll~ cycle studies of insects an.d the effects of hnst plants 

on' them are reported by .val'lO~S wo.rkers. But in the case of e1&&1s, 
' . ' .•' '. . 

brassieae (L.) and PJ.eris 11ae-\ montana \f·anity both belonging to 
.. 

Pieridae• veJl'y few reports are there with regard to such studies •. 
. . . . ' 

iiukh~rjt (1961) found. that Pieri$ brassicae (l.) cornplet'e _its life 
' ' 

cycle in fit'ty ~ays if raarod on cabbage. 

T.he present study, shows tli~t· Pierls bra'ssicae (l~) exhibit a 
•• ' ,' • • '. ' : ' • ' • • "J 

variation. in· its liPs cycle if reared on different host .plants .• The 

duration .of la~val' and pupal stage~ dlf,fer9:· from one hos't plant 'to 

another~ -~1 th.ough the· incub~tlo~ period· remain3 more or less same on 

alf accepted host. plantA as shown· in TablG-2. The incubation period 

of· Pier is· brassicae is general!~ four ~days· whether· in the rield of 
' . 

' ' 

laboratory conditions 'on' all' host plants •. ' 

·,The. !arcual duration is shortaet mhan reared on cauliflower 
' • ' 'l . . 

(12.154!. 2.66), follotlll3d by knol khol (12.3 .t. 1.487) and reddish 

(13.62~!. 2.69l'Q\. It is longer on mustard (14-•1 !. 1 •. 9~1) and· 

longest on cabbage' (;6.2 to:. 2.44). 0· 

. Tha pupal duration is sh~r~est on knol khol. (t6~8 !, 5.636) 

followe~j,by mustard (18.? !_,).976)C·ZJ· The duration is.longer in 

oase oi' cauliflowsr (21 ~23'1. ±. .5.833) followed by radd~sh (22.5· £ '.5) 

but longest in cabbage (26 •. 6 t. 14.242} '3· .. 

If: the. total durat!o~ is taken in'to cons~deration~ Pier! a 

brassicae-complete it$ life cycle, very fast ot:t knol khol (33.3' .t 
·• ' . ' 7 ' ' . ' 

4. ?55) from the agg stage till adult emergence, followed \'Y mustard. 

(36.8 g 4.0~9} and· caul~flower (37 .462 ~ 6.629) ~.:::;2.:ec The. total 

duration is. longar whsn roared on raddish (40.!j !. 2.121) and longest 



T ABL,E; • ,2. .• 

L!f'() cycle dul'atf.o" of ~!ftda. b.£Qi!&QU (L.) f.Jrom ths egg stags tlll adult smergonoe on 
dlfre~ent host plants. 

Host 
Plant 

A 

8 

c 
D 

£ 

EGG • 1st STAGE 
(f"l + SO) -

lat o Vth STAG£ 
(M !. SD) 

PUPA • ADULt 

(M .t. $0) 

4-.0 £ o.J92 12.154 .t. 2.46 21.231 .t. 5.833 

4.1 t. o.J 164.2 · ~ 2o44 26.6 ~ 14.242 

4t2 ;t Oo4 12.J ~ 1.487 16.8 t. s .. 6J6 

4o0 t. o.o 14.1 t. '.921 18.'7 t.. 3.976 

4o!S?S g 0.494 13.62$ .. 2.69 22.5 3. 1.5 

A = Ceullttlowel'- (Bl'aaeica olsreceg var. botl'j!tle L.) 
L 1 . I I • 

B = ~abbaga (Bzoasa.tca ole~gca~ varo cqeltata L 0 ) 

C ~ Knol khol (Brasslca o1e~ace2 VSI'o QOnqvlc:t,da~ Lo) 

D = Muetal'd (Brasslca g,am.ees.\t-i,a. var. aataon Ptain) 
£ = Raddish (~aphanu~ eatlvus L.) 

TOTAL DURATION 
{M + SD) - . 

. J7 .462 j:. 6.629 

46.9 ;t 15.952 

''·'' + 4.,?$5 -
36.8 .t. 4.069 

40.5 .:t 2•121 

Number of days are •eproaanted as mean and standard deviation (~~SO). 

No •. or 
OBS£R.i. 
VAt ION 

,, 
10 

10 

10 

8 

Ul 
Cof:) 
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on cabboga (46 .• 9 !t 15.SS2l c 

. . . The life cyclo du~at.ion ft-rim the ogg s, .. gg. tlli adult omsa­

gsnco of' e&sla ngi mo!]tqga Von~tY• does not show much var1at.f.on 

as l"avealod by Pierls brasniCf!! (L.~). ~e incubation pes-iod of 

P.S.s.-is .,.n..,ae.l ..... ~t.~ng .Vanity.p ls more o~ lea$ es 1n f.tt brassicae i.e. 

tot.tr days 1 t .teared in labpJ'Sto~ or ln field eondition$ on all 
' 

host plants. 

Tho larval duration ia also us.ry ·-stable on all host plants 

raated ·t·.e.;, cabbage, cauliflou;ar and mustard as shown in Tablf.aO!t'• 

. . 

The total life QVCle tfuratlon if. ~ken into acc~unt, Piarle 

t!£P!l 90nien1 Vanity, spent tha .shortest. on c·ebbega end muata~ with 

lJ.B) i 4 .• 88 and 34.0 ~ 1 •. 42 doys i'espact.lvely,. but it is longer on 

c~uliflottl!)~ iuttb 36.1·67 .t s.,99 · dava~ But· war all · ·thti tot a~ life 
' .. 

c~l~e duration is mo:re O'l' leas stable on all hoa.t plants tested. 

2~).2. £.a'1s,um~t.lon and 9£,0tBt~ .o~. Pi.er.is .b.F,.as.slcae lL .• ;l .011. various 
... ~Ianta.. . 

.t'~om ®X wei9!!t e,xeatr1ffi9!!ts:J :• Tha·lai'Val stages or Pieris 

brassibao (l • .) axhiblt a sal'ieS of va~1otion J.n their rolativo cono 

sumption rates with regard to dlfferont nccepted food plant$. Even 

in tho satlQ food plant, there ie a difforonce in food intake by 

dif'f'arent atagaa of the faadl·i19 larvae. Summarized here are the 
'· < • 

dif'·feron·~ :rates of cons~tion (RCR), gJrOwth (RGR) and otholr aeolo-
. . 

gical efl'1c1eney of cooveroion oP ingested food to body subs\anca 
' . 

(tCJ ). tha CC."!''ff~;.cient of' approiCimata d1go·stibil1ty ·(GAD) and tho 

ef'ficlsncy with which. digested fcod is· converted to body substa:oof.) 

. (£CD).~ which are all repJresentad as mean values. 

Otff>orant larval stagsa of f.• aqpalgQ!.. (L •. ) mchibi t di ff• 

eront co·nsumpt.ion rotan euen 1 V t.ha laJNae Veed on the same host 



T8Bb£ • ~ 

t.tfe cycle duration of f...\tl&!.Ei !!fmA mgnlsMl£1 Vanity Prom th@ egg atag3 till adult ams:-gence 
oil di 6>fsront host planta at 1Bo2!l°C Temperature and ?Oo?S% Humidity o. 

HOST 
PLANT 

A 

a 
c 

£GG • let STAG£ . I at o Vth S1' AG£ PUPA o ADULT STAGC 
(r-'1 ,: SO) (A ~ SO) (r~1 .t.. so~ 

4e67 ~ Oo471 12.5 .t. 1·61 19.0 t. s.e::s 
4 •. ,, 3:.. 0~411 ,,.,, !. 1.401 16e167 t., 3o625 

4.0 .t.. o.o 1 ,.oo !. o. ?07 17.0 .:t ·1.SB. 

A c Cauliflower (Brf)a,eJ.ca olqracea uaro. botrvt,lp L.) 
8 = «nnl khol (B~tasstca ~lsrgce£:1 var. i\D?Qylodea L.) 
C = f-1uataJtd (8_!'

2
as,sicg. camReat&'l~ var. 2.§.lta,on P,raln~) 

Numbor of days are rcpraaqntod as mean and standard 
· dsvlati.on \f.IJ t, SO). 

TOTAL OURATIOt~ 
(M t, SD) 

36.167 ~ 3.39B 

33.8' . :F;. 4.89 

:14.0 ~ 1.42 

j :~-•• 

rJo~ or 
OSS£R\I• 

ATttm 
-=-

6 

6 

4 

C) 

~ 
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plarri;. Whsn Vedj on cabbage. (B!lasslca oleracaao VHI' sapita,~l\ L{j), 

the highl)at c~aump~lon rate ts oxhibltad bV tho fifth staga larvae 

(2.28 .t 1.()5) followed by ttt:e oocond atags larvas (1.8209 ~ o.1439) 

and tho th1_rd atago ·larvae (1 .3--$? ~ o.o?S)., but ·the loast is exhi• 

blted by tha fourth stago larvae (t.028G ~ 0.645). In n.lspor~Se to 

eha 1.'a1atAve consumption gates.. the fourth stag~ 'lerttae of Pie~ls 

brasslcaa a:miblte..i the hi ;beat rolatiua growth (o. ?58 !. o.494)e 

follot~d by tha flf'ttb (0 •. 5282 t. o •. J41S) end third stages (0~462$ !_ 

o .• 0047) which .haua lOUJOr. relative growth ~ate values •. But: in tho 
... 

ascend stagp larvae_., laast g!'owth rate (0.292 !. O.(l338) is obosi'Ved 

although the consump.t~or, rate is .high (T'able-4.1). 

t'Jh~n· the l~rv ~a of1 f.o · twlataisng at"a f.od Uti th caul! i'lomr 

(awassicoo olt.J:aceaa vnr botrvti~ L.), tho highest consU1n1'tion s.-ate 

· ·is ~boo~a-.J in second stags .larvae . (t,.626 !. 6.641 ), tha rate decroa­

sas i.n tttS thit:d ·stage (0.8151 !. 0.6351) Dnd the fourth stage larvao 

(1 .368. t, {}~9043).,. but thsro is a slight :1ncraaao in the last stago 

la~ae ~i.o~ fifth !lta~ga (2.076 ~ 1.7B). 

In l'GSPQOOiil to ths rolatlva consumption rates. the second 

atago larvae of" f.• ~twas.a..&s.aa· oxhibitad the highest rolativa growth 

~at.e .(0.6?4:> ~ Oo11S):1 the. ~>ate d?croases in tho· third stuga laruaa 

(0.2985 * o •.. 1l49} and dac.eases Purthat: ln tha fourth stags larvae 

(0.1833 ~ o.o972}. In tha fi.fth atagg lowaa, the ::a is an .inc~aase 

in tha ~omth ·Rate (Oo$26 £ ~.0604) ~1ch ia more ot less equivalent 

to the second stag~ larvae aa shown in ~able-4e:z&l 

\~n ¥ed on musaai'd (Srassica cernpeatt-ls uaw Garson Pt>aln), 
~ ' 1-

tho second etaga latuae or f.· tt~.l.~ shotUS high relative ca:naump. 

~J.o,n -rate {4.87 !t,. :9.689)• the rata incf!oasas f'urthar ln th3 thtrd 

· stage la..,ae (6-:021 t. 1.'2~5)-•. Rslativa conaum~,.tlon rate dac~aaeae in 
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.. 

:Relative eonsumptlon and g"wth l".atea of different larval stages 
or Pieris brasalcaa (L.) on cabbage - Brassic:a olsracea var. 
cap1teta · (L.) at 1B•24°C and 7Qo?$% tampaa-ature and humidity a-es­
poctlvely .• 

· F'OOO PLANT LARVAL RELATifJE CDI'-3SUFIPTIO.i\1 RELATIVE GROWTH RATE 
STAGES RATE (RCR) (flGR) (mg/mg/day/dry 

. (mrJ/mg/day/®y maight) · weight) 

Cabbage II 1.8209 + o.14J9 o-.292 :. 0.319 (3) -
~aiaa Ill 1.35~.9 !. .O.JJD75 a .4625 t. o.oo47 (3) 
9\11.~ uar. 

1.o2aa j:, o.645 (4) 
Sl9&~ L. 

IU o.?58 !. 0.494 

u 2•2BJ ~ 1 •. 652 0.5282 ~ 0.,415(6) 

~ 

Figure in parenthesis ~eprasantsd number or observations. 
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Relative consumption and gromth rates Q'f the different. lar'\ial eta­
gas· of Pia~is braaalcae (a,..:) on cauliflower -Brassica O'leracea v·ar. 
botrvt1.s . (L.) at 1 5-240C t.amparatura and 70-72% humidity. 

F,'OO D Pl. A.NT 
LARVAL RElAT.l\1£ CONSUMPTION RtLATl\1£ CRObJTH R4T£ 

. !lATE (RCR) . (RGR) (mg/mg/day/dry 
STAGtS (mg/mg/day/dry wt.) weight) 

Cattl1t'l0w91" II 13.626 ~ 6.641 0.674 !. 0.11$ (S) 
Q&,.~ssiSA, ' lll o.B15J :. o.6357 0.2985 t. Oe1S49 ,(6) 
olaracaa var. 

bot~X,tis L. tv 1.368 ~ 0.9043 0.1833 + 0.0972 (4) -::1 1 a 

u 2.0?6 ,t. 1.?82 0.526 ~ 0.06544 (5) 

figure ln parenthesis represented number of Obsai'\Jatlons. 
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tha f'cwth stana la~uae (1·.oo ~ O·o.764)~ but them is a little 

.lnc~aS0-9 in tho i'ivth stage (2.641 ;t 1.105) •. In respOnse tc tha 

ua~ioua rolat1ue consumption ttates. tha larvae shows .high rolatlue 

~ot!Jth rato in the second statjs (0 .. 791 !. 0~168) and the ll!'ats inctG­

ases in tho thii'd stages (1 •. 54 *- o~41a). Relative ·growth ~ata is 

vali'y lcam ln tha rourth stage law-ae. (0 •. 185 .t. o.ooa) while the ~>ate 

fuJtther. inc~oaas !n .·ttue fifth stage la"oo (0.83? ·~ o.096) aa 

aho·mn· in T8b~4.3. · 

In th:..a case ~-f raddiSh (Rspha.nu~ SS~tiuus L~) the ccnoumptf.on 

rates of Piaris b,F.a~sleag_ (l.) larvae is high 1.n the second larval · 

stages (0.918 !. o •. o!Jti).,, but the rate is_ highest in the third st~·gna 

(1.J66 ~ o .• 'i4$) ... The eonstJT!IJ)tlon rate dscllned in tt\--a later .stages. 

ln tho .fQU)_~.th laru.ee stages (0.198 !. o.o4') and the fifth oteges 

(0.219. ~ 0.001 )• as shown i'n Tab1o-4.4o: 

ln ~aptsnse to tho variation in r~tes of consumption, the 

larvae of . .eJs..£.U:. . .b..W.,g.igp:.m, ,exhibit .a va:tiation in thci.t' growth 

rates. a~ different laruel stages when ~eared on reddish (B.• aU-lwe.). 

- Ttie siJcond larual· stages exhibit- high g!'owth rates (0.471. * 0.086) 1 

but: it is hi~F,lr 1·n tha· third larval stegas (0 •. 577 ~ 0.0'76). Tt\9 

growth r:ates f.tecl'ina l'n tho later stages as ahown by tho fourth 

stagss (0•0~1 ~ 0-.004) and. ere higher in tho fit'th stages (0.19? £. 

o~o·o9) as s~n in Table-4.-4. 

Hhen ~·sara~ on knol khol (Srossicae oloracaae var enatlodeo . - . ,. . 

L.), the larvao. of P., braaslcaa exhibited oory little variation in - ' . 

const.nnption re)tss as shown_ by ths second stage ('I 3o 1 2 .z 0•468) and' 

the ¥1fth staoo lo'!'Vao (12.4& .1:. Z.1)). ln l"9s.po.ns3 to the mo.-u Ol" 

less unifo.rm consum;::Ptf.on ·ratos the. larvae stages of P •. btassicae 
- . . -

also show uniform g~owth· rato$. ___ Tbe secrmd stages {0.156 ~ 0.'!029) 
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T AS.L.£ • 4~J 

~ 
Relat1ue consumption and .growth rata oP dif'fa:rent larval stages 
of Piaris bresslcaa (L.) on mustal'd • Braseicaa campr3atrl~ var • 
..Sars~~ Prain at t5-2PC Temperature and 69-70% Humidity. 

.f"OOOI PtArJT LARliAL RtLATIVt CONSUMPTION RELATlUf :GfftlWTH RATS: 
STAGtS . Rl\T£ (RCR) (RGR) (mg/mg/~/d"ty 

(mg/mg/day/®y.weight) weight) 

Mustard ll 4.87 ~ l.G&S 0.191 + 0.:169 - (') 
B ·. ~ 

(4) mru;t ... tNW. JII . 6 .. 021 .f. 1' ... 26$ 1.54 ~ 0 .. 418 
camastrts. 
var •.. Sarson 

, tu '1-.001 .t. o .• 764 0 ... 1857~ o.oos (3) 

Pratn u 2~641 ;!, 1 .• ,05 0.837 .t. 0.096 (3) 

f'lgur.e in parenthesis ~."eproao:nts number ot' observations-. 
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T~LE. --4•4' 
~ [ 

·Relative· consumption and growth rate or different laJ>11al stagsa . 
of' Pieri9 brasslcaa (L.) on Rac:tdlsh • R,aphanus setiuus'- (l.) and-.-
ltnol khol.;. Srassicas oleracea var .• EiflcO~_(L.} at 15-24 °C 
Tempa·rature and 1U•72% Humidity •. 

LARVAL R£LATit1E CONSUMPTION RELATltiE GROWTH RAT£ rooo ~ANT STAGES _RATE: (RCR) ' (RGR) (mg/mg/day/<Uy 
(mg/mg/day/~y tua1ght) waight) 

Raddlsb 
Rapha~ 
sativus ('L.) 

l(nol khol 

· !.•aleqca.a 
~ar. 

. SP"t:~Vlode&_ (L .• ) 

II 

III 

Ill 
\1 

II 

t1 

0.918 !. 0.056· 
. :1 •. 366- !. 0.145 

o •. 19& + o.o4J - . 

o.21a :t. o.oo1 

13 •. 12 .!'. 0.468 

12 . .-49 .t. 2.13 

o.,472 ~ o.oa6 (3) 
0;.577 ,t. O~tc0?6 (4) 

0.021 ~ n.oo4 (4) . 
o·.1a1 i. o.oo9 (4) 

0.156 • 0.029 (4} -
o.o6o ~ o.aos (5) 

f"iguzo .in pa~onthasi.s represents numbar of observations •. 
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end ~o -r'i.fth stagao (0.060 -.t. o.oos) doas not. shollJ. m~h var-iation 

in thetzr gnwth vsluss as shown in Table-4.4. 
' . ' 

2··-'··'· Consumnt~cn and ai'Owth ot' Pteri-9 b~asslcee (L.) of uaJr1ous 
. W7 rW7lfZ1 .:. - - I ~ .. I I I I I . J I .... J l 1- I . 9 I A 

~os~ ,ela'lt.e. 

f2>oa wa.~ •• ~M!lt .exem;.lmants,·: t:atan tha lawaa of !!!.vJA 

~gqs~i;R€Hl (L.) are raQ.ed on dif'farent· host plants thay oxhJbitad · 
. . 

differences ln 'their comumption and growth patterns.. · 

Sumrnarlzod ,below are·the diffa~ent consumption and growth 

~ ra~es of th6 larvas >:»f · Piaris brassicaa (l .• ) in rol.ation to different 

accep~d food pl~ts~ A.a in dry weight exp-e~!mants., the diffsrant 

la~va! st~gtm of ~·· bra$a1cao exhibited a series of ual'lation in 

· the r-ates of consumption and gromth • 

. Pi~;ls_ ~taSJ&~ la-Nae ·consume .the largest amnunt or cabbage 

l~~es (3.09 ~ 1 ~06) when .t~ey are 1~. t-he second larval stags-~ In 

th~ third st,agas~ th0 .consUmption ~~ta i.s lower (1 • .874 £ o.a37). 

The. con$~ption rate ls .again higher i.f1 the fou~th st.ege lairvae · 

(3.'701 ;r. 0~115). while tt-e· rata decreases in the. f'1ft.b larval stage 

{ 1•291 £ o.~20) as· ohaum in Tabla-5 .• 1. 

I.n respQnsq to. the tt arious tates of consumption. ·the ooeond 
. ' 

larval at:aga of Piaris brnssicae: ohom the highest g~rowth rata (a.6?2 
. . . 

~ o .• 36). The third larval stage shows a lousar growth rate (0.325 j:. 
. . 

0..084) .•. The growth rat_e again is ve.ry high in the fourth stage lal'-

ual (0-.526 ~- o.O,;j}, but it declines in the las~ larval atago i.a. 

f'if'th stage (0.398. !,,0.09J) as shown in Table-5 .• 1. 

~an fed on cauliflowar (~. 2.~aracaao \rar b.otrztl.p- ·L.) the 

second stage larvae snow ttl,s highest. rate of consumption (:$.14 :t. 

1,.69). Ths tate is lowar in ·the third s.tago (2.67 ~ 1 ~.41) and the 

routth atago .la.ruae (2.507 ~ 1 ~35'S) but loruast in tha last stags 

(tifth) laruao (1 •:389 ~ o •. 966) as $b0wn in Tabls-5.2 •. 
··~-ol. .... 
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ln raaponse to tho ditfare.nt consumption ~etea, f!iui~ 

~Jt.~lc.~ larvae at'Ull!J a series or uarla'tlon. in their gt'owth rates 

when l'aa~rad on cauliflower. The l)acond stage laruas exhibit a 

g~owth l'at.e of 0·412 :1. 0.1 ss,. but the rats is higher in the third 

stago larvae (0.606 !... 0.5)7) while it dGcraasas af)aln in the 

fourth staga (09595 !. 0.4)7) and lourest 1n tho fifth stage (0.346 

~ 0.126} aa shown in Tabla.5o2• 

· When fed on mustard (!f camees.t::ril~ var s~n·son PJ:2\in) and 

raddish ·(R. satiuus L.). tho fifth atage lai'Uaa shoms more Ol" lass -
th3 same consumption rates (0.63? !. o.SO?) and (o •. 634 ~ 0.40)) res• 

pect1vsly as shown in Table-5.). 

Tha growth ~tates of f.• bro,ssiR,qEt in the laot stagoa ware 

·moJ>a or l:eas the same when reared on rnuotal'd and radd1sh with growth 

rates of o.1a7 ~ 0 •. 02;1 and o.233 ·!. o.oe respectively (Tablo-5.3);. 
. ' 

t:han fad· on knol khol <!• olerscaae val! 92"tn•l.odas ·l.) tha 

second stages ·lal'Uae of P .•. brassicao. shows tho highest consumption . . ~ -

zoeta (8.546 %. 4o.S9). \ilhile in the thil"d stage larvae., tho rata is 

mw:h lower {J.069 !. Ool44) .• The consumption rata ia again h1gha~ 

in tha t'ourt~ stags larvae. ( s.099 .!.. 0 .• 14') an shown ln Tabla-9•'· 

·In ·ra$ponsa to ·too difPe~ent consumption &-ataa, !!• ~s·fil!c.e.e 

larvae ·exhlbltad a d1f'l'aranca in theil' gromth rate9. The saccnd 

atago ·ta~t~aa show a higher ·g~cwth· t:ata (0.4SO·t. 0.054), but ths · 

. rate ~~ highat in the thl~d stags lawaa (0 •. 483 !. o.O?,) and highs~t 

in tha fou%'th stage la"aa. (0.6$) s 0 .• 098) as in. Tabla-S.:J. 

rrom dr! waioht. exnoriments : Tho efficlonc:.r.,. of conve1roion 
II .. 111 al J~ J Ill · I 

1ngestod ficod to bodv substances (ECI) is an ov~~all measure of an 
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Relative consullJj)tion- and growth rates of different lawal stages 
of Piaris brass!caa (L.) on cabbage • Bras sica olerecaa· uar• 
cae.ltata (L.) at~ 18.:.23°C TerDparature and 70•75% Humidity. 

rooo PLA~JT l.ARV~ RtLATIU£ CO!\JSUMPTtora RELATIVE GROWTtt RATE 
. · RAT£ (RCR). (RGR) (mg/mg/day/~y 

STAGES (mg/mg/day/~y weight) . weight) .. 

Cabbage .:ti 3~89 + ,.as --. 0.672 !. 0 .,36 (4) 
B •. oler-~aa JII 1-;.974 + 0&;.837 0.325 £ 0.084 (S) -varo· capita- . -. . 

ta (L.) 111 . 3.710 ~ o •. 11;s 0.526 .t. 0.035 . (S) -
tl 1.299 ~ 0.20 0.398 t. 1).09' (4) 

.· ') 

rlgure in Parartthasis l'eprasents numb:e:t of obsezvatio~s. 
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Relative. consumptio·n and growth rates of diff'ol'Gnt larval ste<gas 
or P.1MJ.t\ b~~fl {L .•. ) on cauliflowa~ • ~ea Wgsga uer,. 
bO't~~1~ (l.:) at 1~2J°C Temperature and 10.1$% Humidity. _. 

moo PlAruT LARUJ\L n£t.AT1UE COro5Uf•1PTJON R£LATIU£ GRD!:JTH R/.\T£ 
STAG£5 AAT£ (RCR) (AGR) (mg/mg/day/tmt 

(og/mg/day/met waight) weight} 

Cau11flonrer II ,.14 ~ 1o69. 0.412 ~ 0.135 (4) 
B •. oletracea JII 2.67 !. 1'.41; o .6o6 • o.s37 (?) - ·-va~~ 

~otrztis (L.) IV 2.507 .t. 1.358 o.sas .. 0.437 (4) -
v 1.399 .t. 0.966 0~)46 !. 0.126 (4) 

-
rtgurs in paranthesis repr-esents number of observations. 
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Rotative consumption and gromth rates of' dlfferGnt l:ai'Ual stag~ 
of P1ar1s bra99lcae (L.) on mustard (Brassica ca:npeatrla var. 
sa:rson Pta1n). r.addis~ (naphanus aat1vus L.) ;and knnl kbol 
(Bress:l.ca oleracea ua.r .. gonul-odos '-·•) at tS.21°'C Tempe·rat~e and 
?Q..?$% Humidt..ty.. . \ 

IPftQf) PL Afllfr:l . t..ARUAt RttATl\1£ CONSUi1PTitlN 
"u 111

' ~ . ST A&tS RATE: (Rt:R) 
(mg/mg/da·y/fJJ9t weight) 

Musta4 
s .• campsatris . --cioooolil-----uer. sarson \1 0.631 + 0.50? 

'• ' --
(Pra!n) 

fltLATilt£ GROWTH RAT£ 
(RGRl (mg/wg/day/wat 

weight} 

0.187 .t; 0.023 (S) 

....................... ._. ........... ,_. ...... ~ ~ ...... -. ... -. ._. ...... ._. ............. , ~ ---·~ .--- ..... . - . ~ 

Raddish 
Raef!anus · 

I bi 

--------------------------------~-Knol khol II 9.546 ~ 4.59 0.450 £ O.OS4 ($) 
B. oleracea 

Ill 3 .069 £ 0.344 o .4a:s .& o .on (4) -
u.a~. 

gongvloda9 (l) tU s .• 099 & o.14J o .•. 6S3 £ o.o98 (4) 
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insoct' a ability to ut.ilise fo~r growth the food lUhich lt lngoata, 

axpronsod as .Pl!lircantage. fieri~ bl'asslcao (Lc.) larua~ Gxhibit a 

aaricta ot variation in this ef'f'Aci~utcy which diffat from one partl• 

cul-ar stage to another. ElCPOtimonta conducted on f.•· brasslcae 

larvas fed crith cabba·"'I (OPasstca o...,l.,e.-r .. a .... c-.e...,a.-e vatr capitata L .• ) ~oms ~ iii~ IQV- -

that ttm asc.ond stage larvae havo the le~t etriciency (13.102 ~ · 

0.037);, tha ef'f'icl~ncy ia hl.gtw~ ln tha third stags larvae (14a 228 

.t. 0·329). Tha efficiency is hlghe.at in the fourth st.ags larvas 

(~9;.o·s9··~ 4.673) •. but it decline in .tha f'ifth stags lal'\laa (36.303. 

:t. 22.821) as sm;,run in .Tabls-6 • .ti]. 

ThfJ ~Pficiency t!Jlt.h which d1 go.stod food lo convert ad to body 

substances· (£~) is sn;lthar measure of the insect •s ability to mat&-

. bolism ths ingss~od .focd substances for energy roquireii'Gnts., expres• 

sed a~ peJrcentage .. In ths casQ of Pisrrls brasslcaa (L •. ). thi~ 

efficiency is lomast in tha second s~age lal'tfaa (30 .• 43a !. 0.451) l~ 

roal'9d an cabbage. Ths efficiency 1s hlghar in the tt)ird s~age latr-

. tiae (44.10 ~ D··4'1G) but highest in the fourth stage larv.ao (S9.4S ~ 

'11.?7) 0 it agal.n daoroaaas in tha last 'stage larvae ·(44.229.!. 27.4) 

as· shotun in i ebla.O .• ltl • 

. Ths ·oo.af'fic!ent of approx~oata: digestibility {CAD) is a 

maaaure 10f tna lnsact&.abllity to digast tha rood substance and it 

also mn$Suran focal t!Ulltte:r excreted mning the ·dJ.gastion process. tt 

is also expressed as percentage. ln caso or f!!B,_U.~ b£a.ss,lcJW. {t...) 

larvae f'ed witil cabbage. this digestibility· ccet>ficiont is very low 

i.n tho seco11d stage larva~ (42.844 !. 0.·311) •· while lt is slightly 

higher in the thlrd st.-aga lantae (?.th14,5 t. 1.99}~ but dacr-easas a 
. . . 

lltUa in the foorth stagos lawae (60 •. Ql: !. 6.-28) o. Tho digestibility 

coef'f1c1o.nt ·is hl·ghost. !n th~ fifth stags lar:vaa (84.09 ~ 10 .• 793) sa 

shown !n T able-6.:t· •. 
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Dlgaetibillty and ccnuerDllon sf'f'icienciaa or dJ. ff'erant lai'Val 
stagea of Pieria · braaa!caa (l.) on cabbag~ .. B!'ssslcs oleracea Qj 

var. c:apitata (L.) maasuJrad on dry•waight basis et ·1B•24°C · 
Tempa!'aturo and 70•75% Humidity •. 

£rf"lCl£fJCV Dr CQ£\1... COErF'ICI£J1T o; £F'F'ICitNCV Of COl\Joo 
LARVAL VeRSION OF' l~lGEST£0 APPROXIMATE DIGs \JERStON Of" OIG£STED 

STAGES F'O.OO ·yo BODV SU8ca tSTlBI.LlTYo fOOD TO aDOV SUBST. 
STANCt A~JCE: 

ll 

Ill 44.10:55~ 0.4165 (J) 

IU 

\1 94.096 s. 10.783 44.229 £ 21 .4a6 (6Y -· 

figure in parenthesis ~epreaenta number of obael'\lati.ons. 

All cal~ulatad in percentage (%). t-1ean and Standard Deviati';o 
(r:-1 ~ St.) a2a given hera in all caae$o ' 
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The tC! ("officieney of' conversion 1ngaoted food) of f.&2£1..a, 

bJhpS@Sa,e. (L.) la~vas Pod on ,cau11Plo-.:JS~ (Eh:assica olorgce,ae, vol' 

botatt.s L ... ) is loweat in the second staga lar,.,.ae (11.55 1. 6.4,) 
. . . . 

but it lncl'Sasad in thg third $tags larvae (4S.g;21 !. 16.367), while 

in the fourth stag9 law·ae tha e?f'lclencv dncreasas (23. •. 697 ~ ,, •. 84?). 

The ECI 1nc1rQaaes in the· fif'th stage la~ae (40.686 !. 30.59?j as in 

Tabla-6.2. 

. The- tCQ cP J!1.rn.t:12, b,utassice.,9 (l.) larvoe fnd en cat1liflof.!l81" 

. is again lo~t !n t~ · sacoryd sta!)S larvae ( 14.66 j;. ? .96) and is 

ma,.imum ln the tttird $tags la"'aa (53.940 :!:. 21.252). Tha ef'ficioney 

again decreases J.n the, f'our1;h stage .larvae (3?.066 :t. 24.49) ant$ 

!nc~aasaa a little ln t.ha flfth stage larv.Qa (4~.477 ~ )2.453) as 

shQwn in Table-6•2•· 

. Th~ coefficient or app~mtlmate digaatibil1ty (CAU) of' Piaria 

!?_1!'ass!~9,o~ (Lo) larvae fad on cauliPloUJSr is high in tha casa of the 

saccnd stago ·la~vaa · (79 .• 39 .t. 2 •. 86), but higher in tho thi~d eltage 

la,vas (82.45 ~ 7.92). CA? is lows a~ in tha caso. of tha fourth . . . ' 

atage··larvao (?.).183.!, 18.031},. but it 1s maJdmum in tho· fifth 
. . . 

stage latN\~w (8$ •. ~57 t, 6.527) as shotl1n in Tabla-.6.2. 

The· £Cl or f!ie..rJ~ !!,rassJ..esm (L.) la1'Vaa fed on mu9ta1rd 

~ts .. r,_a.,.s...,s ... i .. c.-.ae,... eamtlesUls var narson Prain •. ) ia hln"" in the second - • - .......... !J'I' 

stagg larvae· (,3.?39 t. 26G~:Jri), but the afficianey is higher in ths 
' J • 

third .staga larvae (43.393 ±. 19.4,4). Yhs Ctl is rJaximum 1n tho 

f'ourth stage larvae (45.924!. 35.9) but. is mtnimuo in tho fifth 

stage lerua& (29 .. 97 t, 22.5) as shown in Tablo-6.3. 

The ~CD of' Pieris brassi,caa. (L.J fad on ·mustard in very high. 
' . . . 

in tha saeond stage lar\laa (53~ ?97 ~ 35 .• 1 ?) mhila it is very low in 

the third s~agG 1anaa (21 .• 66 .t. 1t.S22). The EtO is r..aximU:m in the 
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Oige~tibility and convel'sion efficiencies of different larval 
stages of Pigrie brassicae (l.) on couliflouall' ..,. Bgapiea olorgee§ 
var. botrgti,S\ (L •. )maa$\U:ed on dry ~!gh:t basis at 15-24°C Tempera­

tur~ end 70.72% Humidity. 

tARUAL 
STAGts 

11 

1!1 

ltl 

" 

£f'F'lCltNCV Of" COM"" COEF"F'ICI£NT OF' £fF'tCI£\JCV OF' CON-
lfE;R.SlDPl OF ING£SlliD APPROXlMATE \/£RSlO~J OF DIG£ST£D 

fOOD T.O BODV OlGEST18ILlTV moo ro aoov 
SUBSTit"'JCt SUBSTANC£ 

11.554 ~ 6.43$ 18.395 !. 2.865 14.662 .t. ? .• 962 (5) 

43 .• :921 <(I; 16.·867 - 82.454 !. 7~821 $3.94 t. 21.252 {6) 

23CJ.G99 £ 1J •. S67 73 .• 183 £ 18 •. 031 3?.066 + 24o485 ..... (4) 

40~~96 .~ 30 •. 59? 95.657 !. 6.52? 45.477 .t. 32.4SB . (5) 

All calculated in percentages (%) ~ f.liGan and Standard 
doviation (~~ .t. S£) are given hera in all casoso. Tha 
figyre 1n pa~enthesis represents numbei' of obasrvatlcns. 
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!A§LE • . 6.J. 

Digastibllity and conversion ef.flciencies of different larval ate-. 
gas. nf PJ.erls brass1caa (L •) on mustard • Br§!Sica cameestris V'Olr • 

earson (Prain) rnas.~mtad on dry weight basis at 1s-noc. Teq,erature 
and 69-?o% Humidity •· 

£F'flCIE~JCV or COI\t• 
LAmiA\. UtRStm~ OF Iv:.!GESTEO 
STAG£S tOOD TO GDOV 

SUBSTANCt 

ll 33.739 ~ 26.3 

Ill 43 .,93 ~ 18 •. 4~4 

IV 45.924 .t. 35.9 

\1 29.979 t. 22.5 

COEYF'ICI alT or ErfiCI£111CV Of" CON• 
APPRtlXttJU\T£ Ut.RSlC~~ or OlGtsT£0 

-DIGEST IBIL ITV F'ODO TO BflDV 
SUBSTANCE 

11.843 !. 23 .• 98 53."19? . .. ,5 .• 17. 
. - (3) 

~·'5! ~ 8-.072 21.664. ~. 11 .92~ {4) 

?S.SB ·~ ?.47 54.391 ~ . 40.J6 .~'(3) 

77~629 .~ 12 .. 87 35.049 £ 25.9 (3) 

All calculated in parcentagas (%); Mean and Standa~ 
daviat!o·ns (f<l ,:to S~) are gf.ven hera(:ln all casas. Tha 
figure in parenthesis ropreeanta number of observations. 



fourth stage loruae (S4.,9 1:. 4fl,.36) and deereasss in tha fifth 

stags laruao (,5 .• 04 !. 25.8) as shown in Tabla,..6~'· 
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Tho CAO of f..• braosicaa (l.) laruaa is uery high in tho sec• 
. . 

ond stage larvae (?1.94 t. 21.98) when fod on must·aa-6. The CAO S.s 

lome~d a little in the thilrd stage larvae (63.35 !. &.072} ubila 

it is maximum in ths four~h stags· larvaa (?B.aa ~ 7.47). The effl• 
. . 

ciencv 1':' the Vifth stage larva~ . doss· nQt differ much from the 

fo~:rth. s.tt])gg, it decreases .slightly 'rom !t (77 .629 ~ 1'2.81} as 

shOtiJn ln T abla-6. ;;. . . •' . . . ' 

Tho £CI. of the. larvae of P. brassic;ae (L.) .on Jl'addish . -
(~ae.ttan,f.!S. satiuua l.) is very high in the ~econd ~taga larva.o (45.S 

:. s.o1). but th~ efficiency de~l"easas in the .third stage 13rvae (36.74 

~ 1. 201) •. The tel ls wry low in the .f-ourth stage .la~Vaa (a~ 6~ j;. 

0.521) but it is ~xlmum in.tho fifth staga lar-Vae (a3.69 z. 2.06) 

as shown in t ablaa-6.4. . . 

T.tta ECO ,of tho larvae· of ~'• brasaicao uhan .fad on raddish is . . - .. .......,......,.;,;;;;,;;,......,. 

ve~y· low. in the seeond .stage larvoa .(19~1.7 ~ 2.2) .but the afficioncy 

.lnereasas ln tha third stags le•rvaa (4S.1S· :t. .1.46). Tha .£~0 again is 

VG~ low !n the fourth stage larvae .(18.17 .~ o.B3) and· it is mCJximum 

in the· fifth stage la~vao (91. 54 t,: 1 .48) as .shown 1n T.able-6.4. · 

CAO of' th~ larvae of t• !JL~icaa · (L.) U!han f"d ·on raddish 

leaves, is uary high in both tha· second stage {7.8 •. 276 .t. 2.708) and 

t.he third. st.aga la!'Va9 (83. 704 .:t. 4.16). The coefflei.ant of approxi• 

mats digest.ibil:ity decreased in tha· f'ourth stage larvae (S6.S21 ~ 

1 •. 91) but it is maximum in the ?ifth stage larvae· (87 .:;6 !. 0 .• :588) 

as a.hown in T abl.a~6._4 .. 

ECl oP the larvae of' e• b,lt,§9tsJ.ctes. (L.) when fedJon knol khol 

(!!_. olerac3SS \tar~ 92"9Y,t.ocms. f...} is very lom in both the. socond and 
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TABL£7 iD 6·1 4 . 
.I "'·"' 

Dlggstlbility- and conva~!on ef:flciencleQ of the di.i'farGnt laN-val 
stagaa tif Pte~ia brassicae. (l. .• ;). en Raddish _.. -RJlPhaoos. sgt.iutia (1..) 

and «riol khol. • B~aasica .oleracaa var. ·aongylodoa ·(L·:.)" maaeur.·e6 
I I · 

on:: ·dey wight ·bsata at 1>.24°-t Temperatura and ?0-72% Humidity. · 

L/\RVAL £F'FICI£NCY Or CON•:. CO£F'Fl'Cl£NT or EF'f'ICI£NCV· OF CO~J.; 
STAGES.. U£RSlON OF' INGESTED APPROXlMAT£ U£RSIOU or DIGESTED 

11 

III 

Ju 
u 

FOtlD TO BODY DIG£STlB.l1.1TV F'OOO TO BOOV 
SUBST AFJC£ SUBSTAf1JC£ 

4s •. s6 t.. s.o1 
36.;74 £ , •. 20' 

e.6s -.t. o •. s.21 

83:e.69 £ 2.· •. 06 

. . 

.. 

?8.2?ti ~ 2 .• :708 19 .•. 1?4 ~ 2·2. '§{3) 

83 •. ?04 !. 4.·1s 4S.taa ~ 1.46 ·{.:\.~. 

56.521 ~ t-.9t 1s.1,12 & o.a36 (4) 

8?.3'6 J:. o.,aa 91•54 ~ 1.48 · ((.:;· 

-------------~--------------------

1'1 

IU 

2•'4 ~ o.?oo 
o .• 541 ~ o.o.4:J 

89.23 j,. ).71 1.87 j:, D.2S6 {4) 

96.,10 t. o. 779 0 .• 557 ~ 0.041 (91' 
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the fl tth stage larvas . .;:-· In tho second staga larvae.. the -effic.tancv 

is low (2~J4 t, 0 .• 109)~ but it ia loi!.!D~ !n the f'!fth stage (O.S4'i t. 

Oo04)) as ahcmn in Tablg.:.6.4o· 

ECO ot tho laiN~ of:!!• b,r~as.lc;a,a, (L.) o~ knol khol is low 

An tho second stage la.waa (1.S? £ o.2S6) and lower in thE) f'.ifth 
. I 

stagg larvae (0· •. 5~ j:. 0.041) (Tabla.6.4}. 

CAO of' tha larvae of e.... !'rassioa,~ (L.) on k:nol khol is high 

in tha second etago lawao (a9.23 !. ,.71 >.. but it is higter 1n tho 

fifth ataga.la~ae (9~.10 !. 0•779} .. (Tab~e-6.4) .. 

fsam tt:it meTigbt e:gu.ud.ments ;.The ef'flciancv ·0-f ccnva~ioo ot' 

ingested food tp body -sUbstanc.s (ECI) of ~ tturutiAU (l.) le!:* 

uae whtln fed on cabbaga l.aavas (B. olsracoaa ualt cani.teta L.) is 
~ I 1m J 13 

uorv high in tha second stage (29.·22 .t. 'i6 •. J9) but dec.taeaea in the 
. ' 

thl.rd stago la?Vaa (2S.a4 ~ 18.44). This eVf1c1ency is uery low in 

the fouJtth s~age lal'Vas (15.,1 -~ 0.64)~. ut.Ua it .1nc~aaea in the 

t1 f'th stage lalr\lae (2? .99 !, 0 llfi'$9} (Table-?-.1) • 

Tho cff'iciency with uSllch digested food is convo!'tsd to body 

aubstanco (ECO) ot f• b..J'.'JW.a.J...ra (L.) laJtuae is low in tho aoc.ond · 

. atago lairoao ·(.ss.sts:·t. 19,~2)),,. b't:lt.lt 1nc~asas 1n the ,third stego 

larvae (42o.6t ~ 26.4$) to ~a:d.~., The [co ia uorv low in the fourth 
. :; ' . :· 

stage lawaa (21.336·t.·1·c,66) bUt ·it again incma.sas in· tha fifth 

stage la"~ ( 40.,6g t. 0-.461) (Table-7.~1). 

. Tha c.oefflelent or approximate d1gest1bll1ty (CAO) -of' tha 

larvaa of' !!• ~£asp1e5aa (L .• ) fod ·o.-.· cobbago leaves is ·mastlmUll) in tt'te 

second stago larvae (as.oa ~ 24.56)' but it decroeeas in tha third 

stags la.rvao (62~1-6:6) ~- 0.414.). ·The CAD As agt:tln l'r•creasing An tht~l 
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01·goatlb111ty and. conuo·rston ef'ficisncles of different lal'USl 
s-tages ~r P1o~1a ·br~saicae · (L.) on Cabbage • -arass1ca t!lerace,a, 
var., capltata (t:..).:maas.ur&d on wst wei~t basls at 1S.23~C Tenl-
patature and ?Do?~ Humldlty. . . . . 

·EYF'ICI£n!CV or COfl-. CO£E"FICli~JT o; £1"riCifNCV Of" COU... 
LARtl AL tf£RS.IDrJ OF' DJGESTED 
STAG£S . rnoo·r.o SODV 

. APPRDXtr·1AT£ 1n:RS10'i'J OF OJ GEST£0 

~~ 

Ill 

1\1 

u 

OIG£STIBILITV FOOD TO BODY 
S'lJBSTtl~CE 

. . . 
SUBSTA~1Cf: 

29,.:22 !. 1'6 •. 3'9· 88;.02 ;t. 2-.56 33.·52$ + 1?.23 
. - . 

(4) 

23.84 .t 1E:J:.44 52~:82 i 14.3'9 42.6t £ 26.45 (5) 

15.,, ~ 0.64-. 62~166;!. . 0~41·4, 2t .• SJ6 + 
. . - 1 .• 66 (S} 

27.99 .:t 0.1-59 ?2•954 t. 4.24 40 .• 653 ~.0.461 (4) 

All ealculatad ln poresntags, (%); f'lean and Standard 
Elevlation· (N £ .. S£) aJl'e g1von hare in all cases.. The 
f!gura 1n parenthasls repras.ents number of observations.., 
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fourth stage latvoo (6·2.166 !. 9· .. 414)· and further :lnereaaos.lb ·tfla -

flf'th stage latvaa (TL.9S4 !. 4o24) <rab~?•1).. 
. ' • . I 

Tha ECI of the· l~uvas or !!.• ilggsf?.i,rWA CL.~:) cltsn t'ed' on ·-c~: 

11 f'lowe~ (e .• olatraceeo 111ar ... bot~vtls (~) J.o m:tr~v ·low ln· ~tw ~oeond - . . .. 

ata_ge lantae (1 s~oa ~- 4•67).-_ Th0 effic1oncv is mere o~ lass st~bl• 

llaed in ttw t·hirei.:et.agc (21•68 ~ 12.96.) and tho fourth e~g~ .· . 
; '· 

(20 .. 92 ~ ~.?) _ la~ttao~- ~ile lt 1o tieing in case. of the fifth 

eJtag~-ia~oo (3o.497 ~-,'12.65). ··(Tablo.?~2). 

. . . I 

second stage (19.99 !,4o7l) and 1~. ~s :h.!gh-ar s~ the lar\rao raqchad . 
, . ~ . l'. : I ~· • 

·the third stago {39.20 £ 2·e029l~ Tti~ £CO decreases a little as the 
• . . 'l ; • 

. larvae ~aachas. the fourth $ta~ ()0.25 s e~,,) wh110}) tho fifth 

· sta{da there 1a· mad..mum increaas (62.13 ~ 19.63) (Table-7 •. 2). 
. . ,. 

CAD of. tha larv~a •fed;· Qn. cauliflowsl' ia. maximum in. the second 

stager lawao (?4.2? .t.. 5~04) •· In the· third stags" the .. CAD J.s much 

lome11 (!De94 ~9o?2) but it.ine:raaSte as tha larvae t:each tho foul'th 

et.ag0 (64.83-J ~ 16 .os) •· · As the lawoo ~ach tha last stage, tho CAD . 
' . . . . 

again dsc~aasos (53~32 £ 22~22). (Tabls•7.2) •. 

tCI of tho. fifth stage loruee of'· 2.• tJ.ra.ss~ (L .. } when f'ed 

on mustard (@.• c;amp,g~)£1S val' f!.GJSon· Prain) la.aues is 24.0)2 ~ 0.916%. 

Sines not nluQh data could be collected comparison could not be ma(fe 

aith other larvae stages of .lif'a cycle (Tabls-7 .,) • 

tCD of the f'ifth stage larvae of !!• br~J.,.ega. on mustard 1s . . . 
2S~St1\B +1.028~• - .. 

Ita CAD J.n musta-rd is_ very high, it react1ea upto as.sas £ 
1.;;54% (Tablo-? .• 3). 
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. . . 
Oigestib"U1ty. at1d converalon efticlanclmi of different larual 
stages o.f Piart.s: braa·$·tea~ (L.:} o~ .Cauliflowa!' -~· Brasal.c·a ola·racea 
var. botrxtta (1..) measured on wet weight basi-a at 18·2~°C Tompsg. 

· ature and 1n-1~ Hu~idity. 

\.AR\t Al. . · tf'trlCtE~CV OF' tQR• CQt.f"rtCttNT OF" 
STAGES VERSION Or liilGtSTtO APPROXIMATE 

rnoo TO BODV . DIGE:st··tS·ILITY 
SUBSTANCE 

II 15+08 ~ '4.6? 74~21 !. 5~04 

Ill 21.68 !. 12.94 53e84 + 9.12 -
Ill 20 .• 82 + a.?o 64.88 ... 16 •. 05 _. -
v 3.0.497 .. 1 2.65 - . 

53.32 £ 22.22 

Ef"F"ICI£MCV Of" CO~~ 
UERSION OF" DIGESTED 

f'OOD TO BODY 
SUBSTANCE 

19.99 ~ 4.73 (4) 

39.20 + . . . .. 2.029 (7) 
' 

30.25 ~ a.,, (4) 

62.13 .!. 19.6-' (4) 

All calcul~ted in percentage (%); Mean and s·tandard 
daviatlon tM !, St) are given he'ro in :all cases. The 
figure 1n paronthasia represents numtmr of observations. 
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fsd on radd.l.® (!tUbAS ·eatluua L .. ) .ia 29 • .665 £ Oo545%. Its £CO 

is 34~,.?9 1 6.,149% ~nd Ats tAO ia ?1.J!S ~. 9.92%. As not much data 

could be obtained D comparisons batwe:oo the ditVerent lai'Val 

stages could nct·be made (TeblGG?.J)o 

. TAA CCI of the l.a!"v~ of f.•· bJ«Nst.£fi (L~) mhen ra·d en ttnol 

kho~ <!• oleracoaa va!' ggngzAc.~a~ L.) is VOlf'Y low in tho sacond etogo 

(11 •. :SJ6 .t. 5.-69.). The tc~ 1..ncl"9aa0s as thQ larvae r.each tha thi~d 

stage (20.6.41' ~ Oo.1S6)' but again dccraase.a 1~ ths fol..llrth· stage 

(10 •. 752 !. o .•. eoe) (labla-? .• 3) ~ 

The tt:D of the J.swao o9 .e.~ b,.~q. (L-q) when Vod on tcnol 

·kholleave9• is 1om ln.th9 second.staga laruas (15.446 ~ 9 .• 13) 0 but 

lt is ·higher 1n tho thlf'd st.aga· (Jt .• 97Q ~ 1o44$4)~ The £CD dacroaseo 

as the ·-la~es teaches tho fourth stage (1•? .• 26 ~ o.9t5) (Tab~@P~.3). 

CAD ot e._,.~~- (~~) laBVaa fed on knol tdml J.a ve12>y high 

in the Saednd atags ,of ·the .llffJ cycle (?s.et !. o.:4~) .• The CAD dac&-aa­

sGE> as thQ lawae t-eachad the th.l.rd a'ega (61.449 ~ 0.624) and doe­

rea~es ruither ln. the. fourth stQga (S1.2 t. 4 .. ??) or tha lifo cycle. 

Total. or~ic rtitrogan (.~) canto:nt of' various host plants of 

Pie Jr. is brasslaee (L".) and Po napl mcntana \le!rdtv. va1ry among themo 
.. I W J· . 

salttes .amf ·also botwson tha ditfetrant ega g~upa evan in the sam · 
. ~ . . 

u·arlaty ~r s-pacJ.ea. All moasu1'9manta have b9en made on dry might 

~sis a.xp~ssed t:ts og fJ/g of b.lomas.s. Maan velum:~ and standal'd 

det~iaticns alto repl"esanted hazoe. 

f'!go $ SUfOO}SWi99 the t'Gta1 organic .nitrogen cont9nt Of VSl'iOUS 

hoot. plants and the cltfferencG batt119an their agg gt1lups and tho fecal 

~ttelt of law.ao oV J!.,._ t'ltftS§MiR (L.) fed· an thssa host plants •. 
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Di.ges_tJ.bility and conversion effic1ancles of different larual 
ata99s or Pieris braa

1
sic:ae (L.) o.n F"tustard - Br~ssrlca g.ampestr~~ 

val' •. sarson (Prain)J Raddish - Raphanus aat1uus (L •. )- and Knol 
---~........,-· • a khol - Sraasica ole race a ·Valh 90ngylodes (L •} measured on wet 

weight basis Qztt· 18o2)°C Temperature and 70-75% Humidity. 

EffiCIENCY Of CON-
LAR\1 AL UERSIOM OF' I.rJGtSTED 
STAGES FOOD TO BODV 

SUBSTANCE 

CO'EF"F"ICIENT OF 
APPROXIMATE 

OIGf:STlf:llliTV 

£rriC1£~Jcv or cm~­
\.VE·RStow or OIGf.:STED 

rOOD TO BODY 
SUBSTANCC 

Auatard • 8rasslca cerneestris uar. sarson (Prain.) 

-tl 24~032 .t,Oe916 ·85.585 !. 1.354 - 28.568 :. 1.028 (s) 

fladdish • Qeoo&Jn!i~ .rurUiw!') (L ~) 

\1 29.665 .t. 0.545 · 7'1 .328 .t. 9.92 34.194 ~ 6.?49 (S) 

' 
Knol khc:W- B•gss1ce Olfl

1
1'!]Cea

1 
var• sons~lodes, (L •. ) 

11 11.336 ~ 5.69 

lit- . 20.641 !. 0.?56 

xu 10~1s2 ~ o.aoa 

75.810 !. 8.42 

. 61.449 ~ 0.624' 

S1.2 ~ 4.727 

15.446 + 9.1) 
- -

'' .9'18 t.. t .464 

19.2-61 £ o.91S 

. All calcul~ted in· pe~eentaga (%}; fJJean and Standard 
deviation (:1 %. se:) ara ·given here in all casas. The 
t'J.gut'e in parenthesis repgesents number of ob-servations. 

(5) 

{4) 

(4) 



fig. 5 Total nitrogen content of young and old leaves of 

.c~uclfe·rous plant a, larval fecal matter· and la~vae 

·' ... 
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ln cess of eabbaf'ta (0. · oletac;eae va~· c~ltattl 't..) · ths total 
. ~ ._.- T I 1- a $T I 1 1 1 

· o~ganic nitJo~tm content ls ue·zy 1om· i.n the. old leeyes (29.905 !.. 

t •. 03) as ccmpaiood to the lasvaa or g&-owt·f'tg young plants (32.4.378 t. 

3 .• 4·605). Tho rocal matte I' or the- p.col~d sampla or d1. fferen~ lawal 

stagos or !•· b~ras~lcoo (l•) ~hOw s. vsrv high total o&-qonic nitl'ogon 
. ~ ~ . . ' . 

content ~t24~J8 ;t. 6.~4) dmn fod on ~abbag<;J• 

The t,otat· oitgardc · nit.agsn content of' young grom!ng cettliP1ot'l32 

(~~ ~lell'eae~ vat b~tutJ.e L~} leaves is very high (SBt.ic..s?s ;t, 7.359), 

t!fhil.a it io· ve~v low ln case of old leauaa (30. ?49. £ 1 .• 1)5) .. Tha 

pooled ?ecal me\tast O·f d1 ffarant. l~I'Uol ategea 0~ . e.• ttrea.siCAJ11 (L •) 
. . 

. shoUJ9 a high total Oflganle. nitl'ogen content (t99o13 !. 2 •. 59) when fed . ' . . ~ 

on thia plantct. 

·In case .,, mustalrd (!• ~eao,t1.'i.S vat Sarson Praln) the. young 

gl'Otdng leavsa $ho:ws e very h1~ . total nl~rcgen content. (516o2' .£ 

7.0?) ln compai'1acn to tho old loaves which hava niti'Ogan contant 
• p I' • 0 ' • ' I 

(399.375 t. 20.396);,. hence th~Jre la nttt much diff'orence in the nitro-. . ' . . .. 

gan c&nt-ent as .sho'mn b' oths:r- host plant varieties. The poote·d qam-. . . . . 
. . . 

pla of? ?ecal mottn,r fltOm differont larval stages o9 el), bras-s;icaa (t..) 
. . . 

. Ved on.mustal!d show a very high nitrogen contont (162.19 + 7.~'1). 
. . -· 

' i 

Ths total ~1t;~ogan content or rad_d1sh (Rap~gnusJ !<}tiv-t.t1l Lo) 

in caae of' young grmulng leaves ia vsrv hlgh ('S2?,S 1. 2.169) but 1t 

decllnod in the old loaves ('36 •. ?5 £ 4.,97). Tho poolod ·f'scal matter., 
. . 

of d!f'fa~<tnt law-al.atagon of P •. bress!eaa (t..) ted an raddioh also -
eJ&hlb1t w&-y fdgh totQ! nitrogen content (255.94 ~ &.94). 

In case ·OV knol khcl C!: Qleracaae uar go~g~l=o~s l.) the 

young g,Omlng loauaa contain m:cre total Ol'ganic nitt"~gsn · (426.24 !. 

~.1?) than tho oldar leavae (1oa.15 .!. 9 .• 5.6)., Tho focal mattero or the. 

pooled S~11J'l3 0~ V;Jrious la"al stogos oY' ao JAJtM~ (Lo) fad, en 



knol· khol sho1!19 a high tot&l o.-ga.nio n!tl'09f)n: content. (2$7 e25 ~. 

J.82). 
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In t.ha d1f¥91'€lnt lawal sta~a o'f f.• 'l!''i%\SJJ~ (L.) t.a. 

f'~cm tho f'i !'st to the lai.dt otago, .1 t is ob9otuad that tho total 

organ~c nitrogen 'content·J.s ·mo~·o~r leas stabilised. In ths·oaTtller 

otegss of' life cvcla,,. the nitl'Ogtm content J.s lousr (104.53 !. 4oJ?) 

but lt i·nc~asas a lltt~o in the late stages {10?.5 !, 1.1&), 1\Q.nce 
., 

thSN .. S not lauch dif'VONncO and the .OVO!'all nitngan content mas 

, 06 .• 01' t. , .• os .•. 
: .'' 

It is obsai'Vsd ·that the young · grotoing leaves of all host 

piants or f.•· fB,es~.J..sia. (L.) contain mof'e nitrogen then the Qld 

leavas. naddlsh was found to contain the higtm~t amount of total 

ol'ganlc nit·rogan i?ollCt'J9d by mustatrd, kncl khol, eaull.?lower end 

cabbage· ln· case ot young. and growing leaves. ~lllong the old laavao, 

rouot&lrd was obsor\rtad to contain the highest amount of' total ·Ol'gariic 

nitrogen, followed ·tsy raddieh end 'knol khol8 while caul.tPlowoJ> and 

cabbage contain ·the l~ast amount of total organic ni·trogsn. 

··rotal t'reo amino acid content or difPa~nt hont plants of 

f.• lll"assiem,, and e,~ ~J:. mtJntana tlanlty, show a variation among 

themsslttes.. Total PJ>es amino acid content was expressed as mg/g Wet 

wslght ,of tha plant low as ·(Fig •. Gil). 

Caullflomaz- (!• ~leracoae va~. botl.'ztis L .• ) ohow a vaey high 

free amine acid ,eoritent •. ·fol10W9d by knol. k~l (a. oleracaaa uar ... 
. . . . --

_,g_o_nga,;v ... l_o_d_ri_s L~) and cabi:;age (&~, olaraceae var. cep1. tata L .• ). Mustard 
- - I I · -

(a •. camees·trls var0: ·ae~son Praln) and J>addish (Reehanus aatiuua L.) 
.._ 1 . I J · 

oxhtbi't low f~teo amlnG acid content. 

:; 
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The Vscal mattal' of' diff'a.tsnt larval stagas of' ~· · ~~esstc.ae 

(L .• ) fed on 0a.Ch host plant also axhib!'tod the oema pettel'n of' total 

P~ amino ac~d oontant an tha:!J> ~st plants. Tho 1arve1 otages or 
P~ b~a!!HDicoo (L •. ) shOw a uary h.1gh total frao amino aeid contottt, .. 
~· . " . . 

whlch s.s· usually ';DO~"G th~n their. host plants •. The. pooled sample of 

the d,ltfe~nt larval stages cr P.;. ba-assica~ does not show much diff• 
. . -

G~ru:e frum. ~a1Jr ea~liott. and lata stage or life cycla, v.tfe:n f'sd ort 

any of' tha accGptad host pla.nta. 

. . 
2.J.o. Total fre . 0su. content of host.. and fecal 

... ma..,t..,t.:s..,~r ... oiiili•-.f e_. brasslcaa~. L.).. 
. . . . 

'total fraa aug8r. ·content of the host pl0nts of ~- !?.USJ!.\.CAA 

(L.) and e.~ "aPl,~"'tana \lenity does not snom much dif'f'ol"Gnee although 

a variation amo-ng them axista.. Tot~l fr~ . sugar content ie expressed 

as mg/g wet ~ig.ht. t'Jf' tha· plant loovss (F'ig~ 69). 

Raddish (aaehanU& sativua L • .) and knol khol (9. oleraceae ua~. · 
n - . • -

~ngvlades. L.,) ~haw a ve:ry high 'free sugar content than cauliflotOOr 
..-;;. -'- a am 

(a. olei'acoae .var. bot~yti$ l.) and mustard· (a· •. campestlots Val'• · 
4:» . . . .. . .. 

a·arson P~tain)~ Cabbage (B. oleracaaa v.ar. caeltata.t..) amongst all 
- I 

. shom the least amou~t of. free sugar content. 1be f'acal . mat tar . of all 

stages or.~· brassicaa _ (L. .•. ) ·lal'vao is obseruad ta vary in its free 

suga!' content whan · ttw larvas· ls fed on various fbod plants.. In case 

of larv.aa fed on eaulif'lousr. tha f~ea sugar content of' tho feees is 

h1ghast, f'ollowad by muntard., reddish and knol · fd1o1. Tho traa suga• 

content of tho fac;O$ is vory 1om ahem larvae 1s .fed on cabbage •. 

. . 
lrt t.ha larval sttlgos of' ~ brass!caa (L..) an excse.dlngly hlgh 

. . 

. amount of frea su.gar content 1a observed. Thoro is not much dii'feJW 

G~G in t.ha Va.rioua Stages Of» tfro lifo, cycla with I'Sgard '0 \hls 

-facto~. even wtmn tho lai'Val at.agas are f'ad on diff'snnt host plants. 



. fig . ._ 6 Total ft-ee amino acid (A) and sugar (8) content 

of leaues or crucirarous plants., la~al fecal 

matter and larvae of .f• Ju:agsica§h' 
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2·'·'· Qualltativs free amino eeld ar_ad f~~ sugar cgmp.;o,aition ot 

'!lffei'ent host pl·aot~. · 

f.ma.&lml,ao....JJ,.ttl;d,a : Qualitative anal.yses -of fl"ea _t'crms of 

amine acids and sugar prssant ln the va~ious host plants of f!!W!.lm:. 

brassieae (L.) and Pio~is. f\32! morttana V®nitv. has been ca~a-.led out 

by simpl~ paper cttnmatographlc methods. Result of> tho qua11tatlvo 

chromatographic analvass is givsn in Table-9.1, 

f"i·ftean Vtree amino acids alfe datectod in case of' cabbage 

(a. olol'aeoaa vor. capitate L.). Ttwo~ a~ Ol•alanine,. 01•21 Amino -· 
butyi.lc acld0 l-a1'g~nins monohydrochlorim, 01-aspartic aci-d, DL-).,4-

dlhyd~roxVPhonylc;,.alan1nf:)9 Loglutamlc ocid• glycine; L•hlstldins oono~ 

hydJ>Ochlori.oo .• L~hydroxyproline.o Dl-=-nol"<':»leuclne• L•lvsinG r.mnchydro-
- r 

· In casa cP caulif"let!e·r (!.• oleraeoao var •. bo.t.~x£1s, L •. ), 

Lcao:lyslna mcnohydJoehloridtl is no~ detected_. but anothorCf'rsa amino 

ecid Lot yros!na is p!:esont. Ths tot,al number of fJ:ee amino acids 

dotectod ln thin. host pl.ant is also fi f'taen, ~p~esentlnlJ the same 

tYPo of f~oo amino acids presant in cabbags. 

F'aurtean f'ree amino acids ara detactod in casa of rn~staPd 

(!_. cempestlris ua~. s,arson Ptta!n).., which again follow the aeries oi' 

amino acids p~asent in cabbags and cauliflower (Tab.le-9.1). The o.nly 

difforenca 12 that '-~hydi"oxypi>clins· and Lot:yrosina arra not dGtacted 

in ease oV musteurd •. 

The series of frae amino acids detected in knal kh.ol 

(s. olornceoa uar. Mnoylodas Lo) oory much roa.ambla those pre;sent 
,.. r -..... a · ~ d- ta • 

. . 
i·n caulifloool'• their total numbs!' is f1f'tean •. L-lys!na monohycfroch-

loJt ... da is not detocted in knol khol as it is in ce.ullflcme~ •. 
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have been detected• which again tho aetriea are ve~ much siollafl to 

thOse: prooent in cabbega. ea'Aif'lowor. fml9tal'd and knol khol. Threo 

amine acids f£-cm the se&"ios arQ not detsctod in raddish9, t~eae a11e,. 

L-hy«ttouyp~o11oo• Ol•norleuci.~ and l•tY·&"Oaim. 

T~ing into eonsiderrotion tha sorios of f'rag amino ac1da 

detected to all j .tho best plants. o.f e~ ~~aosicqq and !!• nqe1 mo"~Ji!'!9 

Venit:ytJ· L~ydroxvpl'o11.na is not detected in cas.a of too tu:mt planto. 

these aro musta~d_ ami r~ddish. ~l·~lauelna was not dat~ttcted onlv 

in tha casa of' iraddlsh.,L•lyslns mooohydrochlorlda is not datoctad 

in tho case. Qf caul1Plomt)r and k~ol khol. L-tyrcsine \-l39 absent in 

cabbetJGSJ mustatrd and l!a&il~h. All oths~ freQ amino. acids arc dotec­

tod on all host plants: and .P~llow the sa:ne S61"1aa as detaeted em 

cabbage. coullt'looor• musta~td, knol khol and radd1sh. l.n total .• 

flftsen froe amino acids ore datsctod in cabbago9 ti f'toGn in cau'l'~- .. 

flournr, ~ou:rtean in mustard• Pi ftoon in knol khol and thirtss.r.t in 

radd1sh-. 

rree -s-uW3rs : ~neral~y, twu tvpas of free sugars arr-a commonly 

detected in tha host plants of p .• bwaaslcae (L .• ) and Po nnni montann · 
...... ..... .- ~ = riii 

Vanity (Table-S~ 1;) • 

In cabbage' ~'?.~ ole~acaaa · uar. capitatq. Lol. glucose and 

'galactoso are clearly pwsent. gtucooo· boing alwava in highaar amou~t· 
j • 

than gal3ctose~ Th~a .e~o :traa suga:s mare also clearly ltbnt1f1sd 

tn caul! f10t!.9f' {,!~ clo~sceae val!• botu£1s l .• ). 

ln case o$' mustard (~ •. oloraceao' var• ~orson Pralo) •. glucose 

was cfe·tacted all alone while galaetose is not obserusd •. In reddish 

(Raf!!!onia~ .. sat.lvus L_~ ).- tho sam· result is obsa.!'\Jad iao. 1n rnuatati"d, 

gluccao baing iurednm.lnantly present while· galactose i.s not dets~tedo 
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Qualitative free; amino aci.d and free sugar compositl.on of the 
different host planta of PioJtia bras$1cae (L.) and Pierlo nap! 
montana \lenity. 

IUU1"30 ACiD CABBAGE CAUL I• ft1USTARD KNOL KHOL 
n.ot~R 

I 1 b I 3 '2•. F ~ I t 1 

1. Dl•alanino • <Co· + 
2. D1~2 .• amino-n- + + + butys.-1c ac.ld 

'• L•.arg1·n1na morro- + • • hydrf:'chlorido 
4. 01•-aspaJtti'c acid +· + + 
s. 01•'•4-tdihydr:oxy • • ... pheny1Qlan1ne 
6. L•glutamic acid + + + 
?. Glycl~e + • + 

' e. L•h1st1dlna mono- •• .. + hy<UOchlol"ide 
9 .• L•hydroxyprol1ne • + / -

10. DJ: .. notloucina + + • 
1 1 . ., L•lysina rnonohy• 

12· ,,. 
14 .. 
15. 

16. 

1., 

2. 

drochloride • - + 

L•p•ollne • + +· 
Ol•aertne • 0 + + 
OloTh~aonina • + + 
l·Tyroslne - + •• 
Dl•v.aline .. + + 

SUGAR 

Glucose • + .. 
Galactose :+ + -

1 = Brassica oie~acea· var. capltata (L.) 
2 = B,rqsal,t;fl olergc.e,a UBi"• .tJotrxtis (L,.)-
3 o Braasice catppas-tris. ·var. sarson (Prain) 

4 = Brssstc.a. olermcef!' var. c:engxlodes (L.) 
S = ftaehanu~ setivus (L.) 

+ = pll'"esanee and • = absence 
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• 
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+ 
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+ 
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ln knol khol (~· oloracooa uaro sonqylcdas L.) again both 

·the hoe sugars are · pwsssnt.. Glueoae is moro intansol v datectod 

than galectos.$. as obe?owad- in cabbage and caul.iflausr plant9. 

F'rao amino acids of dl ffoJ>ant larval stmms : O,uali totl.vo 

analyses or ?l'ee fo!'ms o, a-mino acids in different larval otagea 

of' f.•. ws,s~ (L_.) as carried out by simple chromatographic pro­

cedures- ia Jn·a~oted in T_abl,.soR.2. Ten free sminu acids ,aro dGtoc-. . 

ted in all the five etagae of !!• bzoassicaa lar\tae. Those ftoea amino. 
. ' - . . 

Dl•isoleucine• 01-sarine.. Dl•tharsot11ne, Dl-tryptc:»phen. L•.hydroxv• 
I 

prolir_m and L•prol1ruh These amino acids· aro. quantitE,ttiv~v tlif'far­

ant from each. ot~r .. evan 1 f' the series is similar.; The. ~uant! ty 

also dif'fatr from .one larval stage to a.nothe~r. Tho free amino acid 

compos! tion is similar from ono larval stags to anothetr, 'but thero 

ia a ~if_foranca in ·the quantity or sach only. · 

~rs.~ .s.~gars f!l, ,dif~~ra~t .l~urual ptaw;s 1 Glucose and qalactosG 

are tho only two f'reo sugars datocted in all tha fivo stagos of' 

~· bsrassieaa lai'V;ao ~ Glucose 1s· ·obsewed tc _.bo p'r9dom1nant1 y p.1:cisent 

than galactose. Tho, quantity of glur:oss again, stww a vaJ-iatlo:n ·among 

the difi>orant larv_al. a.tagcs.. mh!ch is also oxhibi ~ad by gala:taso 

(Tabla-9.2). Quantitat.lvaly, ·glucose, ia .td.gher in s.mcunt than 

galactoss as obsowed• . 

f'raa amino ecio and f1:9a, su~ sll' comn:osition of' 1 1"\ta·l fecal m ttol' 
when fed .~n csbbawt : When the larvae of P!arls bl'assicae 

especially tha l~t staga (fifth stage} is fed with cabbage (!l•· 

.&l.tttacea~ unr. ~a.e!tat,f.l L.) and tha focal rnattar was studiGd by 
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simple ehnr;tatographic analyses. The ~eault shom tha~ oniy eight 

fl"So amino acids hauo bean d~tscted !An this case,. Those amino 

acids are. Dl·a~pa?tic acid, L-.1euc1na0 . Dl•isolsucina., L-hyd~~~ 

p~ol1na-,. Dl•setino~. 01•3·•4•· dihydroxy.ophonylalan1oo_. Li~hletldina 

monohydrochlorldo and .Ol•uaUrw (Table-8.2) .• 

Tho seriEH3· of a.11ino acids aro to a cert.a.ln. ·extent s1m11at' to 

those present ln the hoet plant., i.e. cabbago · {TQbls-8.1')• F.S.ve 
. ' . 

Yree amino acids ~ich are present ln the larval stages are absent 

(not detected) in the focea of the la!)t stags larvae, these are, 
Ol•alanine,. L•glutamic acid, Ol-thl'eon1no0 Dl-.tryptophan a.nd 

L-pllc1£neo 

ThesG r,aa at111no ocid!l. which are. p~sant in tha, f>ecal matter 

a~e. quanti tatit~ely very law io comparison to· the amount presont in 

the original host plant i • .a. cabbag~. 

f"reo sugars litce gluc.oso and galactns.G• Pl'SS:ent in the host 

plant i.e. cabbage, in detcctabl€3 quantity ai"S no mora observed ln 

tho fecal mat tar (lable-8 .• 2). 

~~aa amirm acid .o.,nd froa su'l~~. CC!J!~sitio," o~ lar~al r:o.c¥, metter. 

Whsn fod on caullf'lowar- : Whan tho lsl'Vaa or Pieris brassi,~ga, 

(L.) especially tho fifth (last) stage is fed on caulif'lo:ua~ 
' . 

{g_. oleracaaa var •. b,ottxtis, L.) and th~ focal matt or is studied by 
' . . 

simple chrttmatographic pr-ocecN~S~t tho analysis shams that five fl'eo 

amino acido,~ · namol'Y Loloucifl9_. Ol•isolmrcine~ Dl•threontna-. 01-3-40 

dehyd~oxyphonylalanina and l~1atidine mono-hydroehlcr!da are 

p~osent (Tabls-.S.2). 

' 

Sevan frea aml'rn:J acids pressnt i~ tho various larval stago$ 

o·f' l1f'e cycle out of' ten are net ctoteet~H'! in the f'acal mat.ter of 
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those ·last otage la~'iaa ~d on cauliflower. Tma eginc acids• ioa. 

01·3~4. d1hy4,ouyphanyl alanine GJ"ld L•histidine monohydrochlorida 

are dotected ln ·the fecal mattor as thoy are o~ig1nating f'tom the 

host plant. 

Quanti tat1voly9 those froe amino acids detected in the larval 

fecal matte~ aro PNsent in smell amounta as compal'ad to the cJr1g1• 

nal · host plant • TM· quanti tv ooen tJary among themsslve~h 

f"ree sugars, vi~··• ·glucose and galactose" Clhich aro intensely 

detactad in the host plant l.a. caullt'louar0 al1S not ob~!'Ved any 

mora io the f'ocal mattar or tha feeding larvae, that i(S,. the fifth 

(last) stage laruoe (i'ablo .. a.2)9. 

acid and Prea su 
Piaris nap.:&. moqtana 

f'sma amino aeids of the la•val sta9£ : Quali tativa rr.a~ 
. 111D I I -

amino ac1d and free sugar COiilJ'OSition of the last stags larvae of', 

j. napi montana.Uenity~ as analysed by simpla chromatographic pro-- ' 

cedurea shows · that-. oight free amino. aclds al'a present, i .• o. Dl• 

aspartic acid, L-glutamic acid, Ol•alanino:, l•hydroxyp~t;tl.j.ns. L• 

proline, l•leucine1 . 01..-sarina and Dl ... threon1ne (Table-8 .• 3}. qt.ianti• . 

tetivelv., these faree emino aclda are different Prom each othol' in 

their amount. All.theso abov~ named r:ree amino acida are pResent in 

detectable amooots, espaclall y in too last !ltags of larval lifo. 

·f"rree, .s=t.t~ora of'
1 

the •• larval staga s Two free sugars are inte­

nsely dstscted in the last larval stags of f.• nap.! mGf\ttHl§l \toni ty,p 

as analysed by sirilple ch-romatographic proceduros0 thaao a~r=e, glucose 

and -.. galactose (Tabloo0.,.3).. Quant.itatluely, the amount of' {)lueoso is 

ohseruad to be higher than that of galactose. 



97 

TQSL£ - fl•t 

Qualitative fre1e amino acid and f'raa sugar composition o? ths 
different larval e-ta99s of fltnl,s,JaJt§S1i1sg,a (&...) and fecal metter. 

A¥11NO 
L·A~lNlL STAGES 

ACID I I· I Ill 

: 
1. Dl•alonlnta .~ .. + 

2o 01-.aSi)artic acid 4- <0- + 

'• L•glutamic acid + ... + 
4. L•leucine ... + + 
s. Dl-isoleucine + + + 

6. Ol.,.sa.rina 4- + + 
? .. DlathNonine + + + 

s ... Dl•t·ryptophan + + 9 

'· L-hymro:uyp~olina + + + 

10. lc:.p~ollna + .. + 

11. 01·'·~4-dihydro-
~ £ 3;. xyptwnylolenine 

12. L•histidine mono £ .t. t. hydl"OChlcr1de 
13 •. Ol•valina ~ ~ .& 

SUGARJ 

1. Glucoea + + + 

2. Galactos6 + * + 

+ o denotes pa-esenee 
:t, = undetected 

1\1 

... 
oO> 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 

~ 

~ 

£ 

+ 

+ 

rECAL MAT• ' F'ECAL MAT• 
TER LARV J.\£ ; TEfl lARtr A£ \1 

• F'£0 HlTH t P£0 t1ITH 

• CA9BllGt.: JcAut.IF'lOt«R 

• ~ 1..o 
~ ... .to 
+ .!. .co -+ + ... 
•• + + 

+ ~ ~ 
+ ;!;. + 
+ + .to -
+ + ~ 
+ + I. -
~ + + 

£ + + 

+ + ~ -

+ !. ~ 
+8 ~ ~ 



rrae amino acld and ,.,ea augen' CO!e;091tlon of the latval. fecal 
u~.i·· i_ I . . I I 1 I • . o.:.. It -:-- . • t 1 It -

Whon ted on cabbatte :; When the larvae of P .• , naei .mcntan9 
a • .r • u _a -. - . - · 

Ven1ty ln· fad .. on cabbage (!;• oior.aceaa· uar. caPi tat a L .. ) and the 

fecal matter is atud1ad.., by ~dmpla ctuzomotogrophic procaduNs., 

six f'l'e·e amino ac1ds:s namely., 01-aspa~tic acid1 L-:hyefroxyproline, 

l-.pnlina. Dl•throonlne;. L-·arg1n1ne mono-hydrochlor.f.de. and L•hls­

.tidtna monohylmJchloroida aJ!a p~~s&_nt. (Tabla-S.:J). 

-rowr amino acidS ·gena~.ally ,present during the last larval 

s~ag$• namely,,: L•glutamic acid~ Ol•alanlne,. l•leac·ine ·and ot .. a:•3rl~, 

~ra, no.t &liaet~d ln the ·t'e:cal- matter (Tabla-8.3) • Tha quantl'y of·;_ 
' . 

free amino ac!ds dots:cted t.n th-9 larval fecal mat tar a" presant 

in- v-e~y 1om amo.unt as compared to th:e ·ntghal! quant.1ty obsarvad in 

tho htJst. plant. 

L·e~ginina mcnohyd..Ochlorida ·and L•hist1d1ne monohyce"chlo­

r1ds are detected in ·tha la.•val fecal mattar as they· al'9 originally 

,Preaant l:n tho ho@t plant •. 

· Ths s·lte f~rea am-.nO aci,ds prGS$?-n\ 1!) tho· 9c:cal matte~ of the 

lan:ae: ot £.• t;\!!i mont-ana lt(;ln1ty are quantitat-ively airre~nt among 

them:selVO$• 

GlticGSG and galactose. the only two f.na sugars p~esent ·tn 

the host plent and lsl:\faB of ~· .!!!~':.\. mo"r\'tana Uenlt~,. a~a ·not obeat"-
. . 

vect any mora in tho f&_cal- matte~· of t~ la.at larval at.sge: when fed 

o.n cabbage· (Tabla-&.j) .• 

f"Jtaa ·ff!iM a,P_.\d .,ant\ .frse suJ.,gBur comgosltlo.~ ,or t~ lar,va~ .fecal 

~· 
~" @a!! Of! caullflOJe!, l Whan tho last stagt~ la.;vaa of 

. . 

P .•. naB1 montana ·vanity is fad on caul1tlowor (B .• oleracoas val'.-
.-. lliii.. . _. I - 2 
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botvyt1~ .t...) and the ·tacal matt.ot ·excreted lo studied., _sauon f~a&i 

a!Dino acids•, namely Dl•asparti.c acl-~., L-tfyd!'oxyprolinej. ·~.,;~pt'ollne. 

Dl•~hreontne.,· L.;.al'ginine mof:tOt\Ydf!Ochlorloo •. L•_ty~o$ln9 ·and L•hletl• 

dina monohyd:rochlori$J al'a· present {Tab1~8.3). 
. . 

Ttta quantity or ·thasa · f~o amino aeida detect1.•d i~li WI'Y .low 

in comparison to those originally prssont 1n the host. plant (Table-. 
. . 

e.2). The four amino acids~. namely· Dl•aS\tta~r:t.ic ac-id, t...hydl'oxypltOc=t 

1j,.no11 L~p:rolina and Dl•threonins whteh a.ra datactod 1fi tha last 

l·a-n.tal st.aga• a~ p.resent in vo_ry l.OUJ qilantity- as· observed. roan 

;;:m.lno aci.da •. g(Jnarally obSGJrved in tha last. latval stages are absent, 

1n the tecal matt$1'• ·these are- L..glut.amlc acid• Dl~alard:na •. l•leuc• 

lne and Ol•$9rine.. ntre.a amlnQ acida.. nemaly L•·argintne monohydrc­

chlorfc:te:. L-tyt-osine and .t..td3tld1ne monohydrochlor1d$ aro dotectsd 

in t.ha fecal n-.attsr of' the last stage lar"ae:• as they originated 

from the host plant,, i.e. caul.lflow&r• Their ~antitlaa em vo~·V low 

in comparison t:o tne host plant,.: 

Glucos~ and galactose., the rtea sugars p,raaent ln the host 

plant oN ·not da~tacte.d l.n the focal mat.tor of tha laat larval 

stage cr e_., !J.!Bi monta11a llenlty (Tabla-9.3). 

It 1s ganarally obsa.l'tfed in all analyses that the host plants 

.analysod contain more hea ·amino acids -quanti-tatively. lha quantity 

declinaa in tha le~val :stageS. of ·both ths but.tel'flles stttdi:od. tn 

the ·fecal ,m$tor . ., the quantity further decrease and sontatime bacam1ng 

negligible·• Tho same obeervation has baon mads in the cas$ of free 
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Qualit~tive free amino acid and fre.a s·ugar composition of the 
. larv~l st~"99~ ~' Pla~is napi montana llan!ty and their fecal 
matter. .. 

AMINO ACID 

Dl.•asPartte acid 

L-.glutamic ac1d 

Dl•alSnlna 

l•hY droxyptt.ollne 

l•prol.lne 

L•leuclne 

Dlt.ssrine 

Dl•thre.onina 

l•arginine mtnto 
hydrochloride 

L•tyroaio:e 

L-h1st1dina mono­
hydJ'ochlomoida 

SUGAR 

Glucose 

Galactos.e 

.. i LAST . frECAL tt1ATTtR I r~CA~ MATT&:Q 

I. LARVAL I COLLtCT£0 ~ COLLtCT£0. 
'STAGCS f"ROJ'i !.ARVAE ! F'RUfll LinR. tJA.£ 

t F'£0 WITH t f"ED WITH 
i I CABSAGt J CA~L I Fl.OHER -

• * + 

• .t. + 
:Cia; 

... £ j'. 

• + • 
+ • + 

+ £ j:, 

+ ~ j;. 

+ + + 

: • + 

~ • - + 

1. • • 

+ 

• = danotas presence 
.&=denotes not rtatectad 
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Lifo cycle dul'ation fPf the butterfU.on otudled u1x._, -~ 

bl'~_ nAcaa (L.,) and Pi~la nabl. I'Mllntana Uanity .•. ua~v greatly mlt:h 
1~it£ir 1 t · ·· · 11 n ;o r & 1 .. -.= A •• ·. . ' 

t:ho typeg. of nos:t s»lant$ on nthich too·J.J lai"V£Jl a tagas are wae~ad on. 

This is gene~slly wsowad ln Lt,p!&fopta~a •. especially in the oligo• 

phagoua and pol\lphagwu t.vpe~:f o~ feeders •. 

. . As has boon gbaorvod h-om tho 1-lfo cycle studios, the devel• 

' npmontal evcl:s of' Pi~ta brassieag (t. .• ,) fJrOl!) tho egg stage t111 

acitA.lt smargene0•. lo sho!'test when ·thra larvae ara rt:Ja~d on knol khal 

(Breostcl;!l clsua.caes ua~ gonqxl~des 1...) Polloumd by mustard 
.. .. . ' .. 

(!.•· C:f!!l!?o.t~isl ua.~· sarson Pl-ain) .and catllif'lowetr (!o olel'acaaa var. 

b~t!£~1,0. l .• ). ln r-~ddi~ (~eP!l@ntts, s,atlvus L • .)' also too ~ation is 

longs~ but :lt _ 1e lon~t on cab:baga (!•· oloJ."aceae var. qaelta_ta lo). 

Pupal dulrat_lon ot f.• bttaesi,caa (l~) ia obaaJ:Vad to be shortest · 

on knol tchcl (!• oleracoao vat-, •. S!"Svlqdos L.) followad by,: muatoted 

(!• c~~J;~ v.sr. sanon P&"mln)., then cau11floue~r (!• oloraceae 

UGI'~ ~~tJigf;!q;, L..) and i'Sddlsh (Raehqnuo eg~ivu~ L.) and ,last longaJr 

in cabbage (,§.•' olo~,acoao tttu·. cae~ t~tq Lo) • 

·' 

. Lal'Val dutotlon of ~·- tu.•qasiea~ (t..) is obsai"Ved to be short• 

est on cauliflou;s~ <!• ~loi'Pl£~'-1~ var~ bot•zt.ts lo) then a-eddlah 

(~ae~anus ~atl~~ t..~) Yollousd by muatard (B. s.~.eest~1.~ uar.. saraon _, , 

. . 

P~alnl efldlalas~ lon~Ii.o 1fl cebba.go <!• olsl'acgae val'• qapitata. l.)·· 

ls ganarally Observed 'tO b9 SGIIOO O,R all hOtlt .plants On umlch thoy 

a:e laid. This 1s alqo ob9eruod by Rut<s~j.i (1961) •. 
' . . . . ' 

In 'caops~ison to Pia•ls b.-assieao (L.) the lif's cycls duration 

of -P ie~is. neil! mttntaeg U.(tnity, ta uelly Bhol"t on -cabbaga (!. •· oleraceaa 
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Praln) and ta~' lMgalr. !n caul1-~lO.GIJ~ (g_. fl!l.e..!!Jr£_~ uar. bgt~gt\2, 

L·.). Ths pupal porlod aloo follow tho aama m'od9 as shown by ·tha 

.llf'e cycle duration sines Mt much d1ffettsnCQ) :!a obsa~ad. 

Tho lswal period of e.~ -wm!, f'!PD$e..!l.@. 11an1ty• is cboowod tc 

bo shor~est en- caul!Plcm~r <a~- 9JPJtiC£l@ii;~o~~ •. fttaW,t.i.~ L.). In 

cabbago (g.. --~£Q,\tO..QP. var. s;.~tg L.) and mustord (!}.~ ltampa_st;l.~ 

var. M1£S9Q Pr~in} tt.m CluJ>atlon of larval period is more'~ leas 

samo a~ 1on90r than l,n caullflowtnt • 

. _Tha incubatiOO PSJ"lOa! in--~. ~ !!1~ ... ~ Vanity ls also 

ga~e~:ally obsan;ad to be- some en ail host p.lants on· ~ich tho sgga 

are laid• 

nut aa Q~ch.. host plants de not · 91ngly aV?oct the val'iation· 

of tha life cycle of any. s~!os of inss.ct. i'lufOO"ue ctbor physical. 

blochQmical and_ blclogle31 f'actplrs oro· else ll~Gponsible ~l,r these 

change~. lt ta obsszu.ad in tho ·sPs,cias studied that.- t~parstu~ro 

play a voey .imp-o~tant ~ola in confa;-oll!ng tho dooelopmontal t!ms 

period of -the .spae.lelh, Balow. 140C (1"'03m tampo~a;tura) and abou.o 26°C 
' . . . . . . 

tho d9ve1opmantal ps~iod of the spQclos studlsd is a&'foctsd drast1• 

CallY• Aa Obflal'Ual! in certain hoot p·la·nt.s,: the· dGvelopma-nt period 

is vsrv iQ,-,g n1spactally during the ~!~inter- months·. Decamber to 

Janua~, duo to tho · dlspausi·ng pupal stagos. ·otha~ casss oP photo­

par1od1~ J.nductf;en of pupal diapauae tiave also been reported in thG 

omall cabbage flutto:r.fly~ !;.iP.J.i.A &m?a'! (L .• ) (Kono,, 19?0) •. Quality of 

1.i·ght,.espec1allv ultra uiolet (Uti) hava b:een obseruad to ·:roduco the 

dtWelQpml!'..nt time in thin spociea. ('Thoms and Ph11:o~ana.-: 19?9). 
-._., 

1 n hQtta.r aroos ·Of tndl.a like Bihar ?nd utter Pl'adosh,. tho 

life cyclo duration of P-·~ tJJi~sicae (L•l ~nerally is lonl'la_ I' 
.. ,.:;;;;. Jl = ::.P""' 
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(fiukherJ11. 1961] Gupta,. 1991) ttlhUe An Shil,long and !ts adjaeGnt. 

' ( 

a~oas which era relat.tvely cold,, the 11-Pa c;ycle duration ·fl:QO 
< :· 

There am otha~ i'£actoro ao-d contl'oll!ng mechanisms chi~ 

· .regulate the 11VG cvels dul'atittn of thg ap:ooios of butt~rfly 

atud~ed41. vt~ •. , Pio!'ls bt»Eice~ (&..) and ~· naoi cmntana Vanity. 

Tha eggregatlog tu~hm~iour aa obse1n1e~ in the t'lold •. espaciqllv in 

P .• bi"a&Sieoo. la~ae.- may ofte-n lesd to eupp~snlon of ,f.astor dav• - . .. . 

slopmont.. bacausa ·or .cornpet i't;Aon f'or Pood wast"Jurcas-. which iUI'tho~ 

lsad to SlOuPl'' davotopmant and growth in gone:al.· ·As· cbaotvad in 

othol" spcelas of but.ta~:fliao and moths (Smith~t 1969) and ot.hot: 

inso.cta (Pa~~~ .• 19JS; Sang,. ; 1949• 19S9l, that· crowtJ!ru:a effects tho 

gsneJ>al growth and lito cycle· d~tation cf auch apocies. In casa of 

e_~ ~·montana lt~nitv. not much of lanal c-romding bahauiowr is 

obaar:vad bacQuaa tna oggg .. are la14 sJ.ru:;Jl y but the oppos1 ta la 

obso•ved in P~ b~assicac. -
Ago of' the host · plant.o;··:itn. ~ch the lew a() .oP P.. brnss!cao 

. . . ·• . -
i .. : (L.) and £~ c'!!£1. montana \lenity.- faad also may afV~:tet. tha 11f>o 

· ·· . \ · c vcle dU!'at.lon., tiJ"Opocially the f'Gading stagr;Js• bsnca contributing 

to the total lifo. cycle,~ eiths~. ahortanad o~ . p1l'Olongad it. Th19 · 
. . ' 

:factor was not stvctto.(t du?irtg thl~ .!rwestlgation .btJt b1oe"emlcal 

facto~s · like o·rgan!c nitrogen.,. fi'E)G am.i.nt2 acids and f'zoee sugar~ . .. . 
. . . . ' 

W9l'a considated in rolat'ion to 1.lVG oyelg dUration and other scoJ.;o., 
.. ·. 

glcal eff'lciencss like consumptio,.. gromth and canvol"Slon aspects• 
. . . i' 

As it .ls a known feet that t.ha host· piant eompoaitlon doos affa~t~ · 

thn 11 fa e vole of . tM ti'\socta f'asdtng ·on ·tt\am. · Pteote1n and leaf .. 

~sin cornpcsitlon of tha foed plant {Oipl~us eura11tiaeuo) o~ tha 

ctmctco~spot; buttor?!v (Euphyd~VDS ehalcodUna) avrocts tho lawal 

lifo dtn"atlon and mspansa9 duo to t~ls Pacta~ (41qcoln !?!. a!, 1·982). 
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t.eaV nltro·1on arnd oate1t content~ U"a&-lGt.lon !n tha ht:.st plants cr 
~\!aLTi buttGitf'ly lawuaa alEl"O a·6'fect tno lai'Uel Jt(I)Sponsos and life 

·.cycle (Tebe9hniks. 19~2) .• 

Gut nct only }llfo cycle mnd ths lGwal il'eaponese at:o. a~G'oco 

ted~ but aleo thsitr choica~ .. doo tc ths host plant quality, ao in 

tho eas·q o? boe'tlea (Neoalna:~· '9981) and oths!{' fol'sst insects 

(lundarstagdt#. 1·9tU ), . 

\'.31t~o~~ ccllte~t in tho diet af e,.. b~asaicaa. end f!ergth~ft 
. :·-

~,£aspie.~ regulates ths deu:olcpmnt af thaee opacieo (Gorovava and 

Samrscv,. 1976) aa has twsn· also repo.&-ted !n a®9 ·~ .insects • 

. ~J1t~g9n 1.o. organic nitrogsn~ ·dOGs Nelly ragulate tho lifo cycle 

of maf:1Y· J.n~~scteh~- In easa o·r ~ ... btressicaa end e.• '1§P.i ~ntana 

V-ent ty~ 1 t ia fibaswofll• t~at. it1 musto~d and raddish mhero tho 

a~ganic nlt&-e~n is: h!9h:t tho to-tal duraUcn of life cvcla c? 

e,.. !!Jtif!~Aeso,. !o shogt An comparuoa to c~bags and caul! flcoor 

. mhe.Re too 'ie,cta1 ,o~Jgard.c td .. t~r.cgera is lounsr. Hance.~ the total lifa 

cycle durotlc.n or ttla spaeioo tekos mw:n l.Cln90r9 · pointin9 out that 

nl\:lfOgan !s coo of too Vacto.s-a ~egulet,ing tha U?~ cycle o.f' th·e 

spacias. But this 'ts not so cont~incing in Pie1r!s .noei. monlg"fA 

llanity .. 

Total heo am!no acid and total t'ros sugat- ccmposlt!on of 

too uai'.ioua beet plants of e_. brasslea9 aruJJ ~ .. nap1 montana Venttv8 

singly do not':. effect tho lif'a aycla d!Jrat.ion of both the 9pec1as 

whon COfil'Qi'Sd to .the efPocts o:bsei'Ved i~ ·tho casa of nitrogen... In 

gem!'al,8 too host plant is ·the o:alo f'acto1" on which the life cvclm 

of onv spocioo !.s ~ondont O'A& as att~ibuted bV other UJU:S!(Stro 

(Catoa,. 19BOJ Gup'ts. '1:9823 Prcatidgs~, ~982; Leda!'i"louso ~ g!, 1902) 

®spoe1slly ln chsming types oft !nseets. 
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Tho affects of' t\ost plenta on uarlous deualopMantel esp·s~ts 

oi' P. brassicae has also been ~pt:n.-tad (Gupta., 1981) as mall a~Ef -
tho different consu.tion and ut11lsat1.t)n offic_i~ncieg of the la~­

vaa on vaao1o.us host plants (Gup,ta and 'i'llaleyvar,, 190t). Veda\la ~ & 

(t979) describad the var,louo consumption. ossirJlllatlol'l in posit!• 

vol y cor~:alated. 

Ganarally consumption end gnamth aro not co&-roletod dlstin­

ctly in Po bras-sicae as observed frem the expar.i.msnts parfo~sd. A -
aories oe variati:;ms eould bs soon ullether in consumption or g1romth 

parformancom of dlffsrent la!'vel st.eges on different host plentn. 
. ' . 

Cauliflawa~· (a.· olaracas var. botrytis a..} and knol khol' - ' - ·= 
(~cr olo~acaa, var., go,~~avlodas t..~) ·:are the host· plsnts wt'llaro cnnsump-

tion ~ata is high u.1hila the growth rata is not S3tisf~ctor~f so as 

ttl attributo those t:ut» host plants as mnst · pi'Ofe.rrad~ ln cabb$lgn 

(a. Olaracaa. var., canitata tl.) t.hare is a unif.orm rate of' consum~ 
.... 1 . Cl- l I 

tion in all l;art~al stagss of> Pisr!s orassicae end there also exists 

a uniform grQwth a-oto :amo.ng .t~am. Therefore., f'rom thJ.g point or 

view~ cGbbago could oo attributed to be tha most preferred host· 
' plant.11 1 f' consumption and Qrowth ia considered. Hence thQ host pl.~ants 

. ' 

of' Pq, tu~asoicaa show·J.ntyaopecif·ic uar1at1ori with respect to htJst - . ·. . . 

fauourabilitv a:=} suggested in other phytophagous. insects (Jouarnat., 

1900; Tabashnik• 1992) .• 

Oigsstib111tv and comtarsion offi.e1eneiaa · voey in f.·~SiU~ 

(L.) Prom stago to stags· of lorual lifo• on oll host plants tasted. 

As calculat.ed Vn-om consumption and g!i'owth PeJJramstero,. oi'?iclenc!aa 

like £C l ~ e:co end C~ or.o very. high in aloost all tho host plants 

and in all tho larval stages tooted. Low erfielenoias of' eawero!~n 

afld digastib1lity ia cbsarY'tld in cartain cases of olqlerirnant.a1 'Whieh. 
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may tm att~ibutod to ~aras1t.ieat1on._ dloo2Sas and sga of tho 

' .. 

parasitas. Ae in p-revious repo.:r.ts0 . av.iooncas heuc been b!'Ought 

for.th .to suppo~t ·t"lo phooomsna (fuehrer. <J990). GnUJth as wall 

as cpnsumptlon rnsy also be affectod by ouch phonomsna. 

UtUisatAon of nitrogen• in the organic foro, in e,ohgmlaigai, 

is obsarroeid to oo atsbi.ll~d on all. . host plant a as calculated ffom · 

uv wa1gi1t ·measurements··~ ~U.t~oe-n ut.i11oat1on. aa ob~:rved f'~ the 

nit.r·o{]Sn contont of hast pl.ants fad and. fccos ~xcretod by tho 

laru.$3 of f.• 11&~.!.~ tends to· f'luctuati:) round l0•60J1. (F•.tg. ?A) • 

. •at.t()gen utilisation. ~9$in• es oth3? ef,i.eiuncios do-pond on host 

or factQrs• liito paraaitisation and diaaasG of larval atagsso 

Amino· acid and sugar ut·Ulsatlon as sean f!'om wet might 

E\ftalyatm of host :Plartte fed and feces altcreted by the larvei. otGgtia 

of' f.., ~Jl..!£&.9. snow a tendency t!ft!ch !a mo~a. or less slmi!ar ln 

both. cas·oa • 

1\mino acid uttlisatlofl rangos fi'CU!l ?0.90~. this Pactor is 
' . 

ve~y stable as 6bsa:rvsd in !!• tt,watea larvae (fig. ?B).- Amino 

ecid? a~ U19ll knomn as far as thalt: t'unotlcn !e concermd1, eapae­

!allv as bulldlng blm::ko .o~ uaei·ous PJtOtalno ..aqui&"ed fo1r development 
. . . 

and ~~tDth !ln ganGlf'al (Houon. 19?4), hence thoir utilisat.ion is wry 

hilt•· 

Utilisation of sugar !n £!.,. b;as·slccm. larvae is also more or 

lesR stablo on all host plants fad. The uti119at1on· of' sugal' rangas 

from 40•807! (rtg. ?C) .. Sugars. espao!ally g!ueoso is well known i'o-r 

its biological function as an ena?gy p~oduelng.rrroltlcule, which in 

very much essontiel. f'flr propo!' gt'Omth and davalopr.tent (WigglesUJOrthtt 

.19?2) hencGJ 1ts high utilisation as ·obsarved in ~· .t.a.a~ cr1uc!vq~~ 
(9oiad) (Kusano and tJishide• 1978)o. 



rtg. 7 Utilization of different chemical compormnts in 

percentage of val'ious host plants by tt1& larvae 

of .!• Juasaicaa. 

a) Nitrogen 

b) Amino acid 

c) Sugar. 
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Thsse deductions hooo boon mada o"ly on ~· W.~l.CRD. (l • .) 

l:tlruas in relation to thoir feeding• on yo.uno and o~owing host 

:plants.- Tho ut111nat1on of dlfYa~At ehomi.cal oomponanta by tho 

la~uoo of this apaciea is again .gooe~nsd by factors 11ko latual 

paras1tisation and tU.aeasas togethsr wlth tho age of ttl\.-, host 

pl<lflts on t:Jhich t:hoy Poad. 

·Amino acids anti sugars detected in the feces of la~al 

stages ar e_iG'.£1;~ ·"ttes.~i£M. (t..,) ate' quantitatively to~ that by 

simple .papo:t- ch~amotographic pf."ocadores~. t.hey c:ould not be ~tee­

tad as such, while by opact!l'ophotamstt:i:: mathods (as has been 

carriad· out).., they could be easily quantified. This is the basie 

o·n uhich the utillsation maasuronwnts hauo boon racili tatad. 



CHAPTER III 



la~val reedintJ and adult oviposition preferences and effect 

of chemicals on larval faading, betlaviour in Pieris. .brassicea (L.) 
• ,.!. 
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'- •1 • --- ti"JTHO DUCT ION 

r~1ast if' not all plant· species may s.atisfy the f'ond ~equ1ra­

mante of' certain insects. Soma oP the ins'Gcts will thritte on several 

. plant spaclos,, which botanically can be quite unrelated. others hav-e 

a mo" limited appetite and relish only a few related or even one 

single plant species. rood selection bohaulour whl.ch hsa bean. r:noi'e 

subtly dsusloped in 1nsacts than in any other major group of Gnimals. 

mav fbeua on throe basic questions (Sctulonhcven, t9?2~) :- (1) in 

which way does a phytophagous insect select its host plant in an 

environment in tl.thich a multitude of plant species usually occur? 

(l1) what ls'the function of this behauioul' in ptaystological and 

e:cologieal tel"ms? (111) hom dld the 'fot;td salection behaviour dev-al• 
; 

oped during evolution? 

f4any speciall.sed insaet hsru ibOl"OS ChO.OS9 as · food• plants 

whieh contain 'specific plant secondary compounds'. ror Pia,r;1a spp. 

only plants' mhich contain glucoalnalatss are racogn.t.se as potential 

food plants and adults of Pieris. b~rassieae (L.) always choose such 
' ~ ' 

plants only,. fo!l' ouiposJ.tion (U~rschst'felt .• ; 1910). David and 

wn·dlnei! (1962) tested tha action of mustard o~l glucosldas as ·rea­

ding stimulants of' PlaJJis_ b:rasaieae larvae in s(lmieynthstic diets 

with positive rasultso: Mitchell (19?7) round that gravid Pial'ie 

braas1cao u.sual:lv ooloct Bra9-tidc9.:Jolarecea var. · oleraeaaa as hosts, 

with strong positive reaction to Grianal"d's picrate test., This .is 

attributed to the p~sa~ce of allyl•nitl'ila• tha speclflic attractant 

for oviposition. 

Adults. of' ollgophagous lapidoptal"a utilise specific contact 

chemJ.cal stimuli to dlac!'iminato host fl'om non-host plants. Ths 

stlmul' appeared to be parcelvQd by chemoreceptors located on the 
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tarsi and the ei'fact 1a.ad9 to ou1pos1tlon. In its abss.nca et]gi'9 

a~e ®t no!lma11Y laid. The oviposit.tonal stimuli t'o~ Pig,ia. butt­

arfl'las era El1n1gr1n and related mustard oil glycosidss (David and 

Gardlner:t. 1·9621 Hou:anltz artd Chang. 1963; Schoanhou{)n,. '196?; tJa~ 
,-. 

F'ox (1974) ·repowtad that in the case of f:i,sti,s £SRfi (l)• 
. \> 

4)uipoait1onal praferanca l"anges from Brwaala sprout to cabbage~. 

But Por natural Otlipositlon the cabbage•worm adults prePer Bruassls 

sprouta more· than cauliflower aAd caullflousr mora than cabbacN.• 

This shows ·that evan among. the crucifa.rous plants also. f:!12d~ app. 

exhibit discrimination• but so far thl·s bahavi.our has bean I'Op.ortad 

only in Pie tis 1'§1Pa~ · (L •. ) • 

· Insacta1, aided by thaU'· chemical senses ara abla to aalect 

thalt f-ood,·to a lat'ga.axtent base on chemical characteristics. 

\lartous compounds present 1n their ·food may serve· as. attractants 

and phagostirnulants.. .thus promote. feeding.. On the ottt el" hand,, 

insects are alt.erted for feading deterrent compounds in their envi• 

ronmant dlleh sign~ nutritionally suboptimal or toxic foed ·stuff's. 

In casa· of Pier1s brassicaa (L)~, once the adults lay their eggs on 

a selected plant the lal'Vae 1a ax.poaad ·to insvltable situation and 

hae to adapt themselves to uthatever the conditions aroe be physical 

or chemical~ After the incubation period_,, the lafVaS hatches and 

beginning f'~om this ·Pal'iod only~ they are exposed to such unpredic­

table environmental conditions {Schoonhauen and Oethiar. 1966; 

Schoonhoven._, 1969b ) .. ,;.. 

The laruae sae.-ch ·fo~ food and started chewing its food 

plant •. At this staga tha larvae are subjected to many hast plant 

chornicala •. which 'laad 'to mora feeding or cessation or feeding. Hara, 
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Uta h.Ost plant chemicals· (111m suga~, aminoacids., soluble p~ot-

oln:s and othai' such compounds present 1n the sap• play a . uery . 

imp:artant I'Olo in limiting and delimiting feeding (Jermy ~ ~196e). 

F'~cm' t.:ha behaviour point of> ui~w. tho ner-voua system attt'act 

special attention 'in such. analyses. bhlle studying food aelsction 

in phytophagous inssic'ts many questions arise,, as ut~athal' the dlf'r-­

erant bahaviou:ral reactions towards certain fo·od plants by difrarent 

insect spacies are due to· the fact that· they l'aceive dif'Psrant 

sensory lnrormetinn from the• same plant or· whether in di.ff'erent 

species identical· sanso~y massages are ptMlceaaad in a different way 

within· thelr central .nervous aystams and theraf'oro lead to dlf'fo.rent 

hehau1oural tsactions. 

t1han a natu:ral stimulus •. · auch aa plant sap. is a.pplled to 

the two maxil?.ar'V senailla styl<tn1ca of' a P,!u&a:.. caterpillar, the. 

resulting impulse pattern in the f'o~m of' chemoreceptory calla pre­

san~. is often varlabla whan diff"erant indiuiduals aDa compared •. it 

also varias whe.n diffel'9nt chemicals ars tasted, especi-ally in 

tams of' behavioural reactions. Tha different reactions to chemical 

stimuli in nxp~r!msntal conditions. has already been studied by 

Schoanhouen (1976a,.b; 197?-a,.b) using elocttooantennogrephic methodS 

but only certain group of chemicals 11ka deterrents and attractants: 

were analysed. 

In the present s"tudy •. oulpoaitlonal and feeding• preferancos 

b~twean salac.tad hos-t and non-host plants,. and tha effects 'of' 

vaTioue organic and innrganic chsrnicals on the lasroal f'eedlng beha­

vio.ur of Pieris brass!cao (L~) mas investigated,. 
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Fresh host and no,.,.host plant$ WOI'S collm:ted from ths 

field and b~ught to the labo.ratory in plastic bags.-. 

'·2•-1'• Test for ·f>ood nlant pmferance. 
I L . Iii 1 -

Lear discs of uni.tarm sizes (2.0 em. diameter) ware cut out 

fl'om healthy and g~mtng hast and non-host leaves-. AJ."Gna cholce 
; 

teats were conducted Jin .glass pa·t,idishas (21.0 em. diamster X 1.5 

em. high) which are q\l#tai'-ly fUlet:l with paraffin wax (BON). (f"ig.S). 

Humidity ln&ida was maintained by -tUat f'i.lter paper· lining (Whatman 

t\\o .1) with a psncll mark at the centre and the f'o.ur peripheral . 
sites to indieat~ the position· for ths ·leaf discs to ba tested. To 

av'Oid. positional e.Pf'ects in tha ataa and possible directional sti• 

mull• tho position of leaf disc~ were randomized folloming the 

mathod of Chew (·~~ao). Loaf discs UJSre plnnad t,o the paripha~y of 

the af"Sna at the centres leav~ttg a sme)].l space (app·:roximately 0~4 -
' ', . 

0.5 CttL high) f~ the basa. !!ip.&l~ WSS.iGB\l (i.Gh) larvae U9!3d in 

thaaa. _tests.,, ware either lab131'atory ~arad or collected from the 

field-. In both eases., la~ae al"O starved tor 10•12 hrs •. b-efore the 
. ' 

eJ(parimant ~nd only healthy an~ active laruae are selacte.d fOI' 

choice teats. The last stage lal'Vaa al'9 uaad in most of ths tosta. 
' - . ' 

Larval b~~avi~:r was recorded ss touching,,. attacking and chosen 

depending on tha ·tima ths ,larvaa spend on a~ leaf disc. 

In anothatt set o? upertmant,, a required numbs~ -of larvae 

we~a selected and choice ·tests experiment wsre conducted onlv mlth 

selected plants. Larvae mars ~alaasad in the cen·tro of the erena and 

obserued under a fiaad t1me period. The number o·f laruae ¥ound fee­

ding on any leaf disc was noted., percenta-ge of f®eding laruae waa 

cslcula~ed f'JrOtn the obsewatlons. A .non-host plant disc is used as 

a control in all ,exporimo.ntsh 



; . 

.. ·.· .. · .· . . .· . ···~c_over .• .. 

Lea t --...,..__..,..:.,.....: .1± .. : · .. :::.es •· ·. · .•.. ; :. ::~.* ~~~ ~; ·~ ~ J ----- WF tl t e rl paper 
disc ·' ·- ---- ·A-;·-·" ''"""'*w=w~ · ax ayer 

B 

__.---\.,------centre of arena 

-4----- Leaf disc 

Fig. 8- . Diagrammatic . ~~prE?sentCJtion of ·Arena c=J 
a n d · d i s c po s 1 t 1 on s . f o r c h o ice test . 

A= Sectional view 8 = Top view 
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'·2·2• tf~act of chsmlcals ,o~ th~ f'aadln

1
g b~avl.qur. 

Active faadi.ng D fifth stage larvae .o·r Pieris .b~assicae (L.) .. 
· (Plats-2 f") m9re U$Sd ·;for assaying tho af'Pects of known .chemicals 

upon the feeding behaviour. Var~ous knt)wn chemicals· were dissolved 
' 

1n dlstUlad water separately ond their ·;% solut.tons were used fo~ 

expar!msntatlon1• 

f'o·ur · hOU&' starved larvaa ware fed urith dlffsl'Snt host · 

leaves. under l·abor-atory cond.i.tiions .tns~de a glass ;;ontaina.l'., usua­

lly in a srtlall' .petridiah (9 .• 0 em di~etar X 1..5 em high). tilhon a 

laT\/a !s ·actively feadi09 .and chewing ita host ·plant •. a known 

chamieal solution i·s adminiatorod by moans of 9less micropipette 

on that ~-a~ ·of' t:h_e hoot ~:ant .wtte~ tha _la,va is actively feeding. 

and ita behauioutal ~asponsa is observed dil'actly and scored accor• 

ding to _the decjrGa of :reactlo,. •. such as· escaping, ragurg1tatiru3•· 

active feeding •. and cessation oP ~feeding. In this case,. one latva · 

is used for one (:)elution teat ··to avoid arro~ of' response ... ·acco~ing 

to ·the msthnd ·or S.chOonhouen and· .Jarmy (197?). A sarles ·Of chemical 

solutions Ul9r& screened by :this met·hod to find out· atimulat.ory .arid 
I ' ,. ' 

d:Sterancy effe-cts on ·the feeding of th9sa larvae on ·their accepted 
. . . .. 

host ptrants .. Wate"r ls used ·~a .:a cont~ol solutLon. 

l •. 2.s·~ oiv1easi.tiqnal' prarereucea. 

· These expsrimants. -~1'.0 conducted in a .nat. house (4.6 m X 2.8. 

m 1C 2·1 m) •. Saplings (1,•2 months old) 01f various. host plants of 

P!e,£1~· t;t;msa1;m1 (l.) us~~ purchased .from Barabazar ma·rk.at., Shillong1 

and planted in pl.astie ~c~ata (22 X 22 em) inside the nat houae. 

Cauliflowar Bra.ssioa_ oleraeea var. hot-rytis (L .• ).. cabbage- Brassica 

ola·raca.a. var. cap.ltata (L .. ), mustard- Barassica campastris uar. 

Sarson ?l'ain •. ~addlsn-. !{ag!!anus sativus l.) and kno-1 khol• Srassica 
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ol.el'ecea vsrr •. gongylodas L .• ) t!JO.re atlranged in group of S(fiva) 

sa·l'lally and randomly ·numbsl'i.ng t.o 40 plants in a nat houao. 

Vraahlv amargad adults of Pift&i.~ b.,taseJ..c.;w. (L.) (4-S pairs) 

rsarod in the laboratory mara released' In this net house and their 

ov1poalt1onal betunu!.our were observed daily by counting the number 

.of plants ov11)os.tad. Parcan·tage of ovipo9itioo wa~ calcul§lted on 

the basis of the nue'Jbe.r of batches of agg9,1 laid on a specific host 

plant. Th.!a ·was observed daily mlth the racorda of humidity arttt . . . . ' ' . 

·tem.parstuta. Dtlad .but~e~flies was-a l'epl.aced by naw ones. Healthy 

plants were used :ror this axpsrltnent and saplings shDwing signs of 
' ' 

witting al'e Mmoved and naw ones ~e inttoduced. Pa~t o.f' the leaf 

on uhi~h oviposition hoo occurred .• mere ~ut o.f.f and wash~d. wit~') 

mattn:, 
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·3 •. ::J. RESUI. TS 

The last stage lsrvse of' PiaJ;l~ P..r.ass&zc.a (L) •. exhibitod a 

aeriss o? bshavicurel ~ost~onsa towards their eccopted host ond nono 

host plants. Rasul ts of behavioural ·studies on food plant P.raf'oren­

ee by the laruee,i lo t·abulated in Toble-9. 

Out of ton plants tested fo;o la~val p~ai'erences., five a~a 

wall krmwn host plants of f.• ~ljiJ!'lSi£Wlt• All these Five host plants. 

viz. cabbag~ caullflouer.11 knol khol. musta:J:"d and .raddish exhibited 

same iaruel responses. tn all tmss host plants., the lai'Val bsha­

vioui' is obse~tod to ba in th~ao distinct phaaes. The first phase,, 

is that tho larva mooes to tho ei te whe~a the host plant 9 a disc is 

located and bag1ng to v touch 0 it.. Tho second phasG follcws immadie­

tslv afteJ? touching,. ~e~e the lal;"voo •attack' ~e lear disc ~Y ita 

antorlor pat-ts and tho third phaso .f'Qllous by whict,a the larva starts 
\ 

0 fat'}ding" o~ 'chemlng• ·at the disc \11gall0usly,1, generally without 

cossaticn till 1t la satiatod.~ 

In eoae of no~host leaf cU.sc. viz. Pea,. Beatroot, Potato 

and Lettuce, a. dlff;e.,ent type of larval bahavlou!' ~ obsorvad. In 

all these bahaviourGl ~aaponses0, the larva exhibited only tha f.'ust 

phaSt;l of action, i.e. to.uch!rag. WhUe t:tta other rosponses are tlOt 

.pezofol'mGd by At. Onlv in case of Lettuce (\;lty9§. !Qdi.;..a L.) ~t ia 

ob~oi'Usd that ths socond phase i.o. attactd.ng, is perfcl'mSd but it . ' 

d.cs.a not last long as sean in p~efs~l!'ad hosts planta. In Pea . 

(PJ.aum satiuum L)~ Boot!'Cvt (9Gt.a uulsarle l) end Potato (Solanum 

tuboJ>oaum L) only tha fi~t phaoo of' bohavicur ie obsewed. Af'te1r 

"touching' the larua wotl'oat fgocm the leaf> disc of those plants. 
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Bahauloural respcnscaa of t1 (last) stage larvae _of ,e. bgssipaul 
(L,.) to var1oua plant'O• 

= , 
=· 

= 1 u r 1 • 

PLAroTS TtST£0: 
= J . ; 2 =.2=•: = : 

.Cabbaga 
(fl:r.qsslca olo~acea uar ~· capi t:ate L.) 

·· Caul1flowa.r 
(S~ oleracea uar. bot~ytie L.) 
~ - I - :: 

. ~nol khol 
(!o' ~l.eragg.a val:'. s,ongylodes L.) 

·Pfusta,d 

(B:. campest1r1a uar. sat:sun Prain) - ... 

Raddlan 
(~nhanus setiuu~ l.) 
~- J f =c ···--= .. 

Pea 

(Pisum =s=at ..... l ... u.-um-.~ L.) ---
Soet ro.ot 

(Deta u;ul51ai'i~ L .• ) 

Potato 
{Solanum tuberosum t. •) 

Castor 
(Ricinus communis t. .• ) 

Let.tuee 

(latuca indicq_l.) 

• = po:aitive r:asponso 

; . . I ..,.. 

I ~ . . I 

f TOUCHlr~G ! ATTACKING f F'~£DING 

+ 

+ .. 
+ • 

• + ... 

+ .. 
• 

+ -
- -
+ + .. 

• = negative rea.pons,~, · 



on Casto~ (Rlcinw c~un!~) l.aaf diac f.~om among all the 

plants1J Mgatiue .-asponso was exhibited by the la~a of f.•bga§&s,a!l• . 

Rasul ts of prefeNnce teste among uarioua hast plants of tha 

la:rvae of . .e.~ bEffll§!lcg (t..) I'Ovesled that even within accepted food 

Plenta •. there exist e dit'f~rential f'eadlng prefarsnca among them as 

Shawn in r.lge 9 o 

Uarlou$ chalco ta~ts wars cQnducted and ~esul ts a how that 

the larvae of P!9.&ti. b.~t1, exhibited a s$ries of host plant 

PI'Sferonce in e ·'cho!e.a' altuetion. 

Tests,. using hoat' plants.1t. viz. cabbage~. cauliflouar and 

lm.t$t.al'd• indicate that tha larvae Pl'tlferred to f'ead on mustard 

primarily. But givert a cholco,.. the second most ptaforrad plant ia 

cauliif'lowar and last i:a cabbage. 

In testa. where host plants~. viz. cabhage. caull·f'lomer and , 

knol khol are p~snnt, a. high percentage. or larva a choosas to ·feed 

on caulifloma~ fi~t,.. Ulhieh a lowar parcantaga f'GSd on knol khol 

and tha least on cabbage. 

lihan cabbage• mustard and knol khol tiJere taflted,. maxiraum 

number ot' larvae p.-efa'r~ad . to.· fs~d on mustard •. Minimum ·nur.1bor of 

lal'Vae faa~ on ·knol fchol and cabbagg•·. 
'I· 

ln tha othe~ tests. ft'lUSt.ard (]uas tmSt preferred by a ·maxi• 

mum .numbsJr 1lf larvae~· Altho~ in cauliflower, the numtmr is not 

very less than utaen ®mParsd to knol khol. · 

Ot~r tests shOllJ that: in raddiah, there is a high percentage 

of larvae feeding~. whi~s in caulifloumr als.o prefaranee is· not low. 

but ln case of' .cabbage a very lttw numbor of larvae are ·faading. 



flg• 9 Percerttage of .f• ~,I§UJSlcae. la~vae feeding on a 

cettain host plunt•s dise in variou$ 'Arena. 

Choice Test' axpa~imants. 
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The othal' tesc-·tavaal~d that on mustard thora occut-s a 

high parcanta99 o¥ larvae tmding. than on raddish and knol kh:Ol• 

Raddlsh WEilS QbSOl'lled to bo the most prsfs~I'Sd host plant. 

dua to a high percentage of J:arv-ae feeding• whilo on cabbage also 

a uery high numbatr of' larvae .are fooding in comparison to knol 

khol as 1'9Vealed by choice tests. 

Other teats. show that in raddlsh and caul! flower there 

·.exist an equal numbs~ of lar\lao feeding on them,. but on knol khol .· 

tho nUmber· ia quite .low •. 

In all preference axp9riments conducted on the laroae of 

· !!• b;assicft2, · mustard prOves· to oo the most Pl'9ferred plant in a 

'choice • situation,. where sOI'lle oP the h"st ,ianta are also p~esent. 

Cau11flaUD• and raddlsh are elao ~11 prefermd 1 than' tha otha&­

host plants. viz. cabbag? and knol khol. 

Effects of anemleals on tha f'eedlnC! behaviour .of P. brassicaa .(L ) • 
..... 111 I CO iJ.. l ¢ ... 

Active foeding ~ast stage larvae or .!!• · !'!£aas!.wm. (L) are 

exposed to many t ypea of chefilical$ prasant in the· sap of' . the host 

plant~. e. wsslsaa being an .oligophagous f,eader. is faced with 

many ·such plant chsmicals which· tends t·o inhibit or promote its 

feeding~ 

'·'·'··· t.noraanic salts., . - Ql ... \ 

Ten inorganic c;hem~~l compounds havabean tested with re­
gard to their ability to ·inhibit or promote feeding in the actively 

feeding last stage larvae of !!• bqsstMa (L). Ths various behaviou-
.. \ . 

ral responses.~. axhibit(;d by a larva whan fed on certai~ host lear .• 

due in adminis~tat.ton of a k110wn inol'ganic salt .•. is. recorded in 

Table•10~1:. 



Bsbavi~ural l'Qsponses of faadlng Vth (last) stage larvae of 
e_. !}&EJ!1,t;a (l.) towardS various Ofganic chemical&. 

-· u d 

.I flEGUR_ciT AT I;G • • I -· CESSATI.Oi'J 
'INORGAl\JIC SALTS r~otm.G 

1 c2. n 
e I • • J 

Sodium acotate • + * + + + • + • + 

.Sodium.ntt1:ate .. • .. .. .. - - - - -
Di·Sodlum hyd~ogen 

phosphate + + .... + ... + + • .. -
Ammcnlum_Chlo~ida .. • + • + + + • .,.. -
ammonium Sulphate • .. + • +· • -+ • .. .. 
Csctnium_ acetate • + • • + ... + + .... + 

Potassium 1'111.t.rato + + • + + + + ... + + 

Lead Acetate + • • • + + .. + + •• 
Magnesium Sulphate + ... .. • + • + •• + + 

Ranganous Sul.phate .. -· + + + + • + + + 

c1 = Cabbage (Brassica oleracea vasr. capitata L.) 

c2 = Cauliflowor (!_. oleracaa var. b.oteyt~~ l.) 

f-1 ·=. ~-lustard (a. campastris va.r. sarson .P!"ain) - . 

• Q po&.l tive ~es-ponse 
- =-negative respons.a 

• -
• 

-.. 
+ 

+ 

+ 

+ 

+ 

1Z1 

or 
il • ' 

... 

-
-
-.. 
-0> 

+ 

• 
• 
+ 
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Six ino~~anic sal.ts ·tasted out nf t.en, exhibited 1nh1blt·owy 

. 
et'Pect:a on the feeding larva of f.• .f1ta~ml.Sf1ft•· Sod!- acE)tate-, . ·Cad-

mium acetate, .. Potassium nitrate. Lead aeetate., magnesium sulphate 

and Aan9enotls sUlphate. ,exhibitQd intense inhibitol'y responsa·s on 
.. 

the feQding la~va. Regurgitating of sall."a, is follousd by another 

phase of behavioural response,. i .• e. escaping. After there tmc ~as· 

ponsea.0. thtlJ>fl 1s cessation of' feeding,. Ulhich lasted for longaao 

pe~lo_d and the larva awJ.tch cuar to anothar part of tha host leaf' 

whete there GMist a 'fJ:aS cheaic-al zo.no' • 

Sodium ·.nitrate •. lead to regurgitation only tllhen larua is fsd: 

. on laar adn11n1ate~ad with it. The- ·other. responses, escaping and 

· · · ces·sation of' f'eodtng of' tha larva al"e .~ot observed •. 

When d.l•Sodium hydrogen phosphate is . administa~ad to tho 
. . . 

aite of' activ·o feeding by a la!'Va,. its ~h.aviou.ral !'esponses con-
. . 

sista of two phas.s~ only., ~egurgitattnn and escaping. The third 

phasa of response is no-t obsarvad. the larvae continuas to feed 

undisturbed· l'he S£lm9 observation has been mads, uhen ammonium 

chloride· and ammonium sulphate era tasted. 

3.l.4. Water.· soluble £ino-aCids. 
· ' ill b I I I I 

· ·Twalva U~Stero soluble amino acidS havs bean s-creened to assess 

their ability to inbib1~ or .Promot.e t'aading in tha last stage larvae 
. . . . 

of' E.• kta~~\QJJA (L) •. aahavioural· responses exhibited by a larva 

feeding on a.ce~tain ttost plant leaf'. tfua t.o,the administration of 

a kno~ amtno_,acld 1G ~aeo.-dad !:n T~le-10.2. 

Amongst all water soluble am~no acids tasted• 'only 01 .. 

methionine and glycine does not o:Chib1ted any sign of provoking in· 

the larva dult'ing feeding on aalected host plants. Thera is no ro'gur­

git.attn~ escaping or cassation .of feeding responses in tha feeding 

lQcvae. 



123 

T88U: • 1Q,.t 

Bt:Jhavlotil'al responses at feeding V {last) staga laruaG o.f ~lf;!W 
b£~;as1si& (L•) towards watet soluble ~~tlC) a·ci.dS-•· 

AMINO ACIDS 

• L4 I 

Dl•alsnlne· 
L•al'gtnlns mono­
hydrochlot!de 

. ' . 

REGURGITATING i £.SCAPlNG 
t 

• • •· - - -
+ +. + - - - -

t l CESS AT lOr~ O·F' FE£• 
. DlrJG 

g -
•· - • • 
+ • + • 

l•hydl:oxy prollno + + + + 
+ + 

+ + 

-· •. + + •• • 
l•leuclna 
Dl ... 1soleuc1 n~ 
Ol•B•ph:enylal,.a­
nino 

· .. Jilycine 
L•prolina 

.... ' 

'L•n'.c:;.r ina 
Dl~ttb·oonine 
Ol.;..ue!ino 

.;;}l;.6ethion1.ne 

.. + .. . 
·• - - -
+ + .... + 

• + + • 

• + - - ...... 

- - ·- - .. ... 
• ~ + + .. -

• + + ... + + 

-·- -- .. 0 

- - - - + • 
- - - - + •. 
+ .. + + + + - •. - -- - - - ·• 

-
•· 

+ 

-
+ 

+ 
+ 

-

--
+ 

-
+ 
+ 
+ 

-
c1 = Cabbage (Brasoica olor:acea var. capitata lo) 

c2 ::: ·caul.tnowar. (!,• oleracoa uar. ,botrytis L .) 
r4 = Musta.-d (!•· S£!mpestr!S uar. sarson Prain •. ) 
~~ =? Knnl khol (!•· olot-acca var-. · ga~gXl~d.~ L .• ) 

-.·@ = ·negative rgsponses 
_,.e = positive respo.nses 



When Dl•elarllna io admin!atered on tha fending. site,. the 

lar~a ~to.acta ·bv ngu»gitating. onl.Y• but escaping and cassation ·or. 
feeding 1s not inhibited. Th.e same behavioural responses have been 

obsal'Uad when L•lauc1ne is administered on the f.eading el te. 

Ra1J1:,rgitat1ng and ceasatlon of fasdlng. have bean obsal'ved 

in the feeding larva,, when l•.arg1nine moMhydJ"ochlorid9•- t.-hydfl7XV 

· prol,i,na,. t.pro11ne and Ol•valine is admlnistel'Sd on tha .feeding 

,site on all aeceptad host plants. £scaptn9 behauiolJ1' is not obsar• 

uad. wttan tha~e amino acids ara tested. 

!:Jhan Ot ... taoleuc.ine is adtnin!stered on the feeding site .• rego 
.. 

urgitating and escaPing mspon$as hava baan observed in the actively 

chewing l~rva of 1!• !U:-§as&cae_. whan it feedS ~n any of 1 ts accepted 

food plants. After' a ~mhort· period of relaxation. the larva a·tarts 

chewing again on the same part or the host leaf -aa if undisturbed. 

£\to tegurgitating reaction have bean observed in the active 
' . 

faed larva oi' f.·· tu:a~ac~. when Dl-fleta-phsnylalanine ia. aJ?P~iad 

to the site of t'aadlng_on all 1ta.hoat plants. Intense response of 

escaping and cassation oP reading is ohsewad instead. 

t:.han l•ae:-J.na 1s applied to tho feeding sites of' the larva 

·Of f.• ~a9Jti;tiE9 no ragu~gitating and ancaping reactions are exhl• 

bited,. when fed on a-ny ~f' the accepted host plants. But theRe is 

cessation of' feeding f!or .a very long period and the larva doas not 

sometimes •. feed at all. 

All threo phases of behavioural responses have bean observed 

in the la!'Va of £• b;;MaJ.c&· ~~3~ regurgitating, escaping and cess­

ation of' f'eetflng.. v..hsn D.l--tthr-eonJ.ne is administered on tha feeding 

site of the lal!Va• on all accepted host plants. 



3.J.s. 9.uin\9 i&:&U•-
_roul' organic acida haue been tested with regard to their 

sbllttv to promote o~ · 1~1bit ... foeding in the last staga larvas . 

of e.~ ·b&fe~JL). Bahau~oural .lteactions and responses .of _the· 

fooding larua,. when fad on ·a ce:rrtaln host plant l.aa:f'lt due to tha 

administ~ation of a known or~ic acid ia rocnrded in Tabla-10.3. 

Ascorbic .acid• doea not inhi.bit .the feeding of the chewing . -·· .. 
larv~ •. since regurgitating., esca~ing and cassation a_f fesding res­

ppnoos a~e n,tJt. exhibited~ This is obsal'ved on all accepted host 

plartt·Sl .• 

t.Jhen ·citric aeid is applied to the feeding site of the larva. 

Ulhila chsl.lli119 on any of .the host plants,. violent regU!'gitating re-. ' .. ' ' . 

action .i.s o~served. This also han been obseTVsd ullen succinic acid . 

is adminlstera·d on the feediilg sit~ of' the larua~ Escaping and 

cassation of. f'oading doe~ nnt occur., 

Oxalic a~!d51 inhibited feadi~g in the larvae of ~· b.£ijSAiCU.::J 

when administered o.n the feeding si ta.s. Regurgitating and escaping 

responses are ·obsorved mhic'h we!l'o 'followed by ·a long phase of fee• 
'' ) ' . ' . . ' . . 

ding ce.ss.ation .•. This is obse~ed on all. hoot plants •. 

3.3.~6• Sugar(). 

Ten ·sugars have been ~craened to asses~ theil' ability to 

suppress or promote feeding in the last lal"Val stagG of f.• tv£assw!l 

faed.!~g on J.ts accepted host plants. Sahavioural ·rnsponses tourards 

thes:e sugars, by the larva of' f• b~~ te recorded in Tabla-10.3. 

Glucose' when applied on the ·faading site of' the _actively . , ' . . 

chewing larva· of' f.• S&aesicwt generate intense' regurgitating res­

ponses*, but the other behauioural phases are not obs.arvod .. The 
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US!;£ -10;.3 

Behaviousral, l'eapcmsoa. of reeding \1 {last): stage 1.al'Ve9 of £.1~ 
-~leg~ (L.) toward$ , vat'10taa o~ganic acicro and sugars. 

•• 
CH£M!CJ\L COMPOlJfilOS 

1\9CO)"b;f.c acid 
Citric acid 
Oxalic acid 
Succinic acid· 

Oc.glucose· 

Suctoaa 
Galactoete 
Dextrose 
Maltose 
Xylose 
Ribo:se 

Rhamnose 

Mannose 
Arabinose 

'~£GURGlT J\TlNG I. 
11

(SCAPI~G I J 1 CESSATIO~irf;£01NG 
• c1 c2 .~ K : c1; c2 . M K . f c

1 
c

2 
M . K 

J ~ . . ' I 

- - .. ~ - .. - .. - -- .. > • 
• • + + • CliO .. - - - - -
• + + • • + + + + + + + 

• + + • .,10 • - ... - -· - -
.;; + + • - - - ... - - .. -
+ + <4' + - - - - - CD - -
•• 110 • .. -- -- - .. - -... + • + - - - 0 - - - -
+ + + + .. .. - ·• + + • ... 
+ + • .. - - - - • • + + 

• + • + - - .. - + •• + • 
+ .... + + - - - 0 -- - -
+ + ... + -· • - •· + + + + 

• + • + - • - - - ... ... -
c, = Cabb~ge (Brassica oleracaa var.. capitate t. 
c 2 = Caullflowor <!• ole:racsa uar. batr:xt1~ L.) 
M = Plustard {~. c.a;tJfl!S\~i.s va:r. ~larson Prain) 
K o K110l khol (!_., oleracaa va~. gonsxlodsa L.) 

• == Post tlva ~sponsa 
• = f~egat1ue rea.ponsa 
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larva cham 1t$ fOt)d actively as if undisturbed. Th.ls is elso obsri~ 

vad whan daxtrose:• t-hamiose~, sucrose an~ arabinose ·~ adminlstei'ad 

on the foodtng site o~ the la"'~~ · o.n all accepted host plants •. 

ReguJrgitatlng. and cassation of feedi:ng reopnnses habo been 

observed ln ·tha larvae of f• Jll"A~i!f#m. (L) 1!1\en maltoaG iS applied 

to !ts feeding sito., on B!'Y accepted host plants. Escaping ~eaction 

ls not obsarusd. These &'GSJlOFl$GS havo also boon recorded in tha 

actiya fea'ding f... b411U!..MQ. (L)· larva&,. whan xylose. l'iboas and 

mannosa wal'9 adminiat.al'ed t.o its tseding site. 

rrom· amongst all sugars taatad •. only galactose does no~ 

1nblblt tha feeding of. f· ws.s.t,ea laruaa.. Thia is obsarued when 

it is applied tQ the f'~,9ding sites of' the larvae on all host plants.. 

3.3,.? •. Ouieosltlonal prefal'{3nca~ 

!· w~ (l) adult$ ja., known to oviposit only on plants 

whose tiasuetl contal·n mustard oU glycasf.das· or.) glucoainolates. 

Thazafore •. all host .plants accepted by tha adults fol' oviposition 

and larvae fort faedi.~g are contain these spacial class of' secondary 

s~.tancas. which &'ra apscific to c~c!fe.rae. 

Adults of !!• b,g,s.ai;ea.a. a hom ouiposi tiona! variation totuard 

th.alr eccaptad host pl.ants even if all of them belong to cruciferee, 

the.ratore., containing gluc.os.lnolate:a. nv~posltlonal praf'erance of 

!!• twm~lsaa. adults in net house conditions, towar-ds their food 

plants d1ffa~ed from one host plant to another (rlguro 10-B). 

Genarallyo, 1•2 day old !.~ vematsa.~ adults show no sign of 

ovipositional behaviour unless ~.eleased in the field. Under net 

house condi tiona. 1 t !s obsarved that amongst all boat plants tested 

for o.vipnsition, c·aullflomal' (B~assi.eae ola~a~aa uar •. ~ntl'ytl~ 'L .) 
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·pr.oues to be ths most prefer:l'ed. Uariaus ten day experiman.ts 

exhibited that from tha third till the tanth day,,. maximum cauli•. 

fl.o.user Plants are ov.i.p.os1tect., 

Raddlsh (!len~ s~ L.) f~om amongst the host plants· 

tested prooos· to be ths least prefe~t:ed host ·ro~ oviposition by 

adults of !• l\CMS!sim•· \lory few raddish plants we~e obseNed to 

contain egg batchas~ 

In cabbaga (!• oleracea uar. q~itataj L.) it is ·obss.rued 

that uniform ·oviposition exists fttom. the second to ths sight day of. 

the experimental period •. Egg batches. were also uniform in nuinber •. 

This UJas also observed in case of kno:l khol (e. oloracea var., aongv-
- iii -1 

l,oda~. L.). allera oviposition existed t~:om second to the eight day. 

Oviposition of> f.• br€ils§J!t'ifi adults in ceae of mus·tard 

(!• sampeattl,Sj var. ~uson P~ain),. st~rted from the third day of 

th.ai:r exposure to host pl.anta. Oviposition. on mU9tard existed t-111 

tha sixth day. but somotima on the eight day al.eo, adults still lay 

eggs on large numbel' of mustard plants. Tho number of egg batch as 

wal"e not la~go as obas:rued in other "oat plants. 

ln the ninth and tenth day or ·the experimental period •. ovipo­

sition by adulta or f• 'lmss,ip.e.g is "agligiblo as in the first day. 

Random oviposition occurs and egg batcttas were observed on caulio. 

flower only. 

The resulting ovipositional profsi'enca tCUJard9 theil" hast 

plants as obsatved in f.• bfBJS~ (L) cauld be classified as foll• 

QUJS : cauliflower > cabba9Q or knol khol > mustal'd ~ I' add ish-• 

tnvill'O"''Dental f~ctors like humidity and temperature do not 

fluct\.."a'te much during the experimental period as observed (F'ig.'IO.A). 



fig. ,0 (A) Daily fluc\uatlon of temperature and hwnicU.t.y. 

(8) Percentage ct different host pla.nts ovlp&'ISlted 

per day by .f• bpssica,o adults J.n nat house condition. 
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-3 .• 4. DlSCUSSlON 

Insects depend to a large eatant on thai r ch.emosansory 

syst:am to locate thair t..oOd sources, oviposition sites and mating 

partners. Tna behavioural phy~iologist seeks to explain animal 

behaviour· patt.erns· ln term-s· of phya1olog1cal processes, and actlvl• 

ties. Here., tha oeruo:ua· system att~acts spacial attention in auch 

analy·sea .• In Paiel!~ !;a£isftl.Sii§ (L) emphasis had bean given to ante­

nna!. and maxilla~y ~E.Jcepto~ whlc;h effect the naruo.us $ystem and 
' ' I ~ • ' 1 • ~ • 1 • 

. ' 

lead to .lntr1cato mach,an1s~• involved in plant. p~~erance in the 
' . . . . . . ' ' 

larvoo or ov1posltlonal nolact.on in adults. 

Tha larval at.agas or· !!• ·~·S<m (L) show. discrimination in 

·tha:ctt.o!ee·.of' a> plan' on which to' food. The ·investigation reveel.s 

· that· tha lai'Vae could e~lly ·dlff'e~ntiate batuson host and no~. 

host planta. The chsm.lcal. sans£) well developed in these la.ruas ar:a 
• • ... '>. • • ' • • 

' . . 

unm.let~ably inuolood not only .111 guiding thom to, their. heat plants,, 
. . .. ). " ' ' ' .' ., . ' .·. . ' . 

but als4 in d1scrim1nat:1ng heat i'eom no~oat. ·plants. Sehoonhot~an 
• • • ' • • • ·, •• 0 • \ 

(1972b) specified the location of these chaml.cal recept_ors on the 
' 

antennae and some on tht;J mouth parts,. as it is with f.• ftQasJ,ca 

and other. lepi dopt,etous in9.ects • ·. ' ~ . 

A pari ·f~m belng abla to discriminate hogt f ~m non-ho9t 
. ',. ' • 1 • 

' ' ' 

pla"ts .• the .!• kliJ§UI&eaa (L) -la.ruaa ~auld .a.lso select_ivaly differ-
• • • . • ' •. l . . 

' . 
on~iate beturoe" uarious accep~able host plants. Arena eho1co · tests 

experiments lndi..cated that tha feeding laruaa .sel~tiuely choose a 

single ht)st plal'lt Pt-om :among the l"f!9.t of the ·a.c;c.QPtable host range 

for feeding. Mus.tard .(!~ _cam.psstris var• Sarson· Ptain) as :obS91':Uad 
' . ' 

by ·'cho!ea' ·teats is tm· most pamf>ar~ad host plant. for. :tha feeding 
' . . 

l~rvoo of 1!•: f!nsei9.Wl• Tha larval p~afarence· could bs classified as 

mU.stard more preferred than cauliflowor or reddish and cauliflower 
. . . 

Ol' ~addish mora praf'-~ed than knol khol or cabbage. 
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Arana •cho!ce t~t'· o~ps!'imants prov~d tha~ muat.ard is tha 

most p1'9f'a·r~ed host Plant f'or·larval ·feeding,. unds~ such close 

circumatancas,. which is inttica.tlva that mun:tard contai-ns mora glu-
. . 

coainola~as than oth9~ host _plants. ln all obseruat1ona, eut leaves 

m.ers used which as a tresult l~.ad to production of mora volatUa 

glycosldas dua to cutting. Thssa volatile compounds produced,. 

triggered -the ssnsorv SY$ter.J· of the larva to react to them., hence, 

resulting to selection of"· that particular source from ullere thass 

tlsignals 0 originate., · 

Tha analyses of environmental cues which elicit behavioural 

rosponsas 1n animals has revealed that often a .stimulus situation 

is charaoterlzod by o.na or a few simple. factors. Tha· concept of 

sign stimuli Qt' key stimuli has also been applied to the analysis 

o¥ feeding behaviour of lnsac~a {Tinbergan,. 1951J £1bl.-Eibesfeld', 

1970),. Saneiti\fe ·cells pmsent in the mt)Uth pal"tS of the larva or 
f.• tne;ms¥;ifb unich pet'Ca.ived .:tha volatile glycoside,. generate a 

cal'tsin pattei'n of .nerva impulses which are transmitted to· the 

brain. T!'ansiation of thase massages then lead to induc~ion of fe.a­

ding, if' other physiological 'factor does not interfere i,n the pro­

cess. Host plants having low content of suchvalatila_substancas do 

not generally~ thex-af'ora, generate feading behaviour. 

· :Chamoreceptora. o·f inaeqts~,. in general, are located on several 

st~atsgic parts of the bndy~ · Tha antennae bear olf"act·ory receptors. 

but al9'0 contact chamo.raceptora. Gustatory receptors as well as 

olfactory. a~ also located on various mouth parts in many insect 

spe.cics• a9 eatahlishad by m~phologic9 electrophy.aiologic and 

behaviouJ?al mathods. ·Distinction batwaen olract.ory and gustatory 

receptors mada on.·· ma.rphologic base:s are not absolute. Sensory phy• 

siologlsts,. ta'k.tn·g ad\tantage ot' the specific ~action insects show 



'o scm$ ch.e~cala a~ low eol'lCentreUon1 have in several casas 

successfully lo,cated the 1"9captor.s involved. 

ln cass of 2.• flli§Si&%Q; (t..). the la~vaa process specific 
. . . 

taste cella for sugars •. amlnQ acids.- sal;t9 and mus.tard oll glyco-

aldna (Schoonbotten~. 1969)•: which togather translate the chemical 

composition of ita host plants tnto nerve impulses leading to 

feedlng behau1our .• 

Jn e.~ 9&1\spd.~,., among all salts -tested,. acatates of lead. 

sodium and cadmium and sulphatas of magnesium and manganese a~a 

obsarved to have deterrent prope1rtlas. Other salt possessing similar 

property is potas~lum nitrate~ All these salts detet-red larval fee­

ding and :the larvae l'esponse agg~rassluely to them. Salts having , 

Slight detterrent ~ffects On a~· IU:a9SiC§lEt lal"VaB SI'"S ammonium SUl• 

phata, ammonium chloride and di•sodium hydrogen phosphate. Nitrate 

of sodium is obsel'Ue,d to have, least dat tarent effect on the feeding 

of' f• &malcag larvae .•. 

toppaf sulphate ions at 0.004 ·rn cnncantl'ation1 datert'01f fee-, 

ding. in the larvae of f.• btfiS§iSAA. (Sehoonhoven and Jormy, 1917). 

Calcium ions Por \lnstanca.. reduce the sansiti vi ty of sugar testo 

cal::J.s ln e_. bE§.is~ larvae and by this effect depress food uptake 

(Ma1, 19"12). 

~1ost amlno acid& tas:ted prove to possess feeding detel'rent 

a¥.fects on the larvas· of e.~ !u~ass&f!Wl• L•arginine. L-hydroxyptolina. 

Dl..Setaphonylal·amina,: l4!!:Prolina• t.-se2ine, Dl•th!'eonine and l-·va1ina 

f~ amongst the wat.el" soluble aminG ac1d9 tasted• pOSS99S slight 

to vary high deterrent p.H.pertles on the fee-ding larvae. 01-alanim~, 
• J· ·~ --....,_ 

L•leucine. 01•1soleuc1na, glycine and 01-mathionine are, ob~arved tu 

stimulate f'aeding ln .e,. Sf!aaJ.s• la.JM#aa. Qycina and Dl""methionine 



ara rama~kably sttmlilatlng the. foe ding behauiou~ of tha larvae. 

but other amino acids ahoiD losse-r stimulating effect. P-:roline 

enhances. foa.d .i·ntake in f.•· bras,s,iQa..'i' {rlla •. 1969) •. as wall as othaJ' 

amino acids (Schoonhov:an.-. 1969b) but marf<ad eff'act have been 

.obae.Ved with le.uc1na and ia~leucine .• Similar affects have bean· 

described in othar lepidopte~us .insects as UJ9ll... Glycine and 01- · 

mothlonine pgamote la~rval feedJ.n.g, but ,no repo-rts are. available 

relating to f.• lu;§SftiCNla• 

· .As.cr0b1~ · acid is ob~omd to stimulate f'eading in the larvae 

o.f e_., bgg;s,a&ue.-. ~tle ·cit~ic acid and succinic acid exert lesser 

stimulatory .etfect:a: •. Oxalic .acid only.,. f'rqm among the organic acids 

tasted ~roved to possess detenent p!'oparties • 
• 

. . 
l"hamnosa and erabinoae e:chlbi·ted stimulatory effects on the feeding 

of !!•· f.Wmsiga~ lar.vaa." Galactose show ue~y high stJ.mulatlng effect. 
. '. '• 

t-1altosa. Xyloae• 'i:boae and mennose show vary h~gh f'eedin~ dete~1:.snt 

·activity on f• !J,ms,ai£M,·larvaa. Suc~GSo .•. is the best known. phagos­

tlmulant. in cas a of P .• , bras sic® (Schoo,hoven• 1977a) .• Behavlour~l . . . . . - . . ' . 

ob~aruatlons ~ue:aled that a a·ucroae Jt&ceptor ia p~esant in all 

lepidoptoi'Ous speetes... Glucoas lf.ka sucl'ose s-timulated larval f'aa­

ding in .f• .tn:a,ssit;eF&t which indicated that a glucose recaptor is 
also ·Present ~n thas·a larvae. Glucose J"aceptors are also ravealed 

by behavioural and electrophysiol_ogi.cal tests in case of' other 

lap~doptara. viz •. Phllosamia · c~ntria (Diu) and Bombxx ·mo•l (Ishikawa 

.G ~- 1969). 

· But as such,. salts., sugars and ami'no acids singly do not 

af'foet· the feeding b:Elhaviour of f..• !1-mftaisatt larvae. Comb~nad 

effects 63¥. many J.ntaracting ions may haue greater dater.l'ent or 
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stimulatory action on 1!• f!f.i9stCJm. la~ae, as obsa.~ved in ethel' 

insects •. Dethie~ and Kuch (1,9?1) proved that sucrose receptdl" 

l'a~ponasa mav ba 1ncl'aas.Q by the pl'esenca of some amino acids 

uSlera~ salts dactaase t·he R$aotton of this 1'9captttY •. ·stn.ig~irt., a 

mus-ta'rd oll glucoside., stimulating e .cenain Jl'e:ceptor cell, when · . 
tastsd alOfl9 doas not poaltival y affect f1lod intake in !·~roaai~ega 

larvaeo; but comb1113d with sue~ it atnn9ly promoted larval faa­

ding act.ivlty .• , mtth'in a papisa1blo concentration range. (S~tmonho-

van~: 19?6b).. Thus· acme amino ecid9 also,., may enhance or decrease 

the reaction. to sugar or . to su~ar alcohols e. g. inositol , and some 

salts (Oethitu· .• 197t; 1972). In many casas sodium and copper salts• 
. ' . '· 

It is .gsnaJ:ally obsarvsd that .t·he cttamose1_1So.ry system of' an 

insect varies in its sonsiti.uity bncauaa of a number of' facto~s 
: - . .. . - ' 

which as, a reec~lt• affect its ·ganar~l feeding behaviour •. Age and 

faading history have been att&-ibutad as fac~·ors .contri':»uting towards 
. . . . ·. ~ 

var1~la ehemosenso~y .-espGnses and behaviour. o·thel' f'actora like 

affect of food starvation or.· daprlv~tion.- adaptation rata to taste 

and !onio concentrat1cn,. and most o t' all individual variability do 
' I \, • ~ 

· af'fact the insect''' a g9~ral baha':'iouP,. espaciall y ~ood uptake. 

These are the few factors ubich are .,es~nsible ~or faed~ng beha-

v .lour., but othe~ factol's.. such as chemical and physical .should also 

ba present a.imult:anaQ:usly to en.su~a no~mal Gf~dlng. 

· I'n PlaJ:"ld butta~flies . .,, adUlts lay eggs and lanas feed only 

on plants containi1_1.g gluc.onieol.ates ot. mustard aU glucosideo., but 

nt)t all glucosino'lete cont~ning plants · suppt:Jrt larval development 

of these buttal'·fll.ea (Bowcra.,.,. 1971.; Chew~ 1977.~ ,.979; Slansky and 

F'aany. 19:?7). MatU.l':S femal~ Of ~1@£1~ bgas,l'1aA ha~a must choose 

seloct1uely for a host plant on which to. lay eggs to enable larval 
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dsuelopment and ·complet-e life cycle .• , Apart fl"Om choosing crucifel'aa 

plants, ~avi1f PJMM b,qssiQiW. butterfliss also prefer plants or 

leaves of plants,, containing no .conepec1fic aggs or larvae for ovi• 

position (Roths.child and Sehoonhovan. 1977}:., ainee thai'S is evidence 

that a volatUa deterrent associated with thair eggs,, which is . ' 

detected by tha approaching gravid female .buttetfl Y• 

Net house ov.1pca4t1o_n expa.r1ments conducted and field obae,._ 

vatlons on P. brnas1cae adults,. show that 'f"emales highly PJ:af'er 
- I .-.;;;; I• 

' ' 

caul~flower (th~a~ei:CsEt olaracsa var. b.otryti~ l...) Plant$ for ovi:PJ>-

sltion,, in tha presancs of other accepted t'ood plants •. Cabbage 
' . 

(B .. oleracaa uar. cae.itatq L~) and k~ol khol (B. oleracea var. 
- .. ,· r ' -

SOffilvlodes L) ora lass. prof!arred than cauliflower• Mustard (~. ~ 
. ,1 • ' 

eostri~ var. sarson PJrain) .is least prefeJ'~ad and Raddish (~aphanus 

satiuua L) J.a last in the choice of' oviposition plants by ~.br:asslcae. 

Therefore:~ ev.on amongs.t accepted host plants,; there exi$t e l'ange 

of pref'Grence for oviposition by the adult female P. brassicae -
butte~rfl.y .• 

Certain factors like <ai%9 of the plant leaf'~ i tEl physical 

cba:racterist1cs and colour ·ma~ play an important I'Ole ln att~actJ.ng 

,e. tu;a!WM butt·Gl"fllas _foJ; ovtpos.1t1c:m.,. other than chemical cuas 

atblbuted~ Cauliflomer laavea among all host planta.9 ftava certain 

physical chat~te»ist.ics which pa~it the adult females to choose 

ttmm as ouipo-eition sites~~ Theil' aizes s~te large . ., with a largal' leaf 

araa for the young lar:vaa t~ feed an~ complete developmant. The 

plant size is conspicuously la~ge. mlth a l~ge area for proctuctlo:n 

of volatile oviposition attractants. wh1ch mav· attract the females 

to oviposit. Cabbage and knol khol havo these characteristics• but 

leas in mustard and laarit l.n .J'addish.,. The colour of tha lear is very 

into.nsely 91r9en in catilif'lot!19!',. but tha colour decrQasas .. as obserlied 



in othat h:ost plants.· This 19 anotho~ charact.ai-1stlc which leads 

to ita pgafatenc_o. by the g~au1d fsmalea .. .All thaae physical chal'ac­

terlstlcs in tha ho~t PlE~nts contributed to adult pref'erettca ro~ 

o-viposition in f.~; l}.Us.sigoo.. (llsej 1937; Terofal• 1965; Lundgren, 

197'SJ Bohan and Schoun·houan, 1918) ao wall as in f..• tapm (L.(flttl~f'­

and Irwin., 19.79} .• 

In case or· raddi.sh {!1~ a,a!J.uHA,} dense presenee of epidermal 

haira. may' bo an obstruct !en t~ egg laying ttv .e,.,! wssie,.a~: hanee. 
'. . ' ' . . .• 

it J,;s ni)t. _J)raf:er'#e~~ Cases of, ouipOsitional mistakes ha~e bean also 

rsportad on ottwr: lep1dopt~oua +meets., Ulhen females ovlpos1 tQon. · 
' . 

plants tox~c .. to ~heir -lal"Vas ~r on plants too s.mall to suppqrt f'u.ll .. 

larval dausl"pm~nt (.Oathlar., 1'959; Straatman •. 1962.; Sevastnpoulo:•· 

1964; 'lloUUJe9,,, 196&; tihito •.. 19?4;. etre-UJ~; 19??; 1978; 1979; s1n99r 

and fiandr~~h~a.. 1 99.2) ., 

Ouipnslt-lon dater.rent aasociated with ?r~ss has been al$6, 

reported ln .T.&\pbPQlt..tsia, U (Ranut~c:k and Radke•; 1'9~0),. thla factor: 

may 'also opa~rate ''" f'la!d conditions ln e,.- ws.e.tpwu. especially in 
. . . ' 

Pl-ants mllSra rras·a is present.~· Oviposition is ··not obsai'Vad i.n host 
' • 1 . 

·plants mhere la.rvaa pr,e.sant• Oviposi~io·n is no.t observed in host 

Plants t!llore la!"Vao is feeding· and Uihara ever there is frass coll·· 

action at the ·basJe of the pl,fitnt.~:· In· o:ttta~r. butterflies,=_' .size and aga 

of host plant_ do Qll<illfy in· o"ipoaitional choica (Courtney •. 1992; · 

C.oUl't·n~.v and Cc~tnay.;,1982) .• host .plant distributiqn (Sharp ~.1 ~. 

'1974; Mackay and Sin(}etr•c 198·2) ·and oth~.r ecological determinants· 

(Singer., 1982;. Holdlfen and. Ebi-lich._!' 1?92) ~. 

' . 
A·s J.t is generally known8~;·diff'erGnt lnse~t spacies have 

dJ,ffarant feeding habits. Thm question arises u.ttathQr these dif'fer­

encea aro ·dug to dl:,farent decisions take-n by the brain after 
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roco1vlng information f.rom chemo:receptors, Which haua common char­

actarletics 1n dlVferent i·nstlct ·or alternatively• uhether the 

different species are equi~Pad: with dlf'faron~ receptor s:ystems •. It 

is also known that insects show pronounced individual variations 

mith regard to feeding behaviour, this faatu.re again points to tho 

fact that they tare known for their plasticity which identify them 

The fact thet feeding bo'hau1our and ovipositional st.rat&gy 

can b.e ·modified by axperiemca..,. opens naw e~perimantal approaches in 

the artaly~as of phyaiol·ogy cf' learning in invertebrates. The ref~ 

tlonahip betwaan behaviour and phyaiological pt<ocssees. a-n alumst 

unuxp.lored field in the domain .of insect nutrition., offers new 

lights into the Yunctlonal coherence o.f' the organism. 

In view or tha fact that different .insscts have different 

chemosensory sys~sms, with their 1nterapsc1 Pic d1 fforencss 1n the 

dagree af' tolel!'anc:a towards var!otm plant chemicals• thoro could be 

no way out to f'i.nd a link ba·twoon molscular ·$tructure of a compound 

and its feeding deterrent capacity, hence the de.slgn of. feeding 

deterrent 19 not possiblo. They haua to bo sought at by empirical 
... 

mathods •. Sines polyphagous spacies tqlerate a wide range of plant 

compounds, poasibility of finding deterrents is more in oligophag:oua 

O'nBS:•' Pest insects aM generally oligophagous ln habit• thus may 

appaav to be susceptible to feeding deterrents •. 
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lnooct plant i"91at1onsh1p J.n egJr8ocessystamn does not dl,f?aw 

much f~om non.ag1'ciacosyetog9 when vlsW9d from population dvnamlcso 

feeding behaviour and eeologlcel s.fficiancy paramete~. Pie11id 

butterflias atudiod S.n relat.ion to thsir cl'Ucitarso hcot plants 

exhibltod that., population dvnamico of oggs,. laruse and adults 

dspand 1ar90ly an ths pQpulat!on of thslr host plants ospeeJ.elly 

in cultivated ecosystems. Population dynamics of butte~flles is 

dlroctlv related ·to tho dans.lty of ttwi~r host plants ~nrl to a groa-
, . 

te~ oxtent . .,. tha dynamics ot' host plan'ts also.0 is dopandent on thsi~ 

phytophsgnus eoneuma.~a. Apart from reducing the affective ~~otosyna­

~hatle a~ea of tho host plants \hereby atfecting its ganeral growth, 

: insects play a rola in changing various biochem1cal system in· 

the1J? hoatso This 1a ,.-ocipuocated by plants tomai"d9 tholr phytopha­

goua consumers •. which could b3 seen in their changing lifo cyclea., 

variablo grt)UJth and affecting bahauiouJI' in ganaral. 

P. brasaicoo and P. ·nap! montana Vanity, both voracious 
.. ._ I 

cruc!?s&-ous lGaf fsedo~>s show that their 11 f'a cvclo duration f'ro·m 

tho egg stage till adult emorgsnca9 doponds on their host plants t-o 

a large extent. ln theoo spocles atudi.ed, only the l.orval forms are 

rsst~1ct1ng fol' fond to their crueJ.fernus hosts .. He nco. an· st'f'active 

changa ~n tha larval life span lead to e resulting chnnga in ts'leir 

total lifo du1'ation. Goth the spectas studied vary ln theil" l!fo 

duration accordinQ.lY whsn thay al!'n rearad on dltf'erent hosts. Thia 

is one of the mamJ eeaaa whsr3 tfle host plants plated a dramatic 

role in a-agulat!ng thG 11:Vo cyelea of' tho phytophagous 1nsocta ufllch 

feed o·n them• 

rJot cnly lif'a cycle of the species considet-od is afPectod by 
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val"loua hust planta, bUt olso growth and behavtoul' in ganaral. 

~" a carte.t11 host . .$9 ,prefarrsd fo·l" f-aadlng by tho lenroea of' 

those butta~flios •. consumption follOut and tha rasul t is Gxhibitod 

ln: ~UJth. Henes- gr~JJth• to a graa~ extent.~ is gouerna1 by tha 

·htu~t plant em t!Jhlch ttro 1aroaa p~!ma,J.,ly feed. f.• !?.&~S\a,\t;~ lawao 

show a variation !:n consumption and oromth patte~rns ~en Pod on 

uarious host pl:anto ~leta ~:asul to in their dlt'f>orsnt efficlanciea 

of conversion. 

Uol'ec!.ous f'aodsr~ l!ko the larv:aa of !.• ~o~Ai,ga.s (\.~) and 

to a _lesser QXtant,. f.•. nffil mentfm~ tlsnity~ ditGetly oliminata thtall' 

pl'.af'GI'l'ed ~at plants by thai~ intonse feeding bnhavlou~. !t is 

ObSGJ'Ued t.~·t f.• b,l"i~Sli§O !aWOO COftSUm3d more food than f.• !l§nl 
. ' 

montane• Opar:t ;l!'cm t,hia differancs., ttm~e a1"9 also othors by which 
. . . . . . . ' 

these tUD spsclss dinttngulshed ths€i4Salues as pest and non-petlt 

1nsectso foe fU.:e~$lgg& lay lalt'go num:bar of e ggg and the lat'tlal don­

sitv ia much ·,hlghar th.en f.~ ~3e,1 f'llOntana_, henco the domaga dono to 
' . 

tho host plants (Plate-2t,o) is much mora by ttta1r larvae. Anothel' 

f'eodJ.ng bGhoViOU~ .d£ f.fetence which is observed in tho field is that 
. . '. .. 

gt"Owiog lnrvoe of e,.. 4£aasic.£ f'ood sp~c1f'ically on the loai' rna!'gin 
I • • • ' l 

(Plats-1 r) tt while f'..• DJm.! UR!ltJl!l{l doos not do so (Plato-1£). This 

may ba due to host tQxtura1 . qUality ·and ehomical composi·tion. 

Apart f'imm .insacta regulat.lng tho populetio_n of' thoiJr host 

plants,, lifG eyclo duration and growth., vica vo::se, many othor oco­

loglcel paeamstors 1n the environment like temperatura and ·hua1d1ty 

also play dynaroic.,oloa i" S(Jch act1v!t1es.· 

~11c studylitg tha ·lifo cycle duration of' e· b,rmss&caa, and 

.f!•· ?aR,i~ mo"tQP£ ottsal'\fations hove been ma(b · that th~ra a~ paras!~ 

to1® paraaitia!ng their larval stag;:ls •. •lp!!ntele.~ glomer:atyD (L) 1s 
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casa of !• nap\ 9l'n.ta~~ tho petasit'Old ts not vat identif'!od 

(.Pl~to-1 Go:»). Tha$s parasltc'lda apatlt f>2om growth r9duclng fun~ 

tlon ln tho bost ·lawaa~ do plso l'eQUlate the population dynamic!) 

of botb larval ond adu.l t stagaa or theso bu-tterflies. 

In case of ~·· bwasaicao lal'Vas~: lt la eae.n that ual"ious 

knomn chm:licel compound9 tGStad dO aPf'ect thsir feeding bohoo!cur. 

in al~ h~t plant s:olactod• fhaso corJpounds may also be prosont in · 

va~ing amounts in tho host plants or f.• brassicaa larvaes but do 
.. ' . . 

net gsnal'ally_ effect t.heil!' reodlng behaviour in natural conditions. 

Larvae o·r £.• bt'aos!.oa,2 ohou a range of pt'9f'Granca f'~ r~ 
' . 

ding ovon among e!'UCifercus plant' vatlsti.os~ mhich indicate that 
.. 

·ras1atanco has al~ady deualcf)ed amon1J them tomasrds tha damage tt~mo 
- . 

by lai'V~l fQading~ Thi.o pm~tronca tll39· also sean oven in ouipositing 

fomala butte!'Vllea. The planto r:oalstanco tomarda phytophagous co.~ 

aum.srs 1s ·a well knoon phenomenon in natura •. 

P4t' brassieae (t..) ba1n~ ·a post in agro'ocosy~tema tlho~e lal'ge - . . . 
. ' 

cultivatlcn of csnmi-ta~ous c%ops oxist.,. honco its control l!l uaey 

much essential~ P~ _na_. n ... i ... montana is QGOal!ally ®sawed to ba a non-
~ ... -=- e-. 

past lnsact itt .aueh ac'09·ystoma. t:ontlt't3l oi' !'. b~am.licae has baen .· ' ~ 

tl'iGd employing ueriOU9 methods like biologit:alt- using pa1"3Si tes 

and pothoganic b3Ctar.ia (Craighton et al, 19'70; Ashby,, 1974; Rataul, 
•. ---

1915.; Tatohell.#· 198t}. ,Parasito!ds ttavo also boon of'fu~tlve in 

cont.~!, of the la~•oo o? thls species (lal and Chandt-a• 19?6;. 

Aoisy.oyeua$ 1980) in field and laboratory conditions. 

Ap·art f'rom th~ cont~ol mathods uti11~ad., other b!o.loglcal 

control ayateL'l$ have a1s.a boon employad as;mc!ally resistance bree­

ding th~ough garwt·i.c manipul~tt-on o? p;-~ferred host pla-nts (Dickson 

ond tckanJt·c~,, 1990) ~ 
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in e,.. UQ.aQ. (L) uar.loua methods oP cont.:ol \US!l'e used fct 

~educing ito papulation by employing pathO!JORf)e pawa~ita:s and 

chemicals (Oemps·teir,., 1967~ 1968; Sol!Glan d.~· 1970.; Park~~ st. &\lJ. 
1'9?1; 91eue1t and Wiltd.nson, 1978; end Lavin Q!i. aA,. 1~1 ). 

Slnco the invoattgatf.on en allY past insect is usually basic 

to Mure u~a•stonding Qf 1 ts biology and contnl... sovaral ideas 

could ba utilised f~m such kf1Dwlodgs. As saon in caso of' 

e. wssjg_aoa- 9(il\19~al methadn of' control could also be used aspaci.-
. . 

ally in agroocosystoms. Tha first and most feasibl!3 method 1:1 by 

using parasites. Since in br:tth. the species o-r butterflies l~rual 

ParaaltiaatJ.on. !o vouy specif'ic by epec1fic organisms i·.·o. Hyr.~anop­

toran.s; mass culture of such parasi~a mill ba required and thai~ 

release in the field .resulting in population daclino in adult butt­

e_.fliss. Hence to soma extant control the damago done by the larvae 

to field "ops. 

. . 
Another methGd would also bo mentioned hel!'e• that 1$p a 

detailed. studv of ntt..OClf.'n variation (liat,aon~> 1981), in tha host 

plant ua~iatias rnh!ch lod to prsfawred lePuel foed!ng and a blcette­

m1ca1 method to alto.~ this change. rU.troggn fartllize%'9 could ba 

saployed ln variable amounts to eruciferous fialdo so QS to create 

n1t.-ogen tluetuations !n host planta1. thereby creating a bottleneck 

eft'ect on larval f~dingJ . sines fl.W..~ spp. st,udi.ed ~acta violently 

to nitrogen diffazrancas in thei11 hoat plants. fhis could bo achlavod 
. , ' . 

only by ext.ra loading or- subtracting of nitRogen co-ntaining Ve:&-t111-

zers before applying,. hut simultaneously tha yield should not bo 

af'fected. 

Flixud culture of' -d1ffarant cruci rerous plant varieties could 

alao be ernployed a!t on.~ of the ellntt:ol m.thooo, Since adult butte~ 

tl!a.a of ,!!.~ SttP• oviposit sol~cti"Joly on thaj.1: ht»st plants. 
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fhst'sf'oro, •.. mtntocul~urs shatAd nnt bo enooura99d boc~usa only ono 

.plant ua~iety is aff'·acto~. hanee ttm damego to mo~ th~n ln mlxed 

cuJ;tUI'O• 

nnothe~ mst~ s..o. doplng of' •·traea• olama-nta. llko cadmlun, 

cobalt. -manganese etc. in tha:J.r c:omplax salt form" togetho~ wlth 
i 

·fortill2ors as ttt.sv a'l'a baing employed simultanaous1y in thG field •. 

mav have dra~tic affect on lar.val Vead1ng of' thoaa P.terls bUttor­

f'Ues_, when thGS~ 10119 a~ ollaec.atod in tho sap of tho. host plant. 

leaf:.. C?lc$;um and coppo'r salts can also bo uood a;a ·they dats~red 

larval feeding 1rt loru eoncantt!'ation ut1on ·pl'~sant 1n th:s sop. lhasa 

Salts COuld b13 O dops• in COtnmOn fartili~9!S UOOd and at the 93ffi9 

timet yield, and tox!eity side! eff'nets should bn ta~!an into account. 

Tho above mentioned methods of ccntrml, lf' taken into occ­

ount, may not affect lai'Val f'eedl:ng o&- adult .ovipesi tion in gsnoral• 

but irt cartai.·n cases may PROW to b3 dJ!'aatle• ulhan ·fertility" oti-i• 

paa·ition. s:-aproduction, gane~al life span and ·growth al'e eons~.ctarod• 

without neglecting the anv1ronmant of tha eeoeystom ln part!cul~o 

In cnnelusio~,, it ean bo said that tho evolutionary path of 

ths phytophagous _insect has no·t been an oa9V one.; pollen taeding 

often caemD t-o rop~osent 1 tho ,first otap' and f'asdlng in or on 

foliago is a fuU suc'cosa. Ralotivel y f'aw o~dara have achieved thts, 

althcuQh_ those th:at have. does rs.apad a rich ·f'nward• both in numba~ 

of species and oftan in abundance of individuals .. 'Plants have res­

ponded to insect attac~.fl· and thu!3 inssets .and c.tlento must bo uiomod 

as tt!JO co-evolu1n4}t coopotlng and oPton mutually dopandent blocha­

mical systoms.: tha bolanco betwaon them is o¥-tan vary delicate and 

ool·atAoolv small b!oehemical changes ~V have larga seclogic.ml 

affects. 
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