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SUMMÀRY

The performance of LEgÞê lggggg Walker was investigated in

relation to the influence of nitrogen and phenolic components presenÈ in

its food plants, using fresh and synthetic diets. The seasonal and annual

in Eucalyptus ="tnelclulgns i s, a good foodvarLation of these comPonents

ptant, for Ut lugens, was also

the hypothesis that nitrogen

phytophagous Ínsects, but maY

examined. This was done in order to test

is normally a limiting nutrient for

become more available when its food plant

is subjected to "lùater

instars and therefore a

stresstr, leading to increased survival of early

population increase or "outbreaktr.

Lar vae fed water sÈressed E. camaldulensís were potentially more

fecund, although survival did not increase. For artificial diets

incorporaÈing leaf powder of either good (E: g,egellglgggig) or poor

(E, pfa!1pgs) food plants, the amino acids proline and valine increased

Iarval performance compared with the respective base diets. Ilowevert

although proline concentrations varied markedly in E. camaldulensis

foliage, valine concentraÈions remaj-ned relaÈively constant throughout

the study period.

The najor inftuencing factor on the performance of U" lggens was

the phenol quercetin, which decreased nitrogen assimilation to a much

greater degree than other phenols studied (caffeic acid, chlorogenic acid

and gat-lic acid).

In Èhe food plant E. camaldulensis total niÈrogen and phenols

its maximum level inv¡ere negatively correlated.

early spring and declineil to

TotaI nitrogen reached

its minimum in winter but total phenols
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reached maximum levels in winter and minimum levels in early

spring.The variation of individual amino acids in E'

foliage was also examined.

camaldul-ensis

The results of this study are discussed in relation to existing

hypotheses on insect host / plant inÈerrelaÈj-ons and population dynamics

ând an alternative hypothesis is proposed.
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Insect / host p.Lant reTations -

LÍterature Review.

1.1 INTROÐUCTION.

Although insects are well known to be amongst the most abundant

and successful of terresÈriaI anirnals, the evolutionary path of the

phytophagous insect species has not been an easy one. Less than a third

of insectan evolutionary pathways have achj-eved the ability to feed on

the Spermatophyta (Southwood, 1973). DeÈhier Ã982) said:

' nÀs primary producersf green plants are the synthesizers and

bankers of biochemical wealth. Herbivores are the have notst the

pillagers of this biochemical wealth."

This characterises well the relationship beÈween the

phytophagous insect and its food plant.

The insect/planÈ relationship may essentially be considered in

terms of shelter, food and transport. Pl.anÈs provide food and,/or shelter

for insects, while the rnobility of insects has led to the plantrs

dependence on Ínsects for the transport of pollen and propagules. In

utiÌizing green plants for food and shelter insects have had to overcome

a number of problems: (a) survivíng the extremes of temperature and

dessication; (b) attachment to, and penetration ofr what may be a tough,

waxy, hairy or spiny surface; (c) locating a particular plant specíes

amongst a great variety on which Èhe insect cannot survive and (d)

ingestion, consumption and digestion of a food source which may be



suboptimal for nutritional or other reasons (SouÈhwood' 1973).

In this revíew on insect/pì-ant, relations Èhe latter two

"evolutionary hurdles", host selection and the provision of adequate

nutrition¡ especially the role of nitrogenr will be considered with

emphasis on the physiology of the plant and its relationship to the

growth and survival of insecÈ leaf feeders.

2

some

Most adult insects are able to select their own diets, but many

thelarval forms are Ínfluenced by the choice of food plant made by

ovipositing female. Such larvae however, in common wiÈh those that

experience a greater or lesser degree of foraging are none-the-Iess

endowed with the ability to identify a preferred diet. I'lhereas this

ability may serve no apparent purpose in the more sedentary forms, it is

as critical to free foraging larvae as to resultant dispersing adults.

This is especialJ.y true in cases where the female may not oviposit on the

food plant (Erlich and Raven, L964) directly but in its vicinity.

Some species may oviposit in the vicinity of t.he preferred host

(eg. Eclropís excursaria Guen6e) and others, such as some Hepialidae and

Hisperiinae, eject eggs into space. Even in the situation where an

ovipositing adult selects the food plant of its offspring, the larvae may

still select actual feeding sites upon it or, in instances where the

plant has been damaged or consumed by the time the eggs hatch, another

plant must be found. ff young are dislodged from thej-r food they again

must have the abiliÈy to find another food plant or perish. Thus

recognition and selecÈÍon of food plants and feeding siÈes is a function

of the parent and the offspring (Dethier, l-959).
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while vision, phototaxisr geotaxis and hygrotaxis all rnay play

parts in directing insects to their oviposition and feeding siùes, the

ultimate forces working at close range and operating in the final

recognition of preferred plants are largely chemical'

1.2 ITOST PLANT SELECTION: an historical persPective.

record

plant

It is usually assumed Èhat, the firsÈ insects, whose fossil

starts in the Carboniferous era (Smart and Hughes, 1973), t¿tere not

feeders but were saprophagotls (Iiving on dead organic matter), the

ability

evolved

to deal \Àtith the greater problems of feeding on green plants

Iater. The chemicals which enabled these insects to detect Èheir

decomposing plant food were probably metabolites such as carbon dioxide'

ammonia based compound.s, alcohols and acíds. These chemicafs are

generally related to

associaÈed with the

respiration, fermentation and chernical breakdown

decornposition of organic matter, and the insects

soil or leaf litter. The move fromresponding Èo them probably lived in

saprophagy to plant feeding is

occurred several times anil is

a fundanenÈal. step, one which probably

still actively debated in the literature

(Smart and Hughes, L9'13¡ Swain, 1978).

Harbourne (L977 ) stated that most plants are toxic. Tt had long

been recognised that insects discriminate as to their host plants. One

species of plant is not utilized by all phytophagous insects just as one

phytophagous insect does not utitize all species of plants. Approaching

the explanaÈion Èo this phenomena Stahl (1888) suggested that a myriad of

diverse boÈanical compounds, the metabolic functions of which were
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obscure, probably affordeä an" planÈrs protect,ion agai.nst attack by

enemies. The earliest experimental evidence that compounds of this nafure

(often called secondary ptant compounds) pì-ayed this role was by

VerschaffelÈ (1910) who investigated the effect of mustard oil glycosides

on the accePtance

P. brassicae (L. ).

and consumPtion of food Plants by Pieris raPae

Èhese compoundsthat

(t. ) and

l,Vgf eIt is interesting to note

insecÈ feeding rather thanfound to stimulate preventing herbivorY as

originally Postulated.

verschaffeltrs work directed the line of research for the next

fifty or so years in Èhe investigation of biochemical cues or token

stimuli (secondary plant compounds of no nuÈritive value) for host

selection (Dethier, ]-94]-11953; Thorsteinson, 1953, 1955' 1958 b;

Fraenkel, 1959 a and b¡ Fraenkel et al, 1960; Nayar anC Fraenkelr L9632

Nayar and Thorsteinson, 1963; Chambis and Jones, L966; Davíd and

Gardiner , Lg66). The presence of token stimuli lvere considered the major

means by which insects chose their food plants despite a review by

Dethier (1954) which discussed the guestion of ¿hether host plant

selection was guided by token stimuli or perception of plants that

contained a satisfactory compliment of nutrients. secondary plant

compounds are qften characteristic of botanical groupings and include

particular glycosides, alkaloids, flavonoids and terpenes. Fraenkel (1959

b) argued that many secondary plant substances which noq¡ encourage

feeding by particular insects are in fact evolved by plants to resist

insect attack; insect races adâpted to such compounds no\{ accept thern as

recognition stimuli"
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The emphasis thus far in host selection research had been on the

role of feeding sÈimulanÈs. Jermy (1954rL966) and Thorsteinson (1960)

placed the attractive and sÈirnulatory features of plant chemicals in

balanced perspective by also directing attention to the importance of

repellents and deterrents in host selecÈion. Therefore since this early

period the direction of research has changed toward an emphasis on

deterrents with a consequent neglect of volatile attractive stimuli, and

from individual token stimuli to the idea that a complex of compounds is

invoLved in this recognition process (Thorsteinson, l-958 a and b¡

Schoonhoven, 1968rL982¡ Dethier, L97O, L974¡ ÀIfaro, et aI l-980).

parallel to the study of token strmuli as phytoch.emical cures for

insect host selection, existed the hypothesis that the perception of

nutritionally adequate food is more important in the selection of host

plants. Discussion and evidence for Èhis hypothesis is scant, however it

is considered to some degree by Painter (1953) and Kennedy (1953), and

disputed by Lipke and Fraenkel (1956). Kennedy and Painter emphasised the

fact that the favoured host plant is not *"t"tll something fed on, it is

something lived on and in this respect looked at t,he possible role in the

variation of the host plantrs physiology and. the influence of this on the

performance and the fecundity of the insect. Examples were drawn from

work with èBÞig EgÞgg Scop. where it was observed that female aphids

settled and fed on leaves which prodrrced a greater number of young

(Kennedy l-953) and pea aphids ({gg¡ggiplgq glgf (Kltb.)) which produced

more progeny on flowering branches than vegetative branches of alfalfa

plants (Fainter, 1953).
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In the same lighÈ Fennah (1953) considered the influence of

environmental variations i-ncluding soil fertilit.y and water status on the

plantrs physiotogy and thus the carbohydraÈe and amino-nitrogen contenÈ

of the leaves. This was brought inÈo perspective with the incidence of

homopterans on their host plants and fluctuations in insect population.

Unlike Fraenkel (1953, 1-959 a) who expounded that al-l plants provided an

adequate suppl-y of nutrients to the insect, Fennah implj-ed Èhat plants

may vary in their nutritional complì-ment and rnay not be nutritionaly

adequate at all times. This idea could be supported by I{ittwer and

Haseman (L946) who found that thrips preferred spinach plants grown on a

nutrient high in nitrogen.

Àpart from such general approaches to the quesLion of the role

of nutrients in host selection, very little work had been done on the

influence of individual nutrient,s on insecÈ feeding behaviour.

Thorsteinson (1953) found that certain nutrienÈs enhanced the

phagostimulatory

acid and sucrose

effecÈ of token stimuli and laÈer reported that ascorbic

diverse specj-es of insectsinduced feeding in several

(Thorsteinson, 1958 a).

Tl¡e use of artificial diets and electrophysiological studies

played a major.role in the investigation of nutrients as feeding

stimulants (Davis, 1968; Schoonhovenr 1968, ]-973¡ Vanderzant, L974), f.ot

exarnple sucrose has been demonstrated to be a phagostimulant for rnany

phytophagous insects (Beck, 1956; Ito, 1960; ttlittler and Dadd,

L96311964,1965; Heron, 1965¡ Hsiao and Fraenkel, 1968; Cook, L977¡

Hatfield et al , L982). Variations in the concentration of sucrose in the

diet has been found to influence the insectrs response



(lhorsteinSo¡rr 1960; I{siao and Fraenkel,

Hatfield et al, 1982). Insect feeding is

7

1968¡ Cobbinah et al t L9822

proportional t,o the

to a point where the the insectrs

increase in the concentration of

the diet up

any further

concentration of sucrose in

feeding response Peaks

sucrose having little

response declines.

with

D

andLoegsle llsEelglle (L.) (cook, t977)r the spruce budworm

effecÈ until at some higher level the feeding

Electrophysiological studies have revealed the presence of a

sucrose receptor in att lepidopteran larvae investigated (Schoonhoven,

1973). The sugars glucose and fructose however are not consistent as

phagosÈimulants

L977 ¡ Cobbinah

Other

but may often act synergistically with sucrose (llouse,

et al ' ]-9g2).

nutrients have also been found to act as phagostimulants

for insects: for exarnple phospholipids (Thorsteinson and Nayar, 1963¡

Hsiao and Fraenkel, 1968); sterols, ascorbic acid and B vitamins

(Thorsteinson, 196C: Beck, 1965)¡ and arnino acids (Àuclair et alt L957i

Auclair, L963¡ Beck and Hanec, 1958; Davís, 1965; Ilsiao and Fraenkel,

L96A¡ Schoonhoven, L969¡ Cook, L977¡

and aminobutyric

Hatfield et al, L982; Sivastava et

al, 1983). Alanine acid have been found Èo stimulate

feeding in pea aphids (Sivastava

(Beck and Hanec, 1958) and Eig=ig

et al, 1983), the EuroPean corn borer

bfgggiqag (Schoonhoven, 1969). Proline

has been shown to stimulate feeding in brassicae (Schoonhoven, 1969),

c4olig!ggegre fumiferana (CIem.) (Heron, 1965), however it inhibits

feeding in the

1983). Often an

combination of

pea aphid Àcyrthosiphon plsuB (Harris) (Srivastava et al,

insectrs feeding resPonse is inÈensified by the

several amino acids (Davis. L965) or by combining these
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with sone other substances such as sucrose (Mittler and Dadd, 1964¡

Heron, 1965), or phosphate buffer (aobins et aI, 1965).

phytophagous insects thus obtain detailed. inforrnation about

their food (Schoonhoven, 1968, t973¡ van Emden t L97t ). The complete

complimenÈ of a plantrs chemistry may be involyed in an inseetrs

seLection of a host ptant. Kennedy and Boothrs (1951)

idual discrimination theory" proposed that the sensory stimuti for insect

feeding reponses were not solely plant secondary substances but included

universal substances of fundamentaL nuÈritional importance to planÈs and

insecÈs atiker or at least token stimulj- physiologically associated with

universal subsÈances. This theory was based on the observation Èhat

insects may discriminate not only between plant species but also within a

species (see also l{illians et al, 1983). Therefore it is evident that in

a chemical context- host selection depends on both Èhe stimulatory or

deterrent effect of secondary plant substances and the quantitative

balance of a plantrs nutritive constituents.

1.3 NUTRTTION.

House (1966 a, 1969) and Gordon (1959) pointed out that the

nutritional superiority of a food depends on its nutrient balance, that

is, the proportion of nutritionalty important substances in the food with

respect to the proportíons required by the insect. This is also supported

by the work of Vanderzant (1963). Many phytophagous insects have adapted

to their host ptanÈ and their

The optimum amino

composition over many millrons of

generations. acid rnixture for the pink bollworm,
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pectiqophora gossypigllg corresponds closely to thaÈ of cotton protein

(Vand.erzant, 1958) and the content of essential amino acids in the bud

anther of cotton is simitar to the amino acid content of the boll weevil

ånthonomug S3ggig graggiq (Boheman) (Lindig et aI, 1980). Nevertheless

many problems of balance remain. Methionine, an amino acid relatively

scarce in plants (Lord, l-968; Boyd, 1970), is an essential dietary

requirement for most insects. The waÈer soluble B-vitamins, especially

thiamine, riboflavinr nicotinic acid, folic acid., pyridoxine, pantothenic

acid, inositol, choline and biotin are also essential for insects (Dadd,

1963; Gothilf and Wait,es, 1968; Àuclair, L969¡ House' 1969), however

plant tissues differ greatly in the quantitaÈive and qualitative

represenÈation of these substances (l,ord, 1968). Other studies have shown

that differences in the relative concentrations of amíno acids and

glucose found between varieties of peas correlate with resistance to the

pea aphid ågylghgglpÞog pisgg (Harr. ) (Àuclair et al, 1957; Maltais and

Auclair, 1957).

It is also evident from th'e literature that different species of

demonstrated by theinsects have different nutrient requirements. This is

investigations into amino aci-d nutrition reviewed by Chen (1966).

fnvestigatíons

are known to be

have revealed that the ten "essenÈia1" arnino acids which

necessary for growÈh of mammals are also essential for

Kasting and

These amino

insecÈs (Lipke and Fraenkel¡ 1956¡ Singh and Brownt L957¡

McGinnis, 1958, L962¡ Kasting et, al t L962t

acids are: arginine, histidine, isoleucine,

House, L962).

leucine, lysine, methionine,

phenytalanine, threonine, tryptophan and valine. However some exceptions

have been noted. For example, tyrosine ís essential for
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Myzgg pgEglggg

glycine (Hinton

Èhreonine are not required ¡V glallglg sggggigg

see Gordon, 1959).

Thus it is seen from the extensive work

(Sulzer) (Strong and Sakamot-o, 1963); Drosopþila needs

et al' 1951)¡ while methionine, phenylalanine and

(L. ) (House, L949 i and

of House

(1965rL966rL969.L977) and others that nutrient requirements differ subtly

from one species 'to the next, and that. many insects, but not all (see

Chew, 1980), eat the food most suited to Lheir requirements.

1959) suggestedAs discussed earlier, Fraenkel (1953t that green

insects.leaves are excellent sources of atl food materials required by

Mittlerrs (1953) stud.ies on aphid excretion,

arnino acids and amides ingested by Èhe aphids

excess of the aphidrs requirements, supporÈed

suggesting thaÈ the free

from phloem sap v¡ere in

this view. However Gordon

(1961) alrd Schoonhoven (1969) suggested that host pJ.ants are often

is supported by the work of Smith

gras shopper MeÌa.ngplgg ggllggggg

wheat when low soil-nitrogen

nr¡tritionally suboptimal. This opinion

and Northcott (1951) who found that the

(Sauss.) faited to develop normally on

levels led to low levels of leaf protein¡ and by Rodriguez (195L) who

demonstrated J'-hat populations of the mite Tetra_nychus bimaculaÈrrs Harvey

Lncreased more rapidty on host plants supplied wíth abundant nutrients.

The fecundity and reproductive rate of {. persícae and Brevicor-yne

brassicae (L. ) were found to be directly correlated with the total

soluble nitrogen present in brussels sprout plants (van Emden, l-966; van

Emden and Bashford, L97L). Later studies have also found that farval

survival¡ growth and adult fecundity increase on host plants hígh in

nitrogen (McCIure¿ L979, 1980¡ Iheagwam¡ 1981¡ Myers and Post, 1981¡
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Rausher, 1981i Tabashnik, J-982). Using artificial diets containing a

hígher lysinc-arginine ratio and higher total amino acid contenÈ than

present in the natural food of the boll weev i1 Ànthonornus sresg!9

grandis, Lindig et aI (1980) found the diets resulted in an increase in

larval survival , growth, oviposition and haÈch. Studying a mangrove

ecosystem Onuf et al (L9?7), found a greater proportion of herbivory and

greater abundance of lepì"dopterans on leaves and buds of, trees growing in

high nutrient sites richer in nitrogen; and Pradham (1971) has related

that the application of nitrogen fertilizers to crops increases their

susceptibility to insect PesÈs.

It therefore appears from such evidence that nitrogen may be a

limiting nutrient for insect growÈh.

1.4 NTTROGEN AS A LIMIÎING NUTRIENT.

In the past decade many studies have exa¡nineil the relationship

between larval growth and plant nitrogen conÈent (see reviews by Mattson,

1980¡ Scriber and Slansky, 1981). Most of these studies supporÈ the view

that nitrogen is a limiting nutrient for larval growth (Slansky and

Feeny, L977¡ Fox and Macau1ey, 1977¡ Lincoln et aIt L982, Tabashnik'

1982), but there are exceptions (Schroeder and Malmer, 19gO).

Plants generally contain

nutrients¡ partì.cular1y proteins

insects (Southwood, L973¡ McNeill

content of a sample of nearly 400

lower concentrations

and their constituent

and Southwood, 1978).

of essential

amino acids, than

The mean protein

trees and shrubsdifferent species of
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ls only 13.4t of

eynthetic diets

more and insects

dry weight

for insects

(Russel1. L947 ) however to be successful,

must contain 258 dry weight of protein or

dry weight proteinconsisÈ approxirnately of 50E

(Southwood, 1973). Therefore obtaining an adequate and balanced intake of

amino acids and proteins from Èhe host plants on which they feed may be a

fínely balanced problem for herbivorous insects.

In considering this problem a number of authors have used a

guantitative nutritional approach (Shroeder, L977; Slansky and Feeny,

L977t Scriber, 1978¡ Schroeder and Malmerrl9EO; Auerbach and Strong¡

1981t Scriber and Slansky,, 1981-; Tabashnik, L9B2). This involves

measuring the amount of food consumed, digested and assimÍlated,

excreted, metabolized and converted into biomass (waldbauer, 1968).

Ànalysis of these measurements reveals how insects respond to ait¡erent

fooils and which food components exert the greatest effects on growth.

The nutritional pararneters and indicies of larval growth are

eummarized here (after Waldbauerr 1968; and Slansky and Feenyt t977).

GR: Growth rate (mg,/day) biomass gained per c1ay.

RGR: Relative growth rate = biomass gained per unit mean larval

rnass per d.ay.

CR: Consumption rate (nglday) food ingested per day.



RCR:

AD:

ECÐ:

ECT:

NCR:

NAR:

NUE:

RNCR:

13

RetaÈive consumption tate = food ingested per unit mean

larval mass per day.

Àpproximate digestibifity or assimilation efficiency (t)

(food ingested - faeces / food, ingested) x 1OO.

Efficiency of conversion of digested. food ( * ) =

(biomass gained / food ingested - faeces) x 1O0

Efficiency of conversion of ingested food (t)

(biornass gaj-ned ,/ food ingested) x 1OO

Nitrogen consumption rate (mg/day) = nitrogen ingested

per d.ay.

Nitrogen accumulation rate (mg/day) = biomass nitrogen

gained per day.

Nitrogen utilj-zation efficiency (s)

gained / nitrogen ingested) x 100.

(biomass nitrogen

Relative nitrogen eonsumption rate = nitrogen ingested per

gram mean larval dry mass per day.

Relative nitrogen accurnulation rate = biomaas nitrogen

gained per gram mean larval dry rnass per day.

RNAR:
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Using quantitative means in studying insect nutrition it becomes

clear that together with \{ater (Scriber, L977tt979¡ Reese and Beck, 1978¡

Scriber and Feeny, L979 ) nitrogen is one of the most limiting nutrient

resources for larval growth (Slansky and Feeny,. L977; Scribert L978¡

Scriber and Slansky, 1981).

Working with fifth insÈar Eierig rapag on a varieÈy of wild ancl

cultivated food. plants¡ Slansky and Feeny (L97'l) found that in general

there was no correlation between plant nitrogen content and larva1 growÈh

rate (GR). Holsever as plant nitrogen content increasedr consumption rate

(CR) declined, and efficiency of conversion of ingested food or gross

growth efficiency (ECI) increased Èogether with an increase in

assimilaÈion efficiency (ÀD). Thus the relatively constant larvaÌ growth

rate on plants with increasing nitrogen contents resulted from

compensation between declining CR and increasing ECI.

Similar findings can be drawn from the results of Taylor and

Bard.iner (1968) working with the chrysomelíd Phaedon cochleariae Fab. and

the tepid.opteran lSlgIIg ggsullpegnis Curtis on turnip and radish. Both

species $rere seen to have a greater CR and AD on older plants with a low

protein content than on younger plants with a higher protein content.

It v¡outd be expected thaÈ compensatory changes of larval CR and

ECI in relation to plant nitrogen content are likely to reflect

compensatory changes at the tevel of nitrogen utilization. Slansky and

Feeny (Ibid.) found that although CR decreased with increasing plant

nÍtrogen t.he rate of consu¡nption of nitrogen (NCR) increased with

increasing plant nitogen content and by contrast nitrogen utiLization
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efficiency (NUE) declined. Therefore P" rapae maíntained a relatively

stable rate of nitrogen accumulation into larval biomass (NAR) due tc the

compensation beÈween NCR and NUE.

The experíments using variati on in nitrogen fertilizaùion of

food plants conducted by SJ-ansky and Feeny (L977 ) showed a si¡nilar

compensation between CR and ECI. Larval growth on the plants with the

highest, dose rates of fertilizer however, ri¡as exceptionaly high together

with high values for ECI and NUE. ThÍs suggests Èhat the higher GR and

NAR of larvae on these plants resulted from an increase in feeding

efficiency, the higher proportion of nitrogen present in the highly

fertilized plants being in a more digestible form than the proportion

typical of t,he other food plants.

Auerbach and Strong (1981) working with several- insect species

from polyphagous to rnorrophagous on a number ofranging

plants

different host

oligophagorrs

rates (RCR) with

with variabte nitrogen contents, found that the

species studied did not vary their relative consumption

increasing nitrogen content in the hosÈ plant . Although AD and ECI were

found to increase on hosts with a higher nitrogen content the nitrogen

utilízatíon efficíency (l,IuE) also increased. Therefore the niÈrogen

aqeumulation rate (NAR) was lower on the low nitrogen hosts which is

reflecÈed in the lower GR observed. Slansky and Feeny (L977 ) concludecl

thaÈ t,he stabilization of growth rates among larvae on dífferent hosÈs is

a consequence, not a

rates. Therefore if

cause, of stabilization of nitrogen accumulation

homeostatic ability to stabilize NAR, they

lower growth rates on loyr-nitrogen hosts¡

probably would have exhibited

E" r.apae larvae were not able to maintain their

as observed by Auerbach and
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Strong (1981) for the oligophagous species studied.

Slansky and. Feenyrs concept that stabilization of ttre nitrogen

accumulation rate is achieved by larvae adjusting their feeding rates,

implies an active process and also concerns the inverse relationship

between gross growth efficiency (EcI) and consumption rate as observed by

other authors (Soo Hoo and Fraenkel, L966t Waldbauert L968). However

Auerbach and Strong (198L) have demonstrated that simi-lar NAR on hosts

with different nitrogen 1eve1s can be fulfílled by other means.

Studying larvae of two monophagous beet,le species with extremely

long life cycles, Auerbach and Strong (198i-) found that for one species

(lgnhalofgig ggggggggitge) there rÀ¡as no difference in consumption rates

or ECI between the low and high nitrogen hosts. NAR remained constant due

to lower nitrogen utilization efficiencies (NUE) on the high nitrogen

plants. Chelobasis pglplgIe did exhibit an inverse relationship between

(RcR) i-ncreased as theCR and ECI, however the relative consumption raÈe

nitrogen of t.he hosÈ plant increased and ECf was seen to decrease.

Therefore the c<¡nstant NAR observed results from 1ow NUEs on the high

nitrogen plants. Auerbaeh and Strong proposed two possible explanations

for this phenornenon. Firstly they suggested that nitrogerrous compounds

such as amino acÍds were functioning as feeding stimulants, high nitrogen

compounds therefore inducing an increase in consumption rate which in

turn resulted in a reduction in ECI. The seccnd explanation mentions the

possibility that other features of the high-nj-trogen plants resulted in

their being Iess efficienÈIy converted to insect biomass by the

monophagous species studied¡ therefore NÀR stabilization could be

achieved only through increaged consumption rates. fn this case the
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higher consumption rates would be a consequence of low growth

efficiencies (ECI).

Insects may therefore compensate for low nitrogen content in

their dieÈ by varying feeding rates and efficiencies of digestion. oÈher

strategies however may also be employed to compensate for low and

changing hosÈ plant nitrogen levels. These are d.iscussed by Mc Neill and

Southwood (1978) and. include; (a) varying feeding sites on the same

plantt (b) movements to different plants¡ (c) modífication in the

physiology of the plant; (d) nitrogen from oÈher sources¡ and (e)

phenological adaptions.

In examining the question of wheLher nitrogen is lirniting in the

natural diet of phytophagous insects, two forrns of variation in nitrogen

content have been considered: (1) variation among dífferent host, plant

species¡ and (2) variation within a host plant species. The stud.y of

Iarval growth in relation to inter specific variation in nitrogen conÈent
I

Vfly'faea much insight into plant-herbivore relationships, but

interpretation of results can be complicated by differences among plant

species other than nitrogen content. For example qualitative differences

among plant species in secondary chemistry may effect larval growth (Soo

Hoo and Fraenkelt 1966; SJ.ansky and Feeny, t977). This issue is moderated

by studying larval growth in relaton to variation in niÈrogen eontenÈ

within a host specie6. Fertilization experirnents have been used to

achieve wide ranges in intraspecific variaÈion of leaf nitrogen content

(Smith and Northcott, L95L¡ Slansky and Feeny. L977; McClurer 1980¡

Àuerbach and Strong; 1981). However as labashnik (L982) pointed. outr the

variations in nitrogen attained t,hrough these fertilization experiments

has
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may be exaggerated

or as mentíoned bY

ín comparison with Èhe range experienced in the field;

Auerbach and Strong ( 1981 ) and SLansky and Feeny

may alter Èhe balance of free(L977), rhe

amino acids

nitrogen fertilizer itself

in the plant which in turn would influence the insect's

feeding behaviour. Another aspect of using nitrogen fertilizer in such

studies is its possible influence on the water content of the plant

(SLansky and Feeny, L977) . Several studies have found that leaf water and

nitrogen content afe positively correlated, and that low leaf v¡ater

content may limit larval growth (Reeset L978; Scriber and Slansky, 1981).

Àddi-tion of high levels of nitrogen fertilizer however, may lead to salt

stress in the treated plants, influencing the nitrogen water balance.

This problem was apparent in Auerbach and Strongrs (1981) work which

mentions the occurrence of salt stress symptoms on the leaves of the

highly fertilized treatments.

Considering Èhese problems Tabashnik (1982) studied the

intraspecific field variation in leaf nitrogen content and its influence

on larval growth using two species of Colias larvae on two species of

legume. The response of ggllÊg larvae to intraspecific variation in leaf

nitrogen content vrere consistent wiÈh the broad interspecific trend that

Iarval growth is positively correlated with leaf nitrogen content

(Slansky and Feeny,i-977¡ Scriber and !'eenyt L979; MatÈsonr 1980¡ Scriber

and Slansky, 1981). Some variaÈion in larval response to different leaf

nitrogen levels did exist however between the differenÈ species on vetch

and alfalfa. For example: larvae fed veÞch showed a strong negative

correlation bet$teen RCR and leaf nitrogen content and a positive

correlation between ECI and leaf nitrogen content¡ corresponding to
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Slansky and Feenyrs (L977 ) findings¡

not alter their consumption rates as

comparible to studies by Schroeder

Strong (1981). Tabashnik concluded,

whereas larvae fed on alfalfa rlid

leaf nitrogen varied, which is

and Malmer (1980) and Àuerbach and

and

Àuerbach and Strong¡ that nitrogen is a

of Colias larvae, even though the two species were fed on

have a high nitrogen content compared to the host plants
{-

as

low nitrogen plants suffer

did Slansky and Fèeny,

limiting nutrient for the growth

legumes which

of most other

consumption rate on low

more feeding damage.

herbivoe
t,

s (see Scriber and Slansky 1981). Schroeder and Malrner (1981),

y¡orking with 34 species of Hymenoptera and LepidopÈera where their larvae

were fed leaves of btack cherryr concluded oÈherwise, stating that Íf

nitrogen is limiting it most likely would be manifested as an imbalance

of required amino acicls.

Àuerbach and Strong (1981) have pointed ouÈ the possibility that

low plant

herbivore

nitrogen content may be a form of plant defence. If an

has equivalent growÈh rates on hosÈs with different foliar

a result of increasing itslevels of nitrogen as

nitrogen plants, then

However in som¿ cases nitrogen content may be too low for any

accumulatione which would result in lower

fecundity. The feeding time must also be

the

stabilization

growth ratesr

consÍdered in

of nitrogen

survival and

relation to a low nitrogen diet since increased feeding

time often represents a period of increased susceptibility Èo parasites

and predators for phytophagous insects (Hassel and Southwood, 1978).

The nitrogen and water content of tree foliage is much lower

than in herbaceous species (Scriber and Feenyt L979; Scriber and Slanskyr

1981). The maximum RGR of larvae confined to mature tree leaves
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(with y¡aÈer generally less than ?Ot and nitrogen usually less than 3t) is

retricted to generatly half that observed for herbaceous plant feeders

(Scriber and Feeny, tg'tg ). fhus it is considered that tree leaves are a

poor substrate for rapid and or efficient growth in comparison to herbs,

due to low AD. Unlike some herb feeders, tree feeders seem limited in

their abiliÈY

1978). Larvae

to feed faster

shrub or tree

to compensate for lor^t AD by Íncreasing RCR

feeding on herbaceous or ephemeral plants

and grow more rapidly than larvae feeding

leaves, taking less time to complete each

or ECD (Scriber,

have been found

on perennial

sÈadium (Scriber

Cates, 1976).anil Feeny ' LgTg) having higher NAE and NAR (Rhoades and

Herbaceous plant feeders appear more efficent at converting food and

nitrogen into biomass (Scriber and Feeny, 1-979).

1.5 rgEprNG EFFICIENCTES OF SPECTALISTS AND GENERÀLISTS.

A number of aut,hors have suggested that herbaceous plant feeders

tend to be moncphagous or oligophagous whereas insect species feeding on

shrub or tree Leaves tend toward polyphagy (Brues, L924; Futuyamar 1976¡

S1ansky, L976¡.Scriber and Feeny, t979). It has been postulated that the

evolutionary gain for dietary specialization is an increase in food use

efficiency (Dethier, L954¡ Gordon, ]-959a Waldbauer, 1968; Krieger et al,

L97L¡ whittaker and Feeny ' tgTt; ) which may be due to an apprecíable

reduction in metabolic costs, for example in tolerating defensive

chemicals present in the food plant (Feeny, L975r. Tests of this

hypothesis hotvever have produced conflicting results. Rhoades and
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Cates (19?6) and Àuerbach and Strong (1981) concluded that the degree of

specialization of a phytophagous insect did influence food use efficency.

Futuyama and htasserman (1981) and. Schroeder (L976, L977) however d.id not

find that feeding specialization resulted in greater efficiencies of

resource utilization (see also Futuyama et al, 1984).

To determine whether efficiency of utilization of a host plant

depends on the degree of feeding specialization, plant. growth form must

also be considered¡ since as previously discussed, evidence suggests that

shrub and tree species are utilized less efficiently than herbaceous or

epherneral planÈs. The question is further complicated by different races

of an insecÈ species which are regionally specialízed on different hosts.

fndividuals from one geographic range may be better adapted Èhan

individuals from another part Èo a particular food species which is

locally abundant or one on which larval survivorship is relaÈively hi-gh

(Brues. L924; GilberÈ and Singer, L975¡ Morrow, L977¡ Hsiao, 1978). Cates

(1981) found that some populaÈions of wÍdely distributed polyphagous

species are more specialized in their diet than hosÈ plant lists would

suggest.

Considering these influences Scriber and Feeny (L979) concluded

that although specialist feeders did appear in some cases to utilize

their host plants more efEiciently, other examples existed where

generalist species see¡ned capable of growth rates comparable to those of

specialist feeders. Therefore larvae of generalist feeding habits are not

necessarily less efficient than species with rnore restricted feeding

habits in exploit.ing many of their food pl4nts. They suggest that the

ñmetabolic load" of detoxifying capacity carried by some generalists
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(Krieger et aI, L97J-¡ Brattsen et aI t I97'l i Schoonhoven and Meerman,

1978) has by itself only a small effecÈ on larval growth raÈes. This view

is supporÈed by both Bernays (1978), who indicated that digestion in

grasshoppers is noÈ reduced by the addition of tannin to the d.iet¡ and

Morrow and Fox (1980) who found that levels of leaf nitrogen rather than

oil content beÈter explained Èhe variation in herbivore growth on

EucalypÈus. Hovrever since generalists are by definition likely to attack

a greater and chemically more diverse range of food plants¿ they are less

likely than speciatists to be equally well adapted to growth on all their

food plants (waldbauer, 1968). It Èherefore follows that individuals of

generalist species are more likely than specialists to occur on plants on

which they are relatively inefficj-ent. The specialized physiological

adaptions to the host in host-specific insects may be the consequence

rather than the cause of host specifiety (Futuyama et al' 1984).

1.6 PLANT ÀPPARENCY OR ESCAPE IN SPACE AND TIME

Rhoades and Cates (L976) and Feeny (t975. L976) have sugtgested

that a general relationship rnay exis+- in nature between the diversity of

mechanical and chemical defences in plant,s (or particuJar plant tissues)

and the "predictabitity and avaÍlabilty" of a plant resource in space and

time (Rhoades, L979). For example Èhe dominant trees of a temperate zone

climax forest are according to Feeny (L975r. "bound to be found" by

insects in ecological time¡ owing to their large sj-zer long life relaÈive

to that of insects, and possibty also as a resuÌt of lower vegetation

dÍversity. These plants are therefore classified as rapparent'.
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Eerbaceous or ephemeral plants however,

comnunity succession, are faster growing

These plants are therefore 1ikely Èo be

characÈeristic of early stages of

and have a shorter life span.

less predicÈable as a food source

and relatively xhard to find'r by herbivores. Relying primarily on escape

in time and space as a defence straÈegy such plants are classified as

nunapparent".

Unapparent plants and plant tissues are normally characterised

by qualitative defences such as those which disrupt, the metabolic

processes of herbivores, and include compounds such as alkaloid.s,

pyrethrins, cardiac Alycosides, cyanogenic alycosides, saponins,

non-protein amino acids and insect hormone analogues (Rhoades and Cates,
\

1-976). These plant toxins are generally present and active in small

quant,iti-es, and are cheap to produce in terms of ¡netobolic cost to Èhe

plant. However the qual-itative plant Èoxins are vulnerable to counter

adaption by insect.s and rnay be used as attractants or sequestered as

defence systems by more specialized herbivores (Fraenkel t L959t 1969¡

Rothschild, L972t Freeland and Janzen, t974¡ Dowd

larvae of the southern

et al, 1983). Scriber

and Feeny (1979) found that army v¡orm grow equally

well on cyanogenic

that can detoxify

and. acyanogenic varieties of theír host plant. Insects

such defence compounds¡ are then influenced by the

nitrogen levels in the food plant (van Emd,en, L972' 1973). Larvae of

monophagous and oligophagous insects tend to prefer young leaf tissues

(Cates, 19BO) even though they are híghest in gualitative defences,

because they are easier to digest and normally contain higher relative

nutrient and water concentrations (Feeny, L976¡ Rhoades and Cates t L976¡

Cates and Rhoades, L977t Scriber and Feeny, 1979). ThÍs view is dieputed
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with good examples of slected feeding induced by antifeed.ants or

unacceptable levels of certain compounds by researchers on pine sawflies

(Ikeda et aÌ , L977 ). Unapparent plants are r-selected, short lived and

coritinually producing new growth or seedsr consequently there is usually

some region of the plant at any one time that contains an ailequate supply

of nÍtrogen for Èhe herbivores. Despite the availability of food during

the growing season of an ephemeral plant (or plant tissue) escape in

space and time would probably be successful against specialist herbivores

since they lack an alternative food source. Specialist herbivores must

allocate time and energy into t,he search for thei-r food plant. Therefore

the more ephemeral the resource the greater v¡ill be the specialist,

herbivores mortality during the search (Chaplinr 1980). This defence

atrategy however would not be effecÈive against generalist herbivores.

Since generalisÈ herbivores are by definition nless highly co-evolved"

with any given hosÈ plant¡ selection pressure would favour a wide

diversity of Èoxic defence chemicals in the ephemeral plant,s (Cates and

Rhoades, 1-977). Therefore the disÈribution of plant defence compounds may

depend on herbivore feeding, pressures (Rhoades and Cates t L976; Cates and

Rhoades. L977 ¡ Rodriguez, L977).

In contrast, apparent plant.s or planÈ tissues are exposed boÈh

ln space and. time; they are long-livecl and grow in associatíon with large

numbers of Èhe same species. Besides general physical defence met.hods

such as hairs, sÍlica and, tough fibrous leaves (Denno and Donnelly, 1981)

an important defence for these plants is the lowering of the levels of

available nitrogen, or making the essential fluslres of nitrogen as short

and unpredictable in time and space as possible (IÍcKey, L974¡ Rhoades and
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Cates, L976¡ Mooney et aI, 19BO). Àpparent resources often contain high

concentrations of dosage dependant quantitative defences such as phenols,

tannins, resins and refractory carbohydraÈes which act within the gut of

the herbivore Èo reduce the availability of plant nuÈrients. Quantitative

defences are thought to be the most difficult for all herbivores to

overcome but may be particularly directed against monophagous and

oligophagous herbivores (Feeny, L976¡ Rhoades and Cates t L976¡ Cates and

Rhoades t L977t but see Fox and Macauley,

(1980) found that the tough, mature, less

were preferred by polyphagous insect.s. Denno

L977¡ and Bernays,

nutritious woody

and DonneLly

Èough maÈure

1978 ) . Cates

perennials

(198L) also

leaves offound that specialist herbivores

apparent plants. I{orking und.er a

Macauley and Fox

Eucglyptus leaves

avoided the

range of laboratory anil field conditions

a number of investigators have observed greater levels of herbivory on

young leaves Ín both apparent and unapparent plant.s (Kennedy and Booth,

1951¡ Feeny¡ L97O¡ Reichle et al. t973; Flamilton et al, t978; Ives ¡ L9'78¡

Milton, L979¡ Oates et al, 1980; Colely, 1980, 1983).

Suqh observations wouLd seem to support the hypothesis that

young leaves of boÈh apparent and unapparent planÈs are less well

defended chemically anil physically than mature leaves (McKey' L974¡

Feeny, 1976¡ Rhoades and Cates, L976). Investigations of temperate

specíes have revealed Èhat young leaves contain lower concentrations of

quantitative defences such as tannins, alt,hough they may have higher

concentrations of qualitative toxi¡rs (Feeny, L97Oz Dement and Mooney,

L974¿ Lawton, ]-976¡ Rhoades and. Cat.es. L976i Mckeyr L979). Although

(1980) found no variation in the tannin concentration of

with age, young eucalypt leaves are more available



26

1t... 
apparent) to their herbivores than are for exarnple young Leaves of

oak, since they are initiated several times during the growing season.

However research on tropical species has reveaLed higher phenol and

tannin concenÈrations in young leaves cornpared to mature leaves (Milton,

L979¡ oates et alr 1980; Coley¡ 1983).

Plant secondary compounds, and particularly phenols, have been

considered as major defences against, herbivores (l{hittaker and Feeny,

l97L¡ Levin, 197I, 1976¡ Rhoades, t9'19 ). However a number of studies have

found no correlation between herbivory and phenol or tannin contenÈ (Fox

and Macauley, ]-977 t Balick et al . L978 ¡ Bernays , L9'16; Morrow and Fox,

19BO¡ Oates et aLr 1980; Coley¿ l-983). The recent literature suggests

that, the irnporÈance of plant secondary compounds in defence may have been

overemphasised (Bernays, 1981). Leaf toughness and quality may play a

rnore import,ant role in herbivore grazing paÈÈerns Èhan previously

realised (Scriber, L978¡ Scriber and. Feenyt I979; Scriber and Slansl<yt

1981; Coley, 1983). Coley (1983) has therefore proposed an alternaÈive

hypothesis to

determines the

defences.

the plant apparency model, suggesti-ng that habítaÈ quality

type and ext,ent of a plantrs commitment to anti-herbivore

The variation in insect / planÈ interactiona indicate thaÈ

generalisations, as with the plant apparency moclel, have many exceptions.

For example the spondyliaspids ggfgfggpfna spp. and Eqcalyplo1yna gglqgg!

Frogg: and the lepidopteran UraÞa lgSggg (wa1k) are specialist feeders on

ngcelVelgsr feeding on mature leaves (Cobbinah, 1983t Morgan, 1984). The

plant apparency projection appears to be an extrapolation from opecifie

caaes to a general conceptual model. Extend.ing the postulates made in
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relation to specifÍc and general defence for plant apparency, it follows

that early successionaÌ or unapparent communities should be primarily

composed of chemical specialists¡ whereas clirnax or apparent communÍties

should be primarily composed of chemical generalisÈs (Feeny, 1976¡

Rhoades and Cates, L976). These pred.ictions however are not consistent

with observations made by Levin (1976 b) who found from a world wide

floral sample that 33$ of annuals contained aLkaloids corupared with 20t

of the perennials.

Although the plant apparency model has been useful in

considering the relationships between plant defence allocation and insect

herbivory it should be viewed with caution in attempting to apply a

general rule to insect, ,/ plant interrelations. Plant apparency may of

course be due more to the fact that commonness, density and variability

of a planÈ fanily or genus such as Èhe Myrtaceae or Eucalyptus have

provided a range of usable substrates stimulating the evolution of

pred.ators to take advantage of them. Non-apparency by cont,rast may be due

to the reverse relationship¡ for example Ficaceae and Ficus in

particular. The number of herbivores on Eucalypt,us greatly outnumber

those on Fieug in Australia, possibly due to Èhe d,ifferences in the areas

colonísed by the indigenous species together with the possible

differences in the chemical defences of both groups.

The ¡oore profJ.table approach is perhaps¡ one that consiclers Èhe

basls for vlable interactLons between food plants and monophagoust

ollgophagous and polyphagous herbivores with t,he prime objective being to

understand the relationships and from thls basl.s, to speculate upon ttre

development of it. There is no doubt that rnany lnsect herbivoreg have
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essentLally sirnilar requirement,s of thelr food plants änd eome of these

requlrements tend to be so si¡nilar as to questíon the nlche concept

(Eltonr L927r. Good examples appear to be the scolytid bark beetles, many

speciee of which, compete for the same Èissues of the same food plant.

Yet lt is known that even closely relaÈed species use different

components of the general complex of volatile signals that l-ssue from the

food plant in finding Èheir host (Perttunen, L957t Chapman, L963¡ Àtkins,

1966¡ Rudinsky, 1966) and moreover convert certain of these compounds

present to communLcate wlÈh thelr own species (Anderson. L948 i ltlood and

Vite, L96Lt ltfcMullen and Atkins, 1962¡ Chapman, 1966¡ Pitman, 1966).

Dir¡erent insect specles on a simllar range of host plants may

develop a successional relationship possibly st,lmulat,ed by changes in the

food plantrs physiology. This can be demonstrated by considering an

insect host plant complex such as that of Eucal_yplge camaldulensis

Delrnh.. Miles et al (1982 b) found that consumption of E, camaldulensi s

leaves by Pa:ropslg g!"ggtia OIiver resulted in an lncrease ln the phenol

content of the eucalyptrs leaves and a decrease in the nitrogren conterrt,.

lrlounding has been found Èo increase the actl-vlty of phenylalanine

ammonia-lyase (PAr,)r the fl-rst and limiting enzyme ln the pathway of

plrenolJ.c biosynthesis (wong et aI, !974¡ Bidwell, L979). other authors

have also found similar relationshlps between d.efoliaÈion and the

nitrogen / phenol ratios (Benzr ]-974¡ filratten et al¡ 1981¡ Haukioja,

Tuomi et aI,L982¡ Schultz

1984). It ls

and Baldwinr L9A2¡ Edward.s 1983 ¡

therefore possible that as of the plant

changes with Èhe impacÈ of herbivory¡

will also change' For example¡ l-n the

and WraÈten,

the physlology

the fauna assoclaÈed with the plant

case of E. camaldulensis a
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predominance of flush feeders such as Glycagpis brlmÞlecomÞei Moore and

P. atqmgrl-g may give way to lnsects often found on moderate phenol /

nJ-ùrogen herbage such as 9g=Ê!gg,p1g albitextura Taylor (Morgan¿ 1984),

Ulaba lugens (Cobbinah,- L978) and Pgrga spp. These latter l-nsects being

abte to tolerat,e or even utlfize the proportlons of secondary plant

cornpounds in relaÈion to nitrogen present l-n Èheir food. It appears that

the proportion of nitrogen to plant secondary compounds (see: Lunderstadt,

and Reymers¿ 1980¡ Willlams et al, 1983), or the balance of physiological

compounds within a plant may deÈermine a successful faunal association.

If insect herbivores co-evolve with their host plants and become adapted

or I'conditionedn to the nutríent Ievels present in their food then the

selection of feeding sltes apparent 1n nature may be adequately explained

where no physical determinants are present. Thus in many insÈances tbe

balance between nutrlentsr phagostirnulants

Ln the different foliage classeg on a tree

proportÍons that permiÈ a choice for each

wJ.th age of herbivore (Isman and. Duffey, l9g2)

for lack of competition for food resource between

food. plant.

and feeding lnhibitors

may provide a range in

gtazet. This allows for

present

their

changes

and mayin food preference

constitute a basi-s

predators of the same

1.7 ENVrS9NSE_II AIP PI1èUI PgYsfgr'ocY.

Much work has beeo done on envi-ronmental influences on the

physiology of the pJ-ant especially in the realm of water stress on

nl-trogen netabolism. Kemble and Macpherson (1954) working with perennial

rye grassr w€rê the fLrst researchers to find a dramatíc l-ncrease in
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proline durf-ng wLltlng. Other researchers followed¿ findlng that rwater

stressn, namely drought or wilting, induced signifícant increases in the

free amino acid content of the plant especially proline, and a decrease

in the plantrs prot,eLn content (Chen et al¿ 1964¡ Barnett and Naylor,

L9661 Durzan anil Ramaiah¡ l97L¡ StewarÈ, 1972 a and b¡ Hsiao, 1973¡ Singh

et al¡ 1973 a and b¡ Blum and Ebercon, L976¡ Boggess et al, L976;

Ferreira et aI.. L9'79t Hanson et al , L979; Huang and Cavalierie L979¡

Dubetz and Gardiner, 1980¡ Jones et alr 1980¡ stewart. and Elanson¿ 1980¡

FukuÈoku and Yaroadar 1981¡ Labanauskas et alr 1981¡ Tanabe et al-, t982).

Further work showed that the response of the plant to environmental

etress such as heat and salinity closely paralleled thaf: of water defj-cit

(Chu et al, L9'14, t976¡ Huber¡ L974t Trelchel,. L975¡ Ll-u and Hellebust,

L976¡ Bar-Nun and Poljakoff-Mayler' t9'I7t lfyn Jones and Storey' L97at

Cavatieri and l{uang, L979.1981¡ Jefferies et aL, L979; Lawlor, L979¡

Spyropoulos and Lambris, L979t Tatt, L980¡ Labanauskas et aI, 1981¡

Cavalieri, 1983¡ Dreier¡ 1983). À number of recent, reviews on this

subject outline the physlological

(Hanson, 1980¡ Stewart and Larher¿

impact of water stress on the plant

1980; Turner and Kramer, 1980; Paleg

shownand Aspinall, 1981¡ Elanson and Hitz, L982r. Water stress has been

to decrease photosynthesis (Lawlor, 1976¡ Liu and Hellebust. 1976¡ Lawlor

and Fock, t977, L978t Naidenova. L9'19; Benecky, 19BO; Ludlow et al, 1980¡

Osonubi and. Davis, 1980; Bhardwaj and Singhal, L9BL1 Dougherty and

Hinckley¡ 1981) and respiration (Hsiao, L973¡ Brown and Thornas¡ 1980). In

response to \,rater stress the accu¡nulation of abscl-sic acid (aeA¡ a potent

growth inhibítor (Wright, L969t vlright and, Iti¡'on' L969; Mizrahi et al,

1970), Ís thought to l-nduce the drarnatic increase ln prol3.ne observed ín
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the plant (Àspinall et al, t973; Àspina1l, 1980). Proline is also thought

to accurnulate in plants due to four main changes in the plantrs

metabolism: (1) stimulation of proline synÈhesis from glutamic acid, (2)

inhibition of proline oxidation¡ (3) Èhe incorporation of free proline

into protein is impaired, and (4) the export of prolirr" vi- the phloem is

reduced (Hanson, 1982). A number of authors have hypothesísed that the

possible value of proline accumulation is as a nitrogen-store, energy

store, or a NH3-detoxification product (SÈewart and Hanson, 1981).

Ho!ùever combining physiological and genetic approaches, some researchers

have suggested that accumulaÈion of proline may be an incidental response

to water stress (Wyn Jone's and Storey, 1978¡ Hanson, 1982).

In contrast to the influence of environmental stress or water

stress on the nitrogen metabolism of the plant,, studies on the influence

of environ¡nent on secondary plant metabolism is sparse. vaadia et aI

(1961) statect thatr in studyj-ng plant $tater

processes, greater emphasÍs should be given

deficits and metabolism. This is certainly

deficiLs and. physioloqical

still true today. Although

much ¡nore is known on the implications of wi¡ter

nitrogen ancl carbohyitrate paÈh\,rays, very little

to the relation between water

stress on the ttprimaryt'

is known of the influence

on production of secondary plant compounds (with the excepÈion of plant

wounding). This is perhaps due to the early concept t,hat secondary planÈ

compounds were indeed just that - anonalies of plant metabolism which

just happened to repel

term "secondary plant

herbivores. Ho$tever recent v/ork has shown that the

compound" should be revoked as a misnomer (Seigler,

lg77) and thaÈ these compounds should, more appropriately be designated

as allelochemics. Yfith the advent of improved biochemÍcal techniques such
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as gas liquid chromatography¡ gas chromatography - mass spectrometry and

high pressure liquLd chromatography, this gap in our knowledge of plant

metabolism may be resolved in the near future.

One aspect of plant "secondary metabolism'r is its ¡netabolic cost

to the plant. ff the metabolic cost to Èhe plant for the Productlon of

secohdary plant substances is high as suggested by Levin (1971) and McKey

(L979). it would be loglcal to assume that environment,al stress, such as

water stress or hlgh ÈemperaÈure¿ wouJ.d result in a decrease of these

compounds due to the observed decrease Ln photosynthesis and respíration

aa suggested by Rhoades (1979 ) and Temple (1981). The evidence for such

rnetabolic costs are however circumsÈantíal anC are discussed by McKey

(1979).

In considering nutrient st,ress l-t has been found Èhat a well

nourished plant is more tolerant of disease (Graham, 1983). Ilowever in

the case of soil nitrogen, liruitlng nitrogen conditions induces synt,hesis

and accumulation of phenolics and alkatoidsr while supraoptimal soil

nLtrogen regults in the reduction of phenol and alkaloid synthesis

(Iloquer L982¡ Graham, 1993). It therefore appears that phenol and

nitrogen metabolism are negatively correlated. However ln coneidering

this l-nformation one cannot extrapolate to the inplications that slnee in

a water sÈressed plant the free amino acids increase, the phenols will

therefore decrease¡ because r¡raLer stresa decreases proteÍn synthesis (see

Parker and Patton, 1975). The ansu¡er therefore lles in the uhderstanding

of secondary metabolism and its cost to the plant.
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Mukherjee and Choudhuri (1981) found that. water stress

increaseed. the activJ.ty of indoleacetÍc acld (rAÀ) whlch l-s known to

lnhiblt phenylalanine ammonia-lyase (PAL) an important enzyne involved in

the synthesis of a number of plant, defence compounds (Bidwell,1979).

Inhibltors of proÈeln synthesis are al-so known to prevenÈ the increase of

PAL (Bidwell, 1979). It would therefore be expecÈed from such evidence

that water stress may result in a decrease ín plant secondary compounds.

Thl.s has been observed by Miles et aL (L982 b) and. implied by Templers

(1981) research on bracken fern. Hence the concept¡ that a plant under

physiologlcal stress may by virtue of a decrease in its ability to

produce sufficient of its protect,J-ve chemicals, becomes vulnerable to its

enemies. Graham (1983) has indicated that relatively smalI changes of

thLs kind In a host plant rnay result in a considerable effect on the

severity of a dieease affectlng it.

1.8 EIIVERqIUEN!è! STRESS AND rNsECr OUTBREAKS.

From the preceedlng llterature discussed it appears t,hat an

insectts rperformance" on a host plant,, is, to some extent, dependent on

the quallty of food avaiLable and thls, in turnr may be influenced by

environrnental factors. A number of authors have suggested Èhat the

success or capacity for increase of an lnsect is dependent on the qualj.ty

of Lts food resource (Davi.dson and Henson¡ L929¡ Evans, 1938; Rawllngs¿

1953¡ Clark¡ t962. L963¡ House' L962t 7.965' 1966 a and bl van Emden¿

L969¡ Klmmlns, L97Lt van Emden and Way,

, 1983) and thLs has been dlscussed

1973¡ Southwood. L973¡ l{illLans

et al at some length i-n prevlous
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Eectlons of thls revlew.

Whlte (1966. L974, L976, 1978) proposed that plant stress or

water deflcit l-ncreases the ravailable nitrogenrr in Èhe plant whieh j.n

turn increases the survival of the fi::sÈ instar of insect herbLvores

resulting l-n an outbreak of the lnsect,. OccasLons of l-ncreased insect

performance such as lower mortallty¿ increased development rat,es and

higher fecundity have recently been recorded on plants supplied with

niÈrogen fertilizers (Rahler, 1978¡ Sementer et al, 1980¡ McClure, 1980¡

Myers and Post, 1981; Prestige¡ 1982). Ilowever Èhe lnfluence of a

eupraoptimal supply of nitrogen on plant phenolics, as described by

Graham (1983), must be considered when assessing such daÈa. Insect

performance has also been found to Íncrease when considering favourable

field varLations in nitrogen content (Kirnmins, L97Lt Fox and Macauley,

L977¡ Onuf

Tabashnik,

induct.lon

plant water.,stresso The evidence available in many

coincíilental or circurnstantial than factual.

et al . L977r Webb and Moran, L9'l8r llyers and Post,, 1981¡

L982). Nevertheless there is a paucity of evidence for the

of lnsect outbreaks or increased survival as a consequence of

records 1s more

See: WeIIlngton et

L977¡ Weîzo 1977¡

al 1950¡

Taylor, 1955¡

1979¡ Mason,

West¿

von Seitschek, 1981¡ who

recorded Íncidences of di.sease outbreaks associated wiÈh the occurrence

of drought or abnonnally low rainfall.

Working with aphids lt has been found that water sLress rnay

produce negat.ive effects on their performance suclr as reduced. feeding,

:lncreased, number of alataer decreased survival and fecundity (Kennedy,

1958¡ Kennedy et al¡ 19581 Kennedy and. Booth¡ L9591 Sumner et aI, 1983).

Van der Laan, ]-959¡ Grímalskií,

1981¡ Moríondo and Covassi, 1981;
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Eowever uEing aphids or phloem feeding Lnsects to test the influence of

plant water <leficlency on insect populations leads to diffícultfes in

interpreting the results, since these insects rely on plant turgor

pressure for feeding, and lower plant turgor pressure will reduce the

uptake of food (Kennedy et alr 1958¡ Kennedy and BooÈh, 1959).

Consequently a nurnber of conflLcting results have been reported

concerning the performance of aphids on water stressed plants. De Vries

and Manglitz (!982) found no varlation Ln the survlval and reproduction

of the spotted atfalfa aphid (Ihgfiggplig gggglata Buckton) on droughted

lucerne¡ anil l{earing (L972) found that inÈermittent water stress

increases the survival and fecundity of gyzuq Pglgíggg and Brevlgglyge

brasslcae, as opposed to the general detrinental effects of continuous

water stress.

Very llttle work has been done using chewing phytophagous

Lnsects. Haglund (L982) reports that proline and valine¿ ami.no acids

¡¡hich commonly increase in water stressed plants, increases feeding in

grasshoppers. Contrary to these fínd.ings Bright et aI (L982) found no

Lncrease in the feeding or performance of a number of Lnsects, snails and

powdery ¡nildew on hlgh prollne barley varieÈies, and Miles et a1 (1-982 a

and b) found no lncrease in survival, rate of development and fecundity

of Pl-eris rapae ancl lelepg.iq ggggqria- on water stressed plants.

Research has shown that insecÈs aceept a. range of nutríent

concentrations 1n their food (Auclair¡ 1965¡ Dadd and Mittler¡ 1965; van

Emden, L966¡ Dadd and Krieger, L96a2 Mittler and Kllenjan, 1970¡ van

Emden and Bashford., L97Lt Beck¡ ]-974¡ Cobbinah et al¡ L9g2). Variatíons

beyond the acceptable range of host nitrogen conter¡t may be
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dLeadvanÈageous (Carrow and Graham, 1968) unless insects have been

preeonditoned to accept them (Cobbinah et, aì-, 1982)¡ or âtê able to vary

their ingestlon rates Èo accom¡nodaÈe the change in thelr food (Slansky

and Feeny t Lg77 ¡ Miles et al t L982 a and b). Low nitrogen levels rnay be

crltl-cat to lnsects adapÈed or conditioned bo a hJ-gh nitrogen cliet and

hlgh nitrogen critLcal to insect,s normatly feeding on low nitrogen foods.

This nray explaLn the varíaÈion in response Èo water stress observed

between the two aphid species studied by lrlearing (L972).

In vLew of the contradictlons apparent in the considerable body

of research attempted on these matters and the problems with such a

general theory by l{hite (1966). I decided to select a tesÈ animal that

was oli-gophagous within Èhe MyrÈaceae. Additionally I wanted one whlch

had been shown to respond mainly to secondary plant compounds such as

antLfeedants in selecting lts food and' moreover, one which night

Slobodkin (]-962).

of these

demonstrate a number of survival- curves indicatecl by

UrgÞe lugeqg (Lepidoptera:

charactisties andr as well

Nolidae) demonstated. all

fed reasonably v¡eI1 on artlficial diets

(Cobbinah. L978). Thls enablad. me to examLne stress in tlte food plants on

test thethe survival¡ fecundlty and growth rate of U. l-ugeng and to

Lnfluence of nitrogen components in the diet both upon Slobodkín I and

Slobodkin IV survival curves" Tn the former, increased avaílable nl-trogen

coutd be Èested for an lncrease in survival of the late instare where in

nature, mosL mortallty is recorded for !3 lgøeng. In the latter I could

d.etermine whether increased nitrogen could compensate for observed

mortalities where a diet was in 6ome way J-naitequate. By these researches
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I hoped to be able t,o l-ndlcaÈe clearly where and at what level, if any,

l-ncreased nLtrogen affected survLval and the other bl-ological parameters

I rnight wish Èo examine. My reason belng that lf nitrogen did influence

U. Iugens J-n a way slrnilar to that suggested by l{hite (1966) for other

lnsects, then Lt nay well be¡ at some critLcal level, a rise ln total

nf.trogen that night be lnvolved whereas at anotherr perhaps higher level¡

the lnfluence could be found in sensitlve increases of partlcular amlno

acids necessary to l-nsect nutriÈLon (Dadd and Mittler, 1965¡ House. L965,.

L969t Dadd and Krieger, 1968).





Erggre 2.1.r.

EggelvPlgl glqfegerga in sorrth
Australia subjected to continual
damage by {tlgbg lgSggg"





CHAPIER 2

ïntroductìon.

2.1. THE BIOLOGY OF URÀBA LUGENS WALK.

The gum leaf skeleÈonizer Uraba lugenq !,Ialk. is an irnportant

defoliator of many Eucalyptus speeies and cerÈain closely related species

in the genera Àngophora and Tristania. Since the insect was first

described by Walker (1863) its taxonomy has been subject to considerable

tergiversation as discussed by Cobbinah (1978). Thirty years prior to

Common's (1975) revision of this species it was known as Roesellg lSggqg

(W1k. ) and before that, had been assigned to a variety of different names

(Seitz' 1933; Cobbinah, 1978).

9¡g¡g lugens has been recorded in aLI Àustralian states,

outbreaks of severe defoliation of host planÈs being recorded in New

South Wales, Queensland, South Australia (fig. 2.L.I), Victoria and

Tasmania (Brimblecombe, L962i Campbell t L962; Ilarris, L974) and lVestern

Australia (Morgan pers. comm.r1984)" In SouÈh Àustralia U. lugens is

widespread occurring from sea leveI to about 1OOOn elevation and from

coastal to inland and riverine habitats (Morgan and Cobbinah, L977).

Campbell

species

instars

(L962, 1966' 1969) recognised two biological forms of the

i.n New South lilales. The hì-ghland f orrn which has thirteen larvai

and eggs are laid in a flat raft of up to 20O with adjacent eggs

touching;

instars, eggs are

diameter

ar.rd the coastal or lowland form which has eleven larval

It
,

laid in masses of up O0 and arranged in parallel rows

one egg apart. Morgan and Coblrinah (L977 ) suggested that the two



Figule 2.1.2.
Biology and feeding patterns of
UrCÞa lggggg duríng initial inst.ars.

(a) ngg batch of 9: Iugens on

EggglYPtgg cerglqglg.sis .

(b) Feeding pattern of first instar
larvae after eelosion.

(q) Feeding darnage by first and second
instar larvae on Eg ggsalgglegglg.
Àlso demonstrates the gregarious
nature of early larval instars.





rigg== ?:L.3.
Biology and, feeding pat,terns of
u.gÞq lUøggs.

(a) Second and third instar larvae
feeding on Eucalyptus camaldulensis.

(b) Skeletonization of an n:. glglggarpe
leaf following ecLosj-on. Àlso note
the presence of Iarval moulting
casts.

(c) Fifth and sixth instar larvae plus
moulting cast,s.





Pigg=e 2.L.4.
Feeding damage by glgÞe lusens on

Eggelvplgs seselqsleggle.

(a) Skeletonization by initial instars
(1st - 5th), known as flagging.

(b) Defoliation of a sapling by late
instar larvae.
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biorirorphs described by CampbeII may be temperature induced. The

biological form of 9s lugens in South Australia has characteristics

ascribed to both biornorphs. The larvae have an average of eleven instars

ranging from eight to thirteen, while egg batches range in size from 20

to over 5OO (cobbinah, 1978) and are arranged in essentially parallel

rows where they may be almost touching to more than one egg diameter

apart (fig.

The

2.L.2 a) .

insect is bivoltine in all

Western Àustralia where it is univoltine

regions

( Curry

of Australia

pers. comm.

except

L984). The

winter géneratÍon

summer generation

Univoltine insects

is completed in late

is completed within

October to early December and the

larval stages. Larval

the period of March to May.

are adults in Febrtary / March.

The egg incubation period is dependant on temperature and varies

from three to four weeks in summer and four to six weeks in v¡inter

(Morgan and Cobbinah, L977¡ Cobbinah, 1978). The larvae of U. lugens are

overtly gregarious durJ-ng the first to fourth stadia (fig. 2.L.2 c)t

skeletonizing the leaves around the egg mass immediatly after eclosion

(fig. 2.L.2 b) and later extending their feeding over the rernainder of

c) The skelelonizing habj.t of

when individuals move to feed

the leaf (figs. 2.L.2 b'c and 2.L.3 a, b'

the larvae persisÈs to the fifth staclium,

on leaf edges (fig. 2.L.4 b) by a breakdown in the gregarious

t-n

accompanied

the earli-erbehaviour pal-tern apparent

development is cornpleted Ín

days in winter (Morgan and

60 to 85 days during sunmer and 130 to L8O

Cobbinah, L977r.

soiL however pupae have also been observed

Pupation occu.rs mainly in the

under bark or on leaves of the

host tree. Pupal duration also varies with temperaÈure, laboratory
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observations have revealed that at 15"C Èhe pupal period is approxinately

26 days whereas aÈ 28oC the pupal period is decreased to 10 days (Morgan

and Cobbinah, 1977).

The adults of U. lugens do not feed. The females oviposit on a

wide range of Eucalypggg and related species (Brimblecombe t L962¡

Campbell, tg66; Cobbinah, 1978) however survival of Èhe larvae on the

hosts selecÈed is noÈ assured (Morgan and Cobbinah' L97'7). The majority

of regg host,s" are either unsuitable for larval establishment or the

Iarvae that begin feeding do not survive to adults. Àcceptance of any

negg host" by larvae normally occurs soon after eclosion and may vary

from ready acceptance and mass feeding to feeding that is not sustaíned

after init,ial tasting followed by larval dispersion. Thus the egg hosts

of g: IgS9lg include highly suitable plants on which larval surviwal is

high and less suitable plants on which larval survival is low or

non-existant.

2.2 F.oo2 P!l!gÊ 9r u: LUGENS

The host plants of 9: ll¿gglg can therefore be divided into Èhree

categories:

(1) Good host plants, high survival (greater than or

equal to 8Ot) of 1st - 4th instars (figs. 2.2.L

and 2.4.1 e,f).

Intermediate hosÈ plantsr where 2O -5Ot of larvae

survive to 4Èh instar (fig. 2.4.! crd).

(2')



Iiggse ?:-2-t-
Eucalyptus
plant for

camald.ulensis a good food
9geue lcgggg.

(a) In foreground, an example of a
mature E. camaldulensis tree.

(b) Newly mature leaves of
E. ce¡ne19gl9$19.
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rigg." 2.2.?.
rucalyplgg plgËypgs a poor food plant for
Uraba lugens.

(a) a mature E. platypgg in centre
foreground.

(b) Leaves and flower buds of E. platypus.





4t

(3) Poor host plantsr where fewer than 15t of the larvae

survive to 4th instar (figs. 2.2.2 and 2'4']- arb)'

Cobbinah et al (1982) explained Èhe variable acceptance by

larvae of food plants by the presence of antifeedants in a threshold

effect. Hoerever Cobbinah pointed out that the presence of antifeeilants

does not necessarily explain Èhe varj-ab1e suitability of "good" food

plants when assessed on growth rate¿ survival and fecundity¡ and credited

nutritional variation to be an influencing factor.

2.3 SLOBODKINIS g.qBvrv4! cuRvEs.

slobodkin (1962) postulated four basic forrns of survivorship

curves for animal PoPulations

the rnean, median and maximum

(fig. 2.3.L). In the Type I survival curve

life expectancy aÈ birth are almost equal,

so that the mortality is concentrated on the old animals.

Type II represents

unit time,

a system in which a constant number of

regardless of the number of animals remaininganímals die per

(i.e. a constant

Type

constant with

nurnber of deaths Per uniÈ tirne).

III represents a system in which the risk of death is

age (i.e. a constant proportion of the animal populaÈion

die at each age).

Type IV represents a population in rvhich morÈality mainly

affects the young animals (i.e. the mean life expecl-ancy of any

individual increases with age).

is probably the most common in r¡aturetIV curveThe Type

although natural populations in. general. do not conform to any one of
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After Slobodkin (7962) p 35
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these curves. Typically, dfferent ages are susceptable to different

sources of mortality, producing â survivorship curve Èhat is a composit

of the various curves possible. Most anÍmals that have a distinct larval

stage followed by metamorphosis into an adult condition have extremely

high mortality in the young sÈages or in the transítion from one mode of

life to another. This group includes most fish,

and insects. Slobodkin points out however that

coelenterates, crustacea

the survivorship curve is

species. Although the

the actuaL duration of

sensitive to the sex

not a constant character of a population or even a

general shape of the curve does not alter greatly,

life and the details of curve shape are extremely

and genotype of the individuals anrf more importantly to environmental

conditions.

2.4 SURVTVAL OF U. LUGENS ON DIFFERENT HOST PLANTS TN THE CONTEXT OF

SLOBODKINIS SURVIVAL 99BYE9:

Morgan and Cobbinah (1977 ) and Morgan (unpublished data)

examined Èhe acceptabitity of different "egg hosts" by g: IgSggg and the

insect t s subsequent survival on these plants. Considering these

observations, the fotlowing pattern emerges (fig 2.4.L). On a poor host,

for example Eucelypggg gg.llingeng or E: ptatypus the surl'ival curve is

comparable with that of a Sloboclkin Type IV (fig.2.4.1 a and b). A small

number of larvae rnay survive to ad.ults in some years, however this i-s

rare and larvae generally do not survive past the fourth stadium. Other

food plants on which U. lugegs follows a survival curve similar to chat

of E¿ Platypus and E. Sgldiggli (fí9. 2.4.L b) are: E. diYes¡



Figg== ?.4.L Survival of g:
different egg

lUsggg larvae on
hosts.

(a) Survival curve on a Poor Food
Plant, viz. E. astlingens,
!s sloþulug, and u: gÞlisgg.

(b) Survival curve on a Poor Food
Plant, viz.

E: sgr9geli

n, plaÈyFgg

(c) Survival curve on an Intermediate
Food Plant, viz" E. sideroxyloÊe
and E. pgggtele.

(d) Survival curve on an Interrnediate
Food Plant,, vj-z. E. fasiculosa.

(e) Survival curve on a Good Food
Plant, viz. E. camaldulensis.

(f) Survival curve on a Good Food
Plant, ví2. E" Iehmannii.
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drepanophylla; E. eremophila; Er f-erggsoni; q: Siffiit E. \yÞgalensis;

lonoifolia; E. largeana; E. mulleriana; E. ovata arrd E. paniculata.-=-¿------'
For an intermediate host such as E. siderox lon and E. punctata

ig. 2.4.L c) the survival curve is similar to a Slobodkin Type III. In

is case survival past the fourth sÈadium is greaÈer than 2OB. OÈher

arnples of intermediate hosts for U. lgggg= are: E. angophoroi4g";

aromophlgla; E. botryo!.I""; E. dagsoni; E: Sgillgylgi;

targiflole4g; E. norton!; E. o gadop\yllgt t. prgpinqua; E" robugla;

tereticornis and E. viminalis.

The survival curve for U. lugens on E. fasiculosa (fig. 2.4.L.

d) is similar to that of a Slobodkin Type II curve and approaches the

larvae on a good foodsurvival curve rePresentatíve of a good host" For

E. J-ehmannii, the survi-val curveplant such as E. camaiduLensis and

approaches that of a Stobodkin Type I (fig. 2.4.L e and f). Survival is

high in the initial stadia but decreases rapidly after the eighÈh

stadium. Other examples of

E. maculaÈa;

good food plants for U. lqgens are:

E. citriodora; E: !99I9i, E. occi{gglelig; r: gdolela and

E. stellulata.

Vlhite (L966, 1978) proposed that most herbivorous insects

a low level of abundance relative tousually remained at

abundance of their food because most of them die in the

food. This

the apparent

early instars

idea has beenfrom a relatíve shortage of nitrogen in Èheir

further subst,antiated by the work of Mc Clure (L979, 1980) on elongate

on cinnabarhemlock scale, Forina glgglgg

moth¡ and labashnik (1982) on

Ferrisi Myers and Post

Colias spp". AII these

t.he nitrogen content

( 1eB1 )

authors found that

larval survival was related to of the plant. So that,
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nitrogen \.¡as purported to be the limiÈing nutrient for larval growth,

survival and adult fecundi.tY.

It is known that plants subjected to drought respond with an

increase in free amino acids (Hsiao, t973¡ Singh et aIt L973 a a¡rd b).

I{hite (1966, L974. Lg76) therefore hypothesised that plants become a

richer source of nitrogen to herbivores when stressed by random

fluctuations in the summer and winter rainfall, this higher availabi-1ity

of nitrogen in the host ptant leading to a hÍgher proporti-on of young

insects surviving. Relating VÍhit,ers hypothesis to Slobodkinrs Survival

Curves it is con.sidered that most phytophagous insects generally follow a

Type IV curve (fig. 2.4.2 a). Àn increase in the leaf nitrogen content

due to an environmental stress such as drought may therefore shift this

curve toward that of Type III. The converse may also occur (fig. 2.4.2

b). Àn insect with a survival curve of Type f while feeding on a good

food pÌant may show a shift towarcl a Type II curve if fed. on an

inadequate food plant' or one having a lower nitrogen concentration .



Chapter 3

The InfTuence of IndividuaT Anino Acids Incorporated Into

ArtificiaT Diets¡ on the BioTogicaT Perfornance of

Uraba lySens- Wa7k.



gglBTEE 3

The influence of individuaT anino acids incorporated into

artificìaL diets¡ on the bioTogicaT perfornance of

Uraba Tulens Wa7k.

3.1 INTRODUCTION.

Many studies on the nutritional atÈributes of amino acids in the

insect diet have been made. Taylor and Bardner ( 1968 ) concluded that the
\_

Iarvae of boÈh EÞggqgg cochlaeriae Fab.

developed at a greater rate on younger plants with a higher protein

contenÈ. I{hite Davis (1975) determined tha'- Tenebrio molitor L. required

the same ten essential amino aciâs as most other insects (i.e. L-valine,

L-leucine, L-threonine, L-lysine, hi-stidine, arginine, rnethionine,

phenylalanine, tryptophan and iso-leucine). Pseuaosagsgnþ3gg g€€iglg

(FaII.),reared aseptically on chemically defined media, showed Èhat food

Iacking ttrese amino acids failed to support larval growth (House, L954).

Omission of. glycine from its diet also lowered the rate of growth and few

individual-s developed beyond the first, instar. Using the European corn

borer, ty:ggglg ggÞilqlfg Hubner, Beck (1950) also found that growth rate

and devetopment of the larvae was suppressed on nitrogen deficient diets.

Incorporation of a number of amino acids in an agar-based purÍfied diet

for P. ggþifglfg increased the average feeding time of the larvae (Beck

and Hanec, 1958), this being rnost noticeable for the diets containing

L-a1anine, Dl-0-amino-n-butyric acid, L-serine and L-threonine.

À negative effect on feeding time occurred on diets containing

and gutella ¡ngcgllngggig Curt.
L
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1-tryptophan, L-arginine, ß-alanine. The effects of L-amino acids on

feeding was found to be correlated with their molecular weights and their

$rater solubilities. Hsiao and Fraenkel (1968) demonstrated that the

molecular configuration of an amino acid had a profound influence on its

effectivness as a feeding stimulant. All amino acids that stimulate

insect feeding have molecular weights less than 126 (Hsiao and Fraenkel,

1968), while those that can be categorised as attractants are water

soluble. Feeding experiments on spruce budworm choristonegra lglilgrggg

(CIem) larvae revealed that it was sÈimulated by the presence of

L-proline (Heron, 1965) an amino acid highly soluble in waÈer and of low

molecular weight. Proline is also a phagostimulant for Locusta gigratoria

(L.)r the amino acids L-threoninê' L-cysteine and L-valine showing

similar but somewhat less acÈivity (Cook, A977r. However, Bright et al

(1982) found no increase in the feeding or performance of a number of

insects and molluscs fed barley varieties containing high levels of

proline, over those fed barley with lower levels of proline.

Proteins and,/or the presence of free amino acids, both appear

to influencê phagostimulation and growth rate of insects. Fbmale

bushflies fed hiqh protein diets ímmediately develop e99s (Jones and

glalker, Lg74). Dabrowski ar¡d Bielk (19?8) found mite fecundity to be

positvely correlated wiÈh the nitrogen content of their diet and the

presence of specific

ttre influence of food

amino acids. Labeyrie (1969rL978) has commented on

quatity and quanÈity on t.he reproductive

f ecunditi-es

potential

ofof female insects and van

Brevicorygg ÞIasgicae (L. )

correlated with the amount

Emden (1966) showed that

and My3ug p!!sicae (SuIzer) were positively

of soluble nitrogen in their diets. Since the
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development of an insect from pupa to adult is achieved through the

process of cel1 differentiation ancl this involves the formation and

utitization of proteins, dietary proteins and free amino acids must play

a major role in growÈh, development and reproduction of insects.

The influence of a number of free amino acid.s on growth,

survivatr and fecundity of Uraba lugege Walk. was

Since adult females of this species select plants

there is a range of survival and growth rates of

therefore investigated.

for oviposition and

their progeny on the

rJietary nitrogendifferent egg hostsr it seemed possíble that additional

may increase acceptance, growth, survival and fecundity of U. lgsgrr"

on poor food plants (seelarvae, that by ad.ult selection, were located

Morgan and Cobbinah, !977). This view is supporteil by Beck and Hanec

(1958) and Hsiao and Fraenkel (1968) who indicated that different amino

acids may vary in their influence on insect performance. It seemed

possible that proline and valine may significantly increase larval

phagostimulation and ,/ or acceptance of tesÈ diets, and that larval

growth rate and adult fecundities could also be enhanced because of the

low molecular weights (Less than 126) and high water solubilities of

these amino acids. Proline is also of considerable interest because of

its marked increase in stressed pJ.ants (singh et al' t9'72, !973). On the

other hand an excesg of these amino acids in an artificíal diet may

reduce the insectrs feeding response by "masking" the nuÈritional value

of the diet and hence result in a decrease in insect performance

(White, L974).
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It seemed appropriate therefore, to test U. lggeng on diets that

enbraced a range of concentrations of free amino acids previously shown

to effect insect performance. One night be able to demonstrate whether

its performance could. be influenced not only by the arnino acid supplied

but also by its concentration in the diet. Cobbinah et aI (1982) had

denonstrated that U. lggens was influenced by the proportion of leaf

powder from a good food plant. Thus they showed that thresholds of

compounds in diets may be the basis upon which a food plant may be rated

on a scale from non-food planÈ to good-fooil plant. That is, cornponents of

the food governed its acceptability and suitability to an insect (see

also Feeny' 1968, 1970).

I
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3.2 MÀTERTALS AND METHODS.,

3.2.1 qigt.

À meridic base diet $tas prepared using, Davis I

Bacteriological Agar, cellulose, sucrose and leaf powder. The proporùions

of these main ingredients were varied from those usecl by Cobbinah (1978)

whose original agar diet formulated for U-:- Iuggge was found to be of

unsui table consistencY.

Àrt.ificial diets representing good and poor host planÈs were

prepared from the two egg hosts (Cobbinah et al t L982) E-qcalyptrrs

camaldul-ensis a Preferred host for U. lugens in nature and Eucalyptus

platypus upon which oviposition is frequently recorded but no larvae

survive to the final instar.

The leaf powder component v¡as prepared as follows: Fresh leaves

were collected from the field and immediateiy placed and retained in

liquid niÈrogen to arrest metabolic processes and to ensure minimal

deterioration of their chemical cornponents. They were then ground in a

mortar and pestle under liquid nitrogen, the resulting fragments being

freeze-dried for 48 hours. Àfter freeze-drying the leaf rnaterial was

further ground in a Wiley Mi1l until iÈ passed through a 0.5 millimeter

screen, the resultant powder being stored in a dry environment at -.2OoC

until use.

The base diet was made up in the proPortions 1.09 Davisr

Bacteriological Àgarr 1.59 cellulose, sucrose at 0.01 molar and 6t (by

weight) leaf powderr to 3Oml water. An antifungal agent¡ Tegosept M@

(HOC6H4COOCII, supplied by Merck) at O,OSt (by v¡eight) was also added,
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this delayed fungal growth on the diet for approximately ten days once

the diet had been exposed to aerial spores.

Sucrose was the phagostinulant for the insect (Cobbinahr 1978).

Cobbinah showed that larvae of U. Iggegs were stimulated to feed on sugar

diets at concentrations ranging from 0.01 molar to 0.1 ¡nolar sucroser the

feeding response increasing with increasing concentraÈion from poor or a

low level of larval feeding to a point where all larvae fed on the diet

presented. The concent,ration chosen for Èhis experiment was the point at

which larval feeding responses were intermediate so that consumption of

the diets would not be due only to larval resPonse to sugar.

cellulose was added to maintain a "hard" consistency, thereby

increasing the attractiveness and mechanical quality of the diet since

U. Ig9ggg prefers to feed on firm to tough newly mature and mature leaves

of its food plant (cobbinah, 1978). In the E. plat,ypus diet it was

necessary to incorporate a greater amount of the binding agent, açJar

(1.5g), since the E.glatypus diet was found to be inferior in consistency

and texture when containing Èhe same proportiors of ingredients as the

E: gelglqglg1gig diet. The added açJar, though a protein, is nutritionally

inert to insects (vanderzanEt 1969).

?Ilhe amino acid additives were selected by means of scoring

individual amino acids according to their influence on feeding¡ growth¡

and development of insects previously studÍed. A spectrum of amino acids

vras therefore obtained ranging from amino acids with considerable

influence on growth and devel-opment to those with tittle such influence.

The amino acids selected (table 3.2.1.1) include four of the essential

amíno acids, i.e. L-arginÍne, L- rnethionine¡ L-valine and f,-tryptophan,
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as well as

plants and

procedure.

negative to

The selecÈion provided a spectrum that was likely to encompass

strongly positive responses.

Table 3.2.1.L Àmino acids incorporated into test diets.

Anino Àcid Àbreviated Molecular weight

Proline
Valine
Aspartic acid
Methionine
Arginine
r-ryptophan

Pro
VaI
Àsp
Met
Arg
Try

115
tL7
133
t49
L74
204

A further treatment incorporated all test amino acids in the the base

diet.

The amino acids v¡ere incorporated aÈ Èwo concentrations, 0.01

nolar and O.O5 molar. The diets were prepared in the following rnanner: an

0.05t Tegosept solution was made up with distilled water. Thirty

mitliliters of this was Èhen transferred to a beaker containing weighed

amounts of agar, celluloser sücrosê and the respective amino acid" This

¡nixture was brought to the boil whilst being rapidly stirred. After the

mixture had boíIed, it was removed from the heat source and vigorously

stirred while cooling. Just before the mixture solidifiedr the

pre-weighed amount of lyophj.lized leaf powder ¡¡as added, the diet being

prepared in

for up to three

poured into a heat sterilized petri dish. The diets were

L-proline, often Present in large

aspartic acid which attained a low

quantities in stressed

score in the selection

advance and were stored at *1o C where they could be kept
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weeks without obvious deterioration-

T!ùo control cliets were used: (1) fresh diet; (2) base diet

(artificial diet, containing leaf powder of the species under study but no

added amino acids). The test diets consisted of base diet plus the test

amino acid. The experiment consisted of six índividual a¡nino acid

treatrnents each at two concentrations - high (0.05 M) and low (0.01 M)

and a combination of the test amino acids. There was Èherefore a total of

2+ 2+ (7)Z+ (7r2 = 32 treatments with 10 replicates per treatment.

The diet was presented as a 16 mm diameter disk cut with a

sterilized cork borer with a triangular cavity cut into the top since the

Iarvae feed on edges. This was placed in a sterilized 9 cm diameter petri

dish and five caterpillars that had. just moulted to the fourth instar

were placed in each control and test arena (see section 3.2.2).

3.2.2 rnsggls:

Early instar larvae were coll-ected from the field from

ggcelyplgs microcarpa, a good food plant not in:luded in the test

diets.This was done to avoidy' Èhe effect of possible "parent imprint"

(Jermy, 1965¡ Hovanitz, 1969). Larvae were fed on fresh leaves of

E.

The

microcarpa in laboratory cages until

fourth instar larvaè were fasted for

they reached the fourth stadium.

twenty four hours before being

than this stadium $rere found toplaeed on the test diets. Larvae younger

have a high mortality rate due mairrly to their

dfficulty in their utilization of the diet as

gregarious behaviour and a

presented. Young larvae

tended to fall off the test diets and were unable to re-establish

tT¡emselves on the diet due possibly to poor locomotor abilityr unless in
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a high concentration of individuals. Five fasted larvae were weighed and

then placed on each of the test diets in a heat sterilized petri dish and

reared at a constant Èemperature of

were each scored

25"C and a 15 hour

for the number of

the diets at 15 minute intervals over Èwo hours. This

diet acceptabitity" The insects were then retained on

TreatmenÈs

light period.

insects on or off

was to determine

the diets for five

the diets weredays after which the diets $¡ere rene$ted. From

renewed every five days with the exception of

renewed daily. glhen the test animals moulted

then on

the fresh diet which was

faecal pellets in each arena

were counted and the newly ecdysed insects $rere re-$reighed before they

estimate weight gained on thebegan feeding again. fhis, data was used to

individual test diets. Since production of

diet consumed

faeces is positively

correlated with the amount of (Cobbinah, L978) an estimate

of diet consumption could also be made. Survival was also recorded at

this time. Following pupation, the pupae v¡ere sexed and the females

individually weighecl to estimate their potential fecundity using the

regression esÈablished by Cobbinah (1978): y = 5.94x'193.26 where x =

female pupal weight (ng), and y = potential number of eggs.
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3.3 REsulIg ÀN9 DrscuggloN:

3.3.1 Diet acceptance

Since there lvas no significant difference in the

Iarval acceptance of any presented diet with t,ime, time 4 (60 miutes on

diet) ¡ whieh was considered aitequate for test insects to settÌe and

respond to the iliet, was analysed to determine any trends present in the

data (fig. 3.3.1.1 and table 3.3.1.1¡ see appendix 3.3.1.1 for raw

d,ata ) .

By cornparison with the control dietsr base and fresh, the tesÈ

d,iets including leaf Powder of E. camaldulensis may be related as

fof.lows:

Base diet: Equal to: E. camaldulensis

ancl E. glgtypus_

Inferior to: E. camaldulensis

and E. pletypgq

+ proline

* methionine

+ arginine

* co¡nbined amino acids

* proÌine

* methionine (0.01 M)

+ valine

+ tryptophan

* combineil amino acids

Fresh

* valine

+ t,ryptophan
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Superior to: E. qanaldule¡sis * as partic acid

Fresh E. camalduþgsis:

Equal to: E.

and. E. plglypgg

camaldulensis

* methionine (0.05 !f)

* arginine

t aspartic acid

Fresh

+ valine

+ tryptophan

* combined arnino acids

* valine

f trvptophan (0.05 M)

all other diets including

base and fresh E. plgltno"

and E. platypus-

Superior to:

Íhe acceptance by larvae of fresh E. platypus cornpared with the other

test diets is as follows:

:nual 
to: E. cagal9ulensig + aspartic acid (o.Ol' M)

and E. platypus + aspartic acid (0.01)

Inferior to: all other d'iets.



Figure 3.3.1.1 AccepÈance by larvae of diet. at Time 4
(measured as mean larval number on diet).

(a) ernlno aclds at 0.01M.

(b) Anino acids at, 0"05M.
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Table 3.3.1.1 Mean number of larvae on diets at Èime
interval IV (one hour after placement
on diet) indícating larval acceptance
of diet.

Diets
E: camaldulensis
* amino acid

e. pralXpgg
* amino acid

Amino
acid Conc.

Va1

Try

Combined

Pro

Met

Arg

Asp

Base

Fresh

0. 01
0. 05

0.01
o. 05

o. 01
o. 05

0.01
o. 05

o. 01
o. 05

o. 01
o. 05

o. 01
o. 05

5.O
4.2

a
b

b
ab

4.5
4.2

a
a

3.8
4.3

3.5
3.7

ab
ab

c
bc

bc
bc

cd
cd

3.6
4.O

b
b

2.L
2.9

3.2
3.3

bc
bc

bc
bc

cd.
bc

2.9
2.5

2.9
2.5

1"9
L.7

2.3
2.5

o.8
1.0

e

L.2
1.6

e
de

0.5
1.6

de

e
ccl

2.6 bc

ab

2.O c

e4.3 o.6

L"S.D.=1"58rP=0"001.
L.S.D.=0.79,P=0.05.
Different letters in columns 3 and 4 ind'icate those
values that are significantly different at P = 0.05.
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The most acceptable test diets were not significantly different

from fresh leaves of the common food plant E. camalgglgggrg. Perhaps the

most interesÈing resulÈs were those where test diets vtere inferior Èo

base diet and where the poor food plant leaf powder diets were superior

to both base dj-et and fresh diet of E. ptatypus" Such results demonstrate

that addition of certain nutrient eompounds can induce u. 1 ens to

respond poorly to diets where they are incorporated (examples here are

arginine and aspartic acid at the lower concentration) while

incorporaÈion of other individual components such as valine and

tryptophan induce much greater acceptance of the diets presented. It is

also apparent that specific amino acids and their concentrations in the

diets affected the larval response such that a gradient from high

acceptabiliÈy (e.9. fresh diet) to low acceptability (i.e. equivalent to

base diet) may be obtained.

As valíne and tryptophan both induced high acceptability of

diets based upon E. PlaÈypgg leaf powder one may conclude one of two

reasons for this. Either these amino acids are acting as arrestants or

they are improving the palatability of the diets into which they are

incorporated. Which of these is responsibte may be discovered by

examination of relaÈive diet consumption rates, survival raÈes and growth

rates presented in the next sections.
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3.3.2 Dig! consuned

This was determined by counting the accumulaÈed number

of faecal pellets over 5 days in each arena and calculatíng mean values

for each diet since consumption is positively correlated with faecal

pellet production (Cobbinah, 1978). The data is represented in table

3.3.2.1 and figure 3.3.2.1.

Table 3.3.2.L Mean faecal count t SE per tesÈ arena
for 5 days

* refers to diet incorporating all the test amino acids.
Analysed as a split plot design, significance at P < O.OO1.
Letters in columns refer to respective fresh and base diets
as follows:
âo significant.Ly higher than fresh diet.
b. comparable with fresh diet.
c. significantly lower than fresh dj-et.
d. signifi-cantly higher than base diet.
êo comparable to base diet.
f. significantly lower than base diet.

Diet
E. camaldulensis u- plelrpgg

Conc. 0.O1M

62L ! 36.4 ad

435 + 47.1 bd

630 + 47.5 ad

tt42 +

+

+

50.6 ad

9t4 60.4 ad

572 76.2 ad

233 ! 40.1 cf

364 + 24.3 c

495 ! 67.8 d

Conc. O.OsM Conc. O.O1M Conc. O.O5M

Pro

Val

AsP

Met

Arg

Try

*À11

Base

Fresh

624 ! 18.0 ad

5Bg t 34.0 ad

603 ! 30.5 ad

248 t 20.6 cf

4O7 ! 2L.5 cd

468 r 38.2 bd

89 I 8.9 cf

243 t 26.7 ae

4L4 ! 48.8 ad

287 t 26.4 ad.

432 ! 45.9 ad

320 + 38.7 ad

115 + 16.8 af

Lt2 + 28.3 af

2LS ! 2t.7 a

45 ! L2.6 f

326 ! 42.3 ad

353 r 36.0 ad

317 t 24.7 ad

2L7 ! 12.8 ae

347 ! 24.9 ad.

87 t 15.3 af

77 ! LO.5 af



figgre 3.3.2.1 Mean faecal count on test diets over 5 d.ays

amino acids at 0.01M

amino acids at O.OSM
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In al1 test diets with the exception of valine at O.O1M and the

combl_ned amino acid diet at O.OSM, the production of faecal pellets by

larvae on diets containing E. camaldulensis leaf powder was significantly

greater than on d.iets conùaining leaf powder of L PlqËypo" (see fig.

3.3.2.1 and tabl-e 3.3.2.1). For E. gamaldulegsis the production of faecal

pellets by larvae on different test d,iets l-n descending order is (see fig

3.3.2.1): methionine (0.01-M)¡ arginine (O.O1M)t proline, aspartic acid,

valine (O.OsM) and tryptophan (O.O1M); fresh dieÈ¿ tryptophan (O.O5M)¡

valine (O.O1M) and arginine (O.OSM); base diet¡ methionine (0.05M) and

combined amino acids (o.olM)¡ combined amino acids (0.05M).

For E. plqLgypus the production of faecal pellets by larvae on

the different Èest diets in decending order is: methlonine (0.01M) ancl

valíne¡ Proline (O.OsM), arginine and aspartic acid; proline (0.01M);

methionine (O.OSM) and base diet; combined amino acids (0.01M) and

trypt,ophan (O.O1M); tryptophan (0.051"1 ) and combined, amino acids (0.05M) ¡

fresh diet.

ln other words, for E, sÊselqulensis addition to the base diet

of rnethionine, arginine and tryptophan at lovt concentrations, proline and

aspartLc acid at both concentrations an<1 valine at the higher

concentration significantly increases consumption of the diet above that

of fresh leaf ¡naterial. For E. pleËVn"g the addiÈion to the base diet of

methLonine¿ valine, proline, aspartic acid and arginine aIl at both

concentrations, significanÈly increases diet consumption above that of

the fresh and base diet although consumption does not signíficantly

aooroach that on fresh E. camaldulensis.
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If consumption of cliet is influenced by

acceptability ancl suit,ability, then Èhe results

Lndicate that:

its nutrient value, its

achieved in this study

(i) food of low acceptability may be made more acceptable by

the addition of certain amounts of specific amino acids

(nutrient, components) e.g. valine and tryptophan.

(Íi) food acceptabitlty may be d'ecreased by addition of

certain amounts of specific amino acids (nutrient

components) e.g. arginine and aspartic acid.

(iii) incorporation of aII test amino acids dlicl not increase

consumption over base diet or fresh diet for either

eucalypt.

Reasons for Èhis result may include:

(a) that diets rich in nutrients may decrease

consumption compared with those of Iesser

nutríent value (Beckwith, ]-976; Slansky and

Feeny, L977).

(b) that incorporation of one component thaÈ

decreases consumption in a combination of

components may mean that' it still dominates tt¡e

Lnsectsr resPonse to that diet.

N.B. The fact that certain diets induced the producl:ion of many more

faecal pellets than similar larvae on fresh leaves of a known food plant

couLd mean ttrat the test diets were increasing ingestion rate because of

a eerious deficiency in the nutrient value of those diets. lhat is lower

nutrient value índuces greater ingestion rates as higher nutrient value
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dereases ingestion raÈe

J.ngestion rate.

3. 3. 3 Growth

"incorporation'r of nutrient may govern

IaÞ19 3.3.3.1 Mean fresh weight gain (ng) per test arena
during the fifth stadium t SE.

¡' missing data.
Ànalysed as a sptit plot ilesign significance' P < 0.05.
Letters in columrrs refer Lo respective fresh and base
diets as follows:
ê¡ signi.ficantly higher than fresh diet.
b. comParable with fresh diet.
c. significantly lower than fresh diet.
d. significantly hiqher than base diet.
ê¡ comparable to base diet.
f. significantly lower than base diet.

Diet
E. camaldulensís E. PIEWPgg

Conc 0.01M Conc O.O5M Conc O.01M Conc 0.05M

Pro

Val

Àsp*

Met

Arg

Try

AII

Fresh

Base

21.6 ! r..5 bd

15.3 t 2.t ce

-0.1 t 1.6 cf

24.3 ! 1.9 bd

-4.7 + 1.8 cf

6.6 ! 1.8 cf

26"8 ! 2.9 ¿l

13.4 ! 1.6 c

17.8 È 1.7 cd

6.9 110.0 cf

-11.8 t 1.1. cf

11 .0 t 1.6 ce

t 1.8 cf

I 1.6 cf

6.2

1.8

I.l ! 2.7 e

3.0 t 1.4 cf

4.O x 1.9 cf

- 7.5 !

-10.2 !

7.3 cf

1.3 cf

1.3 t

+

1.8 be

o.4 O.3 e

o.04 È 1.6 b

9.1 +

+

2 3 ad

-3.7 1.6 cf

-12.8 t 1.2 cf

1.0 t 2.2 be

9.5 t 0.9 cf

2.9 ! 1.7 ce
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These results shovt that l-nsect growth on the test diets was

generally poor, indicattng that such artificial diets do not usually

compare favourably wJ-th natural cliet. Nevertheless they are of interest

because they show that growth rate may well be influenced by speciflc

components in Èhe diet. For instance¡ valine while increasing the

acceptLlity of diet from the poor food plantr had little effect on

consumption and growÈh rate when compared' with controls. Arginine

however¡ had little or no effecÈ on acceptability but generally increased

consumption and increased weight gain (growÈh rate) compared with the

base diet in E. camald lensis diets only. Thís amino acid is known to be

an indispensible dietary component for insects (House, 1958), however it

did not lmprove the performance of 9g I on the E. plgËvPus diets.

This was possibly due to Èhe lower consumption rates on the E. Plggypgs

dieÈ compared to the E. camaldulensis arginine d.ieÈ. Proline on the other

hand, hacl a sllght affect on acceptability¡ generally increased

consumption and weight galn aÈ O.O5M compared with the base and fresh

dÍets for E. PleÈVPgs.

titethLonine and tryptophan sígnificantly deereased weighÈ galn

compared to base diet, in both the test species studieilr despite an

Lncrease in accept.abilíty in the case of tryptophan and consumption in

the case of both amino acids. It would seem therefore that acceptability

and consumption are not positively correlated as found by Beckwith (L976)

and Slansky and Feeny

the diet inferior to

(L977 ). Methionine in

that of the base dietr

particular appears to render

the lnsect comPensating for

this by consuming greaÈer quantities.
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The concentration of amino acids also affects the growth raÈe of

U:. fqgeng, weight gain significanÈly decreasing for larvae on the higher

amino acÍd concenÈration. This is particularly evident in the diets

containing E. camaldulensis and as would be expected appears to be

and 3.3.2.1) which also

acid diets. Therefore the

related to diet

decreases on the

consumption (Èables 3.3.3.1

higher concentration amino

excessively high concentration of arnino acids may "rnask" the real

nuÈritional quality of the dietr the insect responding to this apparent

high quatity by consuming less and consequently having a lower growth

rate. Consumption rate and nutrient value therefore appear to have a

combined effect on growÈh rate and Èherefore may influence fecundities of

adults from larvae fed those types of diet.

3.3.4 Survival

For E. camaldulensis although the final survival of larvae on

artificiat diets is significantly lower than the survival of larvae on

fresh diet a number of patterns have ernerged (see fig. 3.3.4.1, and

tables 3.3.4.1 and 3.3.4.2).

(1) Base diet + ¡rroline (fig. 3.3.4.1 a):

For the early experimental instars survival of larvae on

the proline diet follows closely the survival of larvae

on the fresh diet naterial. The final survival of larvae

on the proline diet at O.01M is significantly great,er

than Èhat on Èhe base diet but lower than that on fresh

diet.



Figure !,.3*.4¿ Survival of !: lgqg4s larvae on different Èest
díets (percentage based on numbers entering
each stadiu¡n).

Fresh foLiage
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Àspartic acÍd

(a)
(b)
(c)



E. camaldulensis

STADIA

STADIA

E. platyPus

PROLINE

100

80

60

40

20

o

VALINE

a

J

¿
Ê,f
a¡
a
z
l¡J

=.

100

80

60

40

20

o

100

80

60

40

20

o

456,7

456

a ..,...,.........-,.

9 10 11

7 I 9 lo 1l

11
1
I4s678910

100

8()

60

40

20

J

¿
&
Ðtt
òa

z
t¡J-

J

z
Ê,f
(t

òQ

z
t¡J
E

8()

60

40

20

o

b

c

o
45674910 lt

ASPARTIC ACID

1()0

8()

6()

40

20

o

a

t

456 78
STADIA

I 10 11 4 5 6 7 I 9 10 11

a
a
a



rlgule 3"3.4.1 cont.

(dr)
(e)
(f)

Fresh foliage

Base dliet

Amino acid, aÈ 0.01M

AnLno acid at 0.05M
-IE¡_I-

Methl-onine
Àrginine
Tryptophan



E. camaldulensis

STADIA

STADIA

STADIA

E. platypus

10 tt

lo ll

10 11

METHIONINE

100

80

60

40

20

o

ARGININE

TRYPTOPHAN

d
100

80

60

40

20

o
456789 4 5 6 7 I I 10 11

4 5 6 7 I I 10 11

e

J

z
Ê,
Ð
at

èß

z
l¡¡
z,

loo

80

60

40

20

o

loo

80

60

40

20

o

456789

f

J

¿
Gt
th
a
z
t¡J
E

100

80

60

40

20

o

1()0

ao

60

40

20

o

456789 4 5 6 7 I I lO II



Pigglg 3.3:4.1 cont.

Fresh folíage

Base diet

Àmino acids at O.O1M

AmLno acids at O.O5trt

(s) eff test amino acids combined.



E. camaldulensis E. platyPus

ALL AMINO ACIDS

100

8()

60

40

20

o

g

J

¿
Éta'
èR

z
t¡J
z,

100

80

60

40

20

o
456 7 I I 10 1l

4 65 7g
STADIA

I 10 1l



64

(2) Base diet + valine (fig. 3.3.4.1 b):

Is similar in patÈern to that of the proline diet wiÈh

the exception of the final- survival for the high

concentraÈion valine diet. This is significantly higher

than survival on the base diet although lower than

survival on the low concentration valine diet.

(3) Base díet

Àlthough

+ aspartic

survival to

acÍd (fig. 3.3.4.1 c):

the 8th stadium

acid diet is

on the high

signi ficantlyconcentration

greater than

curve follows

aspartic

survival on the base diet.r the strrvival

more closely that of the base diet curve.

(4) Base diet + meÈt¡ionine (fig. 3.3.4. 1 d),

The curve for the methior¡ine diet is significantly

ioferior to that of the base diet. It appears thaÈ

methionine in concentrations above ÈhaÈ normally

in a ntoxÍc" effectoccurring in natural dieÈ

on UJugens.

(5) Base diet + arginine (fiq.

For this amino acíd. at the

results

3.3,4.1 e):

higher concentration the

survival curve follows closely the curve for the base

diet. Àlthough survival on the lower concentration diet

is comparable with that on the fresh diet for the 5th

stadium, survival at the 11th stadium is significantly

lower than survival on the fresh diet.
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(6) Base dLet + tryptophan (fig. (3.3.4.1 f):

Again Èhls diet Ls significantly inferlor Èo that of

the base diet, the curve very closely approachlng

a Sloboclkin TYPe IV.

(?) Base diet + all amino acicls (fig. 3.3.4.1 g):

Í'or the low concentration d'iet the curve appears

inter¡nediate between that of fresh diet and base diet.

Survlval is significantly }ess than on fresh diet buÈ

signifleantly greater than on base diet. For the hJ-gh

concentration diet the curve is somev¡hat inferior to that

for the base diet at first but final survival is noÈ

slgnifícantty dLfferent to that on base dlet.

I

I
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Table 3.3.4.1 Mean t Survival (t SE) of U. Iugeqs in
continuous culture on Èest diets with O.0lM
amino acid added; survival recorded at the enil
of the 5th.r 8th. and 1lth. stadia.

Ànalysed as split plot design, significance P < 0'05'
Letters in col-umns refer to respective fresh and base

diets as follows:
a significantly higher than respective fresh diet'
b comparable to resPecÈive fresh diet'
c significantly higher t'han respectÍve base diet.
d significantly lower t,han respective base iliet'
e comparable with respective base diet.

All values significantly lower than fresh diet unless
otherwise indieated.

Diet

E. camaldulensis n' Blg*egg

11
Stadia

It5

Stadia

l' 115

ProI

Val

Asp

Met

Arg

Try

Atl

Fresh

Base

88 r 3.3
bc

76 r 5.0
e

52 ! 6.8
cl

32 r 6.8
d

9A ! 2.O
be

20 t 6.0
d

72 ! 5.3
e

92 ! 4.4
c

BO I 6.6
b

a2

72

32

o

64

33

52

! 4.7
bc

r 6.1
bc

t 7.4
e

ro
d

t 2.7
c

! 4.2
e

r 9.0
c

82 r10.1
c

24 ! 6.5

44 ! 8.9
c

38 r 6.9
c

18 r 5.9
e

38 6.3
c

3 3

d
31 r 7.3

c
73 ! 8.4

c
L4 ! 3.7

+

+

30 r 7.3
e

22 ! 6.3
e

14 r 6.0
d

22 ! 6.9
e

36 r 9.8
e

)+,
d

60 !L2.2
c

96 ! 4.O
c

30 I 6.8

6 i 5.7
c

r 5.9
b

Ê0
c

ro
e

ro
e

to
c

I 3.6
c

! 7.9
c

t0

31

20

0

o

20

I

46

0

or0
b

11 r 5.9
a

0!o
b

o

o

2

+

+

+

c

o

2

b

b

c
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rable 2.24.? Mean s Survival (t SE) of U. lggens in
continuous culÈure on test diet with 0.05M
amino acids added; survival recorded at the
end of the 5th., 8th. and 11th. stadia.

Diet

E. ca¡naldulensis s: pleltpgg

Stadia

It5
I

11
Stadia

It5 11

Prol

Val

Asp

Met

Arg

Try

À11

Fresh

Base

96 ! 2.7
ab

70 r10.0
d

56 r 7.1
c

0t0

84
c

4.7
ad

6.7
c

14!

30 r 6.8
c

92 ! 4.4
b

80 r 6.6
a

8A ! 4.4
ab

77 ! 7.O
ab

50 r 8.0
b

2A ! 6.L
d

30 r 5.8
d

15 È 7.3
d
1

b
5

82 110.

24!6

12 r 5.3
d

24 ! 4.4
b

2!2.2

8t

o+

13 t

73 !

t4!

3.7
d

0
c

13
d

4.7
b

3.7

60 r 8.9
b

48 r 8.5
b

16 r 5.8
c

oÈ0

22 ! 6.2
d

10110
c

34 r 9.0
d

96 ! 4.O
b

30 r 6.8

36 ! 9.3
ab

I r 4.4
b

26 ! 6.7
b

o + o
d

oro
22!8

d
.1
b

.9
ab

46!?

0rc

3!2.9
ab

7 ! 6.6
ab

oro

4!4
ab

2t2
b

Ànalysed as split plot design, significance at P < 0.05.
LetÈers in columns refer to respective fresh and base
diets as follows:

a comparable to respective fresh diet.
b signifícantly higher than respecÈive base diet.
c significantly lower than respective base díet.
d comparable with respective base di-et.

All values significantly lower than fresh diet unless
otherwise indicated.
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On the E. Éagypus diets U.- Iggens- survival did not

that on E. camaldulensis diets and onty in the case of valine

significantly greater Èhan

approach

at the

that onlower concentration is lts survival

fresh diet of E. glgtypgg (table 3.3.4.1 and 3.3.4.2. fig.3.3.4.1 b).The

fotlowing patterns in survival may be seen for the E: pfglypus diets

(fJ.g. 3.3.4.1).

(1) Base diet + proline (fig. 3.3.4.1 a):

At .the higher concentration

approached that of the fresh

survival on the proline diet

diet curve. At the lower

concentration the survival curve fo110ws that on the base

dlet although survival ís signifÍcanÈly higher at the

8Èh. stadium than on base diet.

(2) Base diet + valine (fig. 3.3.4.1 b):

SurvLval on the diets of both concentrations follows

closely t,he survival curve for the base diet at first

then ls sÍgnificantly greater than that on base diet at

,. the 8th. stadium anil significantly greater than survÍval

on fresh dLeÈ at the final stadium.

(3) Base diet + aspartJ-c acid (fig. 3.3.4.1 c):

Survlval at first Ls significantty lower than on base

diet. Although survival is higher than on base diet at

stadium 8¡ but no larva,e survive to pupation (see

sectl-on 3. 3. 5 ) .



(4) Base diet + methionine (fig. 3.3.4.1 d):

Ëhows a similar pattern ùo thaÈ observed for larvae on

E. carnalduleneis diets incorporatlng this amino acid

(i.e. Slobodkl-n tYPe Iv curve).

(5) Base diet + argj-nine (fig. 3.3.4.1 e):

The survival curve for larvae on dieÈs at both

concentrations is not signJ-ficantly different from

larval survival on base diet.

(6) Base diet + tryptophan (fig 3.3.4.1 f):

The survival 0f Ìarvae to the end of Èhe Sth. stadium is

Iower on the tryptophan diet than on the base diet. On

the lower concentration diet survival is signíficantly

8 but no larvaegreater tharr on the base diet at stadium

69

I

survive to PuPation.

(7) Base diet + all test amino acids (fig. 3.3.4.1 g):

survival on the 1ow concentration iliet, is significantly

greater than survival on the base diet although no

larvae survive Èo pupation. Survival on the high

concentration diet is not signifícantly different from

survLval on base diet at stadium 5, however at stadium

It, ls signifícantly higher than on base diet ancl some

larvae sr;rvlve to puPatlon.
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In consisdering the implications of these data two points need

to be emphasised:

(1) Iarvae

stadium

were fed on a good host (!. microc3rpa) Èo the

4 before being presenÈed with the test dietsbegining of

and (2) the base diet was not designed as an adequate diet for

5 fpS9lg larval develoPment.

Therefore larvae at the fifth stadium feeding on the artificial

diets may still have been influenced by nutrients and fat body stored'

during the periocl on their previous d.iet. This may explain Èhe

considerably high survival observed on the E. carnaldglgggig base dieÈ

(Èable 3.3.4.1). Since consumption and growth was much lower on the

E: È.glypus dieÈsr'survival would naturally be lower' This is

particularly evidenÈ in t,he E. glqlvpgg base dieÈ for which there is very

low survival in the fifth stadium and none thereafter. Ilowever the high

survival on fresh E: plglvpgg nay be due to the nutrient value of these

leaves despite the presence of an antifeedant (Cobbinah et al t 1-982).

U. Iu in nature usually do not survive past the fourth stadium on

this egg host¡ however larvae fed on an acccptable plant up to this stage

and subequently transferred to a non prefered host may survive to

pupation (Cobbinah, 1978).

Tberefore in considering the survival data for the fifth stadium

the interesting feature is survival rates below that of the base diet.

Methionine and tryptophan to a lesser degree appear to be toxic to

U. lgge4s. This is supported by the growth rates found on Èhese amino

aeids (table 3.3.3.1). Simílar find.ings have also been report,ed by Davis

(1956) concerning the deleterious effects of specific amino acids on
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insect perforrnance when incorporaÈerf into artificial diets. Although

rnethionine and tryptophan are 'ressenÈial" amino acids for insect

development, their concentration j-n fresh fotiage is exceptionally low

compared to other amino acids such as valine (see chapter 6) ' Therefore

the considerable excess of these two amino acicls even in the low

concentraÈion diet was probably significant enough to interfere with tl¡e

Lnsects natural feeding patterns and performance'

For survival to the later stadia it is interesting to note those

diets on which Èhe larval performance qlas greater than that on the

respective base diets.

E. pfelypus diets, the

survival above that of

Considering both the E.

incorporation of valine

carnaldulensis and

signif icantly increased

the base diets (fig. 3.3.4-1 b). However on the

combined amino acid diet survival was higher than for larvae on the

respective base diet at the low concentration for both eucalypts' Àt the

higher concentration survival was comparable with the base diet for the

díet incorporating t,he good host and higher than the respective base for

poor host diets (fig. 3.3.4.1 S). This may be due to consumption by

u: rgsglg of thís ¿ist (fiÇ. 3.3.2.1) which was significantly lorver than

that for other E. plaËypug diets with the exception of tryptophan.

Àlthough consurnption was much lower on the combined amino acid diet the

amounÈ of amino acids ingested in the high concentration diet may have

been sufficient to mainEain survival- wiÈhout the toxic effect of

methionine contributing to larval performance.
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3.3.5 Potential fecqndity.

TaÞle 3.3.9.1 Mean potential fecundity t SE,
female puPal weight (rnS) from
y = 5.94x - 193.26 (Cobbinah,
where Y = Potential fecunditY
x = pupal weighÈ (*g).

estimated from
the regression
1978 ),
and

*

** L27.5
acl

!.* 42.6

* no survival to puPation.
** only one individual.
Analysed as a split PIot design.
Due to low pupal numbers replicates from each treatmenÈ pooled,
significance at O.O0l- < P < 0.05.
Lett,ers in columns refer to respective fresh and base Oíets as

fol1òws:
a significantly higher than fresh diet.
b comparable to fresh diet.
c significantly inferior to fresh diet.
d significantly superior to base diet.
e comparable to base diet.

*

*

*

*

ad

Diet
E. camaldulensis E. PIelYPo"

Conc. 0.01M Conc.0.05M Conc. O.O1M Conc. 0.05M

Pro

Val

Àsp

Met

Arg

Try

AlI

Fresh

Base

'72.6 ! LA.L
bd

9t.2 ! L6.9
bd

48.3 r 26.0
e

*

73.0 i 13.1
bd

*

86.6 É 20.0
bd

84.5 ! L2.2
d

38.6 r 15.8
c

'13.7 ! 22.8
bd

a3.7 ! 2L.L
bd

*

*

65.3 ! 43.2
bd

*

*

*

** 7.9
ad

*

*

*

*

*

*

*
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For larvae fed the E. camaldulensis test díets potenÈia1

fecunditLes of survivlng lndividuals was similar to those fed:- base d.iet

ptus valine (at both concentrations)e base diet plus aII test amlno aclds

(at O.O1M), base cliet plus argf-nine (at 0.01M) and f resh leaf materl-al.

For larvae fed the E. plalVPss test diets the data is limlted

due to low survival, however poÈential fecundities of the surviving

individuals were lmproved for larvae fed diets containLng valine and t'he

combineil test amino acids (at O.OSM) over tt¡ose on boÈh fresh and base

diets (table 3.3.5.1).

It must be remembered however that fecundity l-s also a funct.ion

of survival. Therefore takÍng an overaLl view¡ the fecundÍt.y of larvae

fed the E. eamaldulensis test diets was significantly lower than

fecundities on the fresh diet although sÍgnificantly greater than for

larvae fed the base E. camaldulensis diet. Whereas larvae fed the

E. plagypus diets did have higher fecundities than the fresh dieÈ

together with the base diet.

Atthough the overall performance of Ut lugens on artificl-al.

diets does not comPare favourably wiÈh Èhat on the

E. camaldulensis) a number of conclusions on

fresh diet of a goocl

n host (

excess amounts of amino acids on the performance of tl. I ens nay be

drawn from this exPerLmentn

the lnfluence of



74

(f) Indl-vidual amino acids influence the acceptance,

consumption and. performance on a diet by varying

degrees compared Èo Èhe base diet. Valine and

proline to a lesser extenÈ slgnl-ficantly improve

larval perforrnance on E. Plglypus diets compared to

fresh and base diets.

(ff) The Lncorporation of specific amino acids

(methLonLne and tryptophan) at concentrations in

excess of Èhose experienced in nature are

deleterious to insect perforrnance.

(tii) The presence of excessive amounts of nitrogen

n¡naskr the real nutrftional quality of the diet

since consurnption is significantly reduced on the

hlgh concentration diets.

The a¡nino acids vallne and proline increase dra¡natlcally in

water deficient plants (Slngh et al, L973a Hsiao, 1-973). Since the

incorporation of vall-ne It E: P]3Ëypgg ai.t" leads to an increase in the

lnsects performance, the performance of L lugeqs on a Poor host plant

may be enhanced when this planÈ l-s subjected to adverse environmental

conditions such as ilrought,. Therefore the oviposition habit of L ltgggg

adult females may leave open the possibillÈy of coevoluÈion of this

species with egg hosts on which the larvae do not often survive.

Investlgation of the effects of water stressed' host planÈs on the

survival and fecundity of u: lgs"gg and variation 1n the chemj-cal

compoeition of the host plant l-n the following chapters may further

explain the results of this experlmenÈ.



Chapter 4

The InfTuence of VariabTe Nitrogen on the Performance

of [Jraba Jg"""-Wa7k. Feeding on Fresh Diet.



CTTÀPTER 4

The influence of variabTe nitrogen on the performance

of llraba Tugens WaTk feeding on fresh diet.

4.1 INTRODUCTION.

The outbreak hypothesis proposed by white (1966, t969. 1974,

L9?6. L978) suggest,s that the abundance of an insect is dependent on the

proportions of its population surviving in the very early sÈages of its

development, for example survival in the first stadium. This survival is

thought to l'^ Ínfluenced'by the proportion of soluble nitrogenous

cc,rnpounds present in Èhe food ptant which in turn is influenced by the

water status of the plant. Whiters hypothesís therefore consists of two

parts: (1) rwater stress" results in an increase in the free amino acids

in the ptant ¡ (2) this increase in free amino acids results in a higher

eurvival rate of the early instars of a phytophagous insect.

ft is well koown Èhat water stress dramatically increases the

amount of certain free amino acids in the plantrs foliage (see review

section L./r. Implicj-t in the second part of Èhis hypothesis is the

assumption that nitrogen is the límiting nutrient for an insect feecling

on a plant; rnoreover the amounÈ of nutrient provided depends on the

growing conditíons of the food plant which therefore indirectly regulate

the insect populaÈion feeding on it,.

A number of researchers have found that the rate of growth of

phloem feedÍng insects is directly correlated with the amount of soluble

nitrogen in their food plants (van Emden and Bashford, L97L¡
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McClurer 1980;

rrater stressed

Miles et al, L982a). However working with such insects on

plants leads to conflicting results, possibly due to the

insectrs reliance on the plant¡s turgor (Kennedy et al, 1958; Kennedy and

Booth, 1959).

chewing insects therefore offer greater opportunities for

determining the influence of a plantrs physiological status on the

performance of its insec.u population. However very little work of this

nature has been done using such a phytophage.

Fox and Macauley (L977) found that the performance of rg=gpslg

alg$glle OIiver on various species of Eucalyplgg was closely related to

the leaf nitrogen content. However Slansky and Feeny (L977 ) found that

Eiggig lgpae (L) had a si¡nilar growth rate on different species of

crucifers with variable nitrogen content. A high Ievel of proline, an

amíno acid which increases dramatj-cally in waÈer stressed plants has also

resulted in a variable response from phytophagous insects. Haglund (1982)

found that hiEh proline levels increases the feeding rate of

grasshoppers. Ilowever Bright et al (L982) working with high proline

barley varieties found no increase in the performance of a number of

insect species, including a grasshopper, fed on these plants. Similarly

Miles et al (1982b) found no increase in the performance of 3. atomaria

when fed water stressed leaves of E. camaldulensis.

Because of such variations in the response of insects to

nitrogen fluctuat.ions in their dietr it was decided to test the influence

of variations in nitrogen conÈent in fresh diet on the Performance of

subjecting potted plants of

recording the survival¡ development

u. T ens by two means. ExPeriment I:

n. gggglgulensis to stater stress and



77

and fecundity of larvae fed on these plants. ExperimenÈ II: varying the

free amino acid content in the leaves of a range of egg hosts for

U. Iuge_ns by standing branches in a number of different aqueous solutions

of amino acids and recording the survival of the first instar.

Eucelyplug. camaldulensis is a good food plant for U. luqens

(cobbinah, 1983), survival of early instars is high, it is only in the

elghth stadium thaÈ the survival curve follows the decline typical of

Slobodkinrs type I curve (see Introduction chapter 2 fí9.2.3.1 and 2'4'l

e). It would therefore be expected that survival of Èhe early stadia

would not vary significantly from that of the control plants. If Whiters

hypothesis holds true however survival may be greater in the latter

stadia on planEs with a high nitrogen content.

Eueelyplgg Pf3lvpgs and s. aslligggns are poor hosts for

u. I ens

there is

(see Chapter 2 fig.2.A.t a ancl b).

usually no survívaI past the fourth

For larvae on E._ PlatYPgg

stadium and on

E. astringensr no survival past the second stadium. The low survival of

U. lugens on these species has been attributed to the presence of

antifeedants (Morgan and Cobbinah, L977¡ Cobbinah et al' L982; Cobhinahr

1983). However in some seasons on such poor hosts the survival of

U. lugens has been observed to increase, some insects surviving to adults

(Morgan and Cobbinahr L9'17¡ Cobbinah, L978). Applying Whiters (1969,

19ZB) hypothesis, an increase of free amino acids in the plantrs foliage

may influence this change in survival. Therefore in Experiment II an

increase in the survival of first instars feeding on poor food plants

artificialty provided with a higher complement of amíno acids, could

support Lhe second part of Whitere hypothesis. This would arise, not
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because nitrogen was in critLcatly low concentrations in the plants, but

because addit.ional amounts of a¡nino nitrogen may counter the affects of

the antifeedanÈs present (see Cobbinah et aI, 1982).

4.2 MÀTERIALS AND IqETHODS.

4.2.L ExperlEett I: The influence of ldater stress on the performance

of U. lugegs

4.2.L.1 Food plgggg

Saplings of river red gum (I- ggggldulensis) were

grown in five litre pots containing river sand and maintained in an

insect proof field cage. The saplings l{ere watered at two daily intervals

and supplied monthly with the water soluble fertilizer "Thrive" prior to

the experiment. For tlre experiment, saplings of a uniform height (approx.

lm) and vÍgor were selected and randomly allocated to three watering

regimes (fig. 4.2.1. 1.1):

(1) Control: Soil kept

6OOml of

in a moist condition by applying

distilted water per daY, so that

the leaves remained turgid. This was assesed

by measuring the angle of t,he leaf to the

stem ( Elias, 1981¡ t'liles et al' 1982 b ) .



Flggle a.?z!zL:-L V{laùering regimes for Experiment I.



CONTROL

DROUGHTED

WATERLOGGED

sand + 600 ml. of
wat6r p€r day

sand + 2OO ml. of
watef por day

cotton wool

nettlng

foota undef
constant saturallon



(2) Droughted:

(3) Waterlogged:

The experiment

and with a 12 /L2 }lour

treatment.. Saplings were

conilitions and t,hereafter

equilibrated for a further

treaÈments.

4.2.L.2 l4eeglg

Egg batches of

the fie1d. one hundred

placed on the test plants. This was done by

when the eggs htere at the black head sÈage

leaf portlon and eggs to
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lûatering v¡as ceased untÍ1 the water

potential reached - 25 bars (rneasured on a

pressure bomb psychrometer). The saplings

were then watered with 2O0ml of water per

day in order to maintain their stressed

conditionr such that the angle of the leaves

to the stem was between 30 - 40 degrees¡

a predicted water potential of - 24 bars

(Miles et al 19e2 b).

The potted saplings !{ere placed in 10 litre

water proof containers so that the plants

could bé continually flooded with water.

was conducted in a controlled environmeht of 30"C

Iight / dark period with for¡r replicates per

equilibrated for three days in the above

subjected to the three watering regimes and

three days before placing the insects in the

It: lngegs were collected from E. camaldulensis in

newJ-y ecloded Iarvae from each egg bat,ch were

cutting around the egg batch

and attaching the remaining

a leaf on the test plant by means of a PaPer

ensure a minimal arnount of the originalclLp. Care

oviposition

was taken to

site remained without harming the attached eggs so that the
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newly eclosed larvae would have to move quickty onto the test plant to

feed. Àt the sixth stadiurn l-arvae were transferred Èo new test plants

which had been subjected to the sa¡ne test watering regimes for the same

ti¡ne. Their numbers were reduced to 20-30 on each plant in order to

decrease the feeding load on the plant. This atso reduced disrupÈion of

Èhe larvae by frequently tansferring them to new food plants.

Larvae were reared through to pupaÈion and the following

parameters \dere recorded: survival of the firstr second, sixth and

eleventh ínstars; duraÈion of the first seven stadia measured as time

taken in days for 60t of Èhe population to rnoul-t to the next insÈari

potential fecund.ity using'the regression established by Cobbinah (L978'

1983i see also chapter 3, section 3.2-2).

4.2.2 ExpeEiment II: The influence of variations in nitrogen

concentration in three different food plants

the survival of first instar larvae for

on

u. I ens.

Branches with a nurnber of rnature leaves were collected from,

E. camaldulensisr E plalypos and E. asËringens from the ltlaite

Agricultural Research Institute aboretum and placed i¡nmediately in water.

These branches wêre transported back to the laboratory where they were

placed l-n a number of þreprepared aqueous solutions of amino acids for

twenty four hours at 25"C.

Egg batches of u, lggens were collected from the fíeld on

E. nicrocarpg in order to prevent Èhe influence of 'rparent imprint"
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survival could be rnade. The

twelve hour light Period Per

The treatments were

(Jermy, 1965¡ Hovanitz, 1969) and transferred to the treatments at the

black head stage as described above (section 4'2']-'2'' The number of

newly ecloded Larvae were recorded so that an estimate of first stadium

treatments lvere maintained at 25oC and in a

O.O2t (w/w); Proline at 0.02t

day for the duration of t,he experiment.

as follows: distilled water¡ proline at

plus glutanic acid, histidine, cysteine,

threoníne, leucine, valine¡ all at O.01t. The treaÈments were replicated

four times. I

I



a2

4.3 SEgglrg åNP Drscuss TON.

4.3.1 Experiment I

4.3.1.1 Lenq!Þ

Table

of stadia

4.3. 1.1.1 Mean staclial length in daYs t SD.

Stadium
Watering Regime

ConÈrol Droughted 'rlaterlogged.

1

2

3

4

5

6

7

4.0 t O

4.5 I 1.0

4.5 t

+

t

t

I

0.6

4.3 0.5

3.5 0.6

4.5 0.6

4.3 0.5

4.0

3.8

4.5

4.5

3.3

4.5

4.0

+

+

t

+

+

+

t

o

0.5

0.6

0.6

0.5

1.0

o

4.0 t 0

3.8 +

t

+

+

+

+

0.5

4.5 0.6

4.0 0

0

0

o

4.0

4.0

4.0

Ànalysed using 2 way analysis of variance.
No signifÍcant difference in length of stadia
between treatmenÈs (P > O.O5).

The water sÈatus of the

rate of U. lugens as measured bY

dietary deficiencies suPPress or

assumed that the diets used rvere

plant did not influence the development

stadial length. AccorCing to Beck (1950)

retard moulting, therefore it may be

nutritionaly adequate for U" lugens.



Eiggre a:.3.1:?:l Mean percentage survival of g. lggggg
larvae on E: cagglgglgggig subjected
to three d.ifferent watering regirnes.

Control

Droughted IE-----I

Vüaterlogged rat¡¡r¡r¡¡ltr¡trrra
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a

a

o

a
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100

60
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4.3.1.2 ggfylgef . (f is. 4.3.t.2.t)

Table 4.3. -2 -t Mean percentage survival !
on potted E_. camaldulensis
watering regimes.

SEt
in

o\
of vari{nce.

< O.O5 from control.

of U. !9S".=
d.i f f erenÈ

Analysed using 2 waY analYsis
* significantly different ât P

In general terms the overall survival of !3 lggens on

E. camaldulensÍs was not influenced by the Èreatment watering regimes.

The signifÍcanÈIy lower survival of larvae on the waterlogged plants at

stailium VI rì¡as due in part Èo the experimental design. The larvae at

stadíum VI were significantly more active than larvae of the previous

stadia, this behaviour pattern being considerably more obvious in Èhe

stressed treatments probably due to

Larvae at thís

stress - induced changes in the

quality of

exhibit the

stage of

gregarious behaviour necessary to

instars (Cobbínah. L97e) and become more active in searching for fresh

feecling siÈes but this did not explain the noticeable increase in

searching by larvae on the stressed. plants. A number of larvae from the

waterlogged treatment $¡ere therefore d,rowned in the water reservoir

the food. their deveLopment no longer

the survival of early

Stadium
tilatering Regimes

Control Droughted WaÈerlogged

I

IT

VI

XI

100 to

98.2 t 0.5

95.7 t 1 .0

63.3 ! 7.7

100 to

97.9 ! O.7

90.L t l-.8

54.t ! I4.2

100 rc

90.0 r 1 .6

*51.4 116.3

43.8 ! 9.4



despite the netting secured around

designed to prevent this occurring.

84

the base of the tree which was

At stadium VI a fresh netting trap of

stronger material was secured around the base of the sapling which was

surrounded by a non-absorbant cotton wool pIug. This measure prevented

such losses in the succeeding st,adia.

4. 3.1. 3 Potential fecund itv

Tabte 4.3.1.3.1 Mean poÈential fecundity (MPF) i SE, of
subjectedU. lugens fed E. camaldulensis

to different watering regimes.

Analysed using one $tay analysis of variance due

to no significant difference between the repli-cates.
Different lett.ers indicat,e significant difference at,
P < 0.001.

* Potentiat contribution to next generation by test
population based on a sex ratio of 1.

The water status of Èhe plant. significantly influenced the

potential fecundity of g. lgS"g=. fn other words larvae feedÍng on

E. camaldulensis subjected to drought or iûaterlogging were 40t

potentially more fecund than larvae feeding on plants under an adequate

watering regime. Sínce survival was not influenced by the different

watering regimes the potential population for the succeeding generaÈion

of gs lugens fed droughted or waterlogged plants should be greater than

MFP

*CNG

Waùering Regimes

Control- Droughted l{aterlogged

L64!26 a

519 1

242!t8 b

6546

229!21 b

so15
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for larvae fed plants not subjected to water stress. The inference frorn

these results is that stress leading to higher amounÈs of certain amino

acids in leaves of a good food planÈ may slightly decrease survival of

certain instars but significantly increases the size of individuals and

therefore their fecundities.

4.3.2 Experimen t TT: The influence of variations in nitrogen

concentrat,ion in three different foocl plants on

Èhe survival of first instar larvae of U. IgSegg.

Igblg !.?r?zL Mean s survival of first instar larvae + SE'

* Líving P1ant.
Analysed by one !,ray Anova, no significant difference between
amino aci-d treatmenÈs or from living ptant control (P > 0.05).

TreaÈment

Food Plant

E camaldulensis E. platypus E. astrin

Dist. r.tater

Pro

Pro + Val

+ clu

+ His

+ Leu

+ thr

+ cys

*LP

63!22

99r 1

100r o

94! 1

91 r 6

85+ 9

86r 2

98r 2

100f o

14r 2

14t 3

20! 3

16r 2

t4! 4

L4! 3

14r 3

14r 2

315t

o.5 r

1.3 +

4.8 r

1.8 t

1.3 +

2.0 t

1.8 t

1.5 +

ot

0.5

o 8

1.8

o.6

0.8

L.7

1.S

o.7

o
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Survival of the first stadium was signifÍcantly

poor egg hosts E: glgËVpus and E' aqtringens than on Eg

lower on the

camaldulensis.

However increasing free a¡nino acids in the Leaves of these plants <1id not

eígnificantly increase larval survival (table 4.3.2.1) as might be

expected from lithiters (1969, 19?8) hypoÈhesis. Although the survival of

Iarvae on E . camald.ulensis in distilled v¡ater was observed to be lower

than the live Plant

4.3.2.1) ' this value

control or the proline + valine treatment (table

s¡as not significantty different. This result can be

attributed to Èhe variation beÈween replicates in the distill-ed water

treatment where, ín one replicate no larvae survived past the first

lnstar. Since egg bat.ches for this experiment were obtained from Èhe

field and not from laboratory culture it is probable that an unkown

biological factor outside the control of this experimenÈ, may have

influenced the survival 0f the insects in Lhis treatment.

The effect of the proposed anÈifeedants (Cobbinah et al, l'982)

present in the poor egg hosts was therefore not significantly overcome by

increasing the soluble nitrogen components of the leavesr alÈhough there

appears to be a trend of higher survival- on the proline + valine treated

plants. This ís particularly evident for larvae fed E. estrlngens, where

survival is nine times greater on the proline + valine treatments than

for the distilled water or living plant controls and two t'o three times

greater than for the other E. astringp!! treatments. This trend supPorts

the findings dÍscussed ín chapÈer 3r where the addition of valine to the

E. pralypus base diet significantly increased survival of g. Igs=!"

larvae cornpared to survival on the base and fresh diets of this eucalypt
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(tables 3.3.4.1 and 3.3.4.2). rf there is any supporÈ for Whiters (1966)

thesis that increased nitrogen in the food plant influences the outbreak

dynamics of defoliators in these daÈa, it may not be a general increase

in the total nitrogen in the food but rather the increased availability

of specific amino acids that rnay initiate improved survivaL of early

instars of a phytoPhage;

Ehese results suggesb that the survival of U. lggens does not

increase on a good host plant subjected to water stress. Although the

survival of U. 1u s is high in the initial stadia on such a plant it

níght be expect.ed that survival of the

flhiters (1966' ]-969' ]-978) hypothesis

This is supported bY

capacity for increase

the work of Miles

latter stadia may be

is valid, but this did

et al (L982 a and b).

increased if

not occur.

However the

in an insect population is also dependant on the

insect,rs fecundity. The potential fecundity of g: fgg"gg dramatically

l-ncreased on waÈer stessed plants (table 4.3.1.3.1). Therefore as the

survival of 9: lggens was not influenced by the d.ifferent watering

regimes its capacity for population increase lvas draroaÈically enhanced,

unlike the findings of Miles et, al (L982 b), where no increase in

fecundity was observed for P' atomaria fed water stressed

E: camaldulensis.

Increasing the soluble nit,rogen component in poor egg hosts for

U. lqgens also did not significantly increase survival of the first

instar. This suggests that poor survival of U. lggegg on these plants is

mainly influenced by the secondary compounds of these plants as Cobbinah

et aI (L982) has indícated. fncreasing the soluble nitrogen in plant
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folJ.age by means other than waÈer stress may not involve the same

physiological processes in the pÌant's metabolism. Míles et aI (1982b)

reported an increase in free amino acids and a decrease in plant phenols

in water stressed E. cagalÈglgggig saplings. It has been proposed by a

nu¡nber of authors (Feenyr 1968' 1969¡ Todd et al, L97l¡ Chan et alr L978¡

Mansour, 1991, ]-982¡ Isman and. Duffey, L9$2t Mansour et aI t 1982¡

Sutherland et aI, :-g82) that phenols render plant nit,rogen Ìess available

to phytophagous insects. If plant nitrogen and phenols are negatively

correlated (Mites et al, 1982 b¡ Morgan, 1984) then it is possible that

nitrogen will be more available to insects feeding on water stressed

plants which may also contain lower l-evels of antifeedants girring a

two-way benefiÈ to the phytophage aÈtacking Èhem.

The inftuence of phenols on nitrogen utilization by g: lggens is

therefore ínvestigated, in the next chapter.
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The InfTuence of PhenoTs on AssiniTation of diet

by Uraba lggp Wa7k.



CqAPTER 5

The infTuence of phenols on assiniTation of dÍet

by Uraba JyS"ns.

5.1 rNl'RODUCTION.

plants are known to contain a wide range of secondary compounds

or allelochemics (long considered as non-nutritional compounds produced

by one organism rchich affect anotber, I{hittaker 1970). These terpenoids,

steroidsr alkaloids and phenols (l{hittaker and Feeny, t97L¡ Harbourne,

L972. L976,1977) appear to be involved ln the protection of plants

against herbivores, such as primates (OaÈes et al¡ 1980) r snails

(Geilsman and McConell, 1981), phytophagous insects (Feeny, 1968' L975.

t976¡ Levin¡ ]-976 a¡ Rhoades and Cates, !976 ) and fungi (Chattopadhyay

and Bera, 19BO¡ Kritzman and Chet, 1980; Haars et alr 1981¡ Alfensas et

alr 1982). Bernays (L979, 1981) considers thaÈ generalisations concerning

the roÌe of these compounds can be misleading since it has been found

that the presence of some tannins in insect food are necessary for their

conÈinued growth, development and reproduction (see algo Kato, 1978;

Bernays and Vloodhead, 1982 a and bt McFarlane and Distlerr 1982). In

another example, high levefs of phenols and tannins in the natural- cliet

of paropsig agglglia OIiver does not retar'J this insectrs performance

(Fox and Macauley¿ ]-977r.



90

However¡ considering those plant secondary compounds having

plant protective capacities, their specific mechanisms (see Klocke and

Chan, L982) include:

(1) reducing the availability of clietary proteins and amino

acl-ds (Feenye t97O¡ Davis et al, L978¡ Reese, ]-97A¡

Lunderstadt and Reymers, 1980) and / or inhibition of

enzymatic ctigestive activity in Èhe gut (Appelbaum et al,

L964¡ Goldstein and Swain, 1965¡ Appelbaum and Konijin,

t966t Feeny, L969¡Deloach and Spates, 19BO).

(2) direct toxicitY (Feeny, 1970).

and (3) repellence or antifeedant effects (Lipke and, Fraenkelr

1976¡ Reese' 1978).

The inhibition of growth in Helj-othis zea (Bodd.ie) larvae fed

varl-able amounts of condensed tannin in artificial diets was found to be

due to reduced diet consurnption rather than to a decrease in assimilation

of the diet (Klocke and Chan, 1982). À number of other stu,fies have also

reported the influence of planÈ secondary cornpournds as feeding deterrents

for insects (Aeakawa et alr 1980¡ Fisk, 1980; Gillenwater et aì', 1980;

Montenegro et at, 1980i Mansour, 1981; Hatfield et al t t982¡ Mansour et

â1, L982¡ RusselL et al, L9A2t Miller and Feeny, 1983; Hutchins et al,

1984). However the incorporation of low molecular weight phenolics such

aa chlorogenic acicl and rutin into artificial diets did not inhibit

feeding of L zea despite their toxíc effecte (Isman and Duffey, L982).

There is a paucity of evidence for a ndirect toxicn action of

plant seeondary compounds (i.e. decreased insect performance due to other

than decreased diet consumpt,ion or assimilation of dieÈary nitrogen.
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Although a number of studies have indicated that certain allelochemics

are toxic (Àpplebaum et al ' L969¡ Tod'd et al ' t97t¡ Thorpe and Briggs,

1912t Sutherland et ale L9B2) diet consumption and / or assimilation of

the test dieÈ is often not reported. Bernays (197S) studied. the effect of

condensed and hydrolysable tannins on Èhe survival, growth¡ consumption¡

digesÈ{on and efficiency of conversion of ingested food for a number of,

grasshopper species. Digestion was not reduced by the addition of tannin

to their diets. The deteterious effect of hydrolysable tannins on Locusta

migratoria L. was found to result from Èannin passing through the

perÍtrophic ¡nembrane damaging the epitheliurn of the miclgut and caecae

thereby decreasing assimilation.

The phenols chlorogenic aeid and rutin (Isman and. Duffey, 1-9g2)

did not significantly decrease diet consumption, digestability and

utitization by laÈe instar larvae of H. zeq despite a chronic inhibition

of growth of the early larvaL instars. Since larval growth in this

experirnent $¡as rapidly improved when larvae were transferred to the

control dieÈ, the effect of dietary phenols on this insect was most

lÍkely not the same as that observecl by Bernays (197A) for f:. nig=êlgria.

Inhibition of feeding behaviour and / or limitation of the availability

of some essential nutrienÈs during the early stadia of Eg zea seems a

probable explanation wíth the laÈer instars overcoming these effects as

they became rconditioned" to the diets.

The influence of ptant allelochemics on the availability of

dietary nutrients to phytophagous insects has been investigated by Feeny

(1968, 1969), Mansour (1981) and Mitler and Feeny (1983). In each case

the presence of increasing amounts of plant secondary compounds reduced
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both growth efficiencies and efficiencies of conversion of the test

diets, itowever, Slansky and Feeny (1977) have pointeil out the capacity of

some insects to compensaÈe for low availabÍJ-ity of nutrients by adjusting

their feeding rates, but in the studies by llansour (1981) and Miller and

Feeny (1983) stabilization of nutrient accumulaÈion did. noÈ occur since

feeding rates also decreased.

UEaba luSggg Walk increased its biting response when fed

artificíal diets containing the phenols galtic acid and chlorogenic acicl

(Cobbinah, Lg78). It is therefore possibte that¿ unless these cornpounds

are acting exclusively as phagostimulants¡ they may act as tcuesI for

IL hS=*Ê thus cornpensating for decreased nutrient availability in dieÈs

(see' also SIanskY and FeenY, t977r.

À series of chemotaxonomic surveys by Hillis (1966 a and b, 1967

a b c and d) outline the phenolic compounds present, in Eggglyptos. Table

5.1.1 summarises this work in the context of egg hosts assigned Èo three

categories of food plants of g: lggens. The phenols listed present no

obvious differentiation between the egg host plants tabulated and their

raÈing as food planÈs for larvae of U. luge¡rs. Horeever, the

concentrations of phenols such as quercetin varies within an individual

species (see Hillis, 1966a), compared with gallic and ellagic acids which

remain relatively constant within a species (see table 5.1.1 and [fillis

1966a ) .

Therefore in investiga.ting the inftuence of phenolics on the

assimilation of dj-et and, in particular, dietary nitrogen by gg lggegg, a

spectrum of phenots was seiected represenÈing the range of concentraÈions

present i. Eggglyptus. These phenols were: gatlic acid which is present
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in high concentrations and remains retatLvely constant within and between

species¡ quercetLn which although present in high quantiÈies, varies in

concentratíon wiÈhin and between species¡ and caffeic and chlorogenic

acids, present at relatively tow concentratj-ons in the leaves of

EggelvPËgg sPP.

It mlght be expecteÉl that, since chlorogenic and caffeic acids

are present at low concentrations in the food plants of U. lugeng (table

5.1.1), an íncrease in their concentrations may significantly affect

feecting and / or assímilation of dieÈs. However, the performance of

u. lugegg fed gallic acid roay not be influenced by increasing

concentrations of this phenol since it is present at consistently high

concentrations in its natural food. ThaÈ is, Ut lugegg may have deveJ.oped

a ldetoxifyingñ mechanism for this phenol whereas quercetin may influence

the assimilatl-on of diet and dietary nitrogen since its concentration is

variable within and between Eucalyptus species. It could therefore

represent a component of diet which could perhaps influence feeding and

nutrition of defoliators as its concentratÍon varies under the lnfluence

of currently unkncwn factors in the environment of a species such as

U:. lgg=rg.
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5.2 I'{ATERIALS AND METHODS.

5.2.1 Diet

A modified version of Irlarclojors (1969) diet for Pieris brass icae

was used into which was incorporated a number of phenols at different

concentrations. The specifications and preparation of the diet are

outtíned below:

5.2.L.1 $!ggk solutlons ggq tnixlglgg.

(a) An aqueous solution of potassium hydroxide made

such thaÈ 5Oml KOH solution contains 0.569 of KOH.

(b) Vitarnin B stock solutlon containÍng:-

Niacinamicle O.1 S

Ca pantothenaÈe O.O5 I

Pyridoxine ItCl O.O25 g

Riboftavin O'O25 g

Thia¡nine HCt O.O25 g

Fotic acid O.O25 g

Biotln O.OO1 g

p-amino benzoic acid O.O25 g

rnade up to 100m1 wiÈh distilled water.

(c) Fatty acid - sterol mixture:-

ß-sitosterol 0.036 g

stigmasterol O.02 S

cholesterol 0.009 g
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dissolved in -

olelc acid O.45 utl

LLnoleic acid O.O75 ¡ul

Línolenic acid 0.225 mI

in a waÈer bath at 100 degrees Celsíus.

5.2"L.2 PreBaration

2.Og of vitamin free casein was clissolved in 5Oml of

KOH stock solution. To this was added the following:-

amggg! in g¡ans

Àlburnin 4.0

Sucrose 2.O

Glucose O.5

Fructose O.5

Potato starch 4.O

Cellulose 4.0

Inositol O.O4

Ascorbic acid O.4

Menadlone O.O05

Wessons Salt Mix. O.5

Vltamin À palmitate O.01

Sorbic acid O.15

Methyl p-hydrobenzoate O.1

Streptomycin sulphate O.O2

Lecithin O.15

Fatty acid sterol mixture 0.75 ¡nI

B vitamin stock solutÍon O.5 ml
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The resultant ¡nixture was then genÈly homogenised, afÈer which 69

of lyophilised leaf material of E. camaldulensis ( prepared. as in

chapter 3¡ section 3.2.L) was ad.ded.. Davis Bacteriological Àgar

(3.5g) was dissolveil l-n 4OrnI of hot distilled waÈer and added to

the above rnixt,ure which was stirred throughout preparation, then

poured into a heat, sterilised petri dish as the mixture cooled.

The diet was stored at 1oC until use.

From this base diet the following phenolic treatments were

prepared: base diet alone (diet + no phenol); diet + quercetin¡ diet +

gallic acid; diet + chlorogenic acid¡ diet. + caffeic acid. Each of these

phenols was incorporaÈed inËo the diet at a range of concentrations for

each phenol of O.Ost, 1.Ot? 5.0t, 1O.OS (W/W) r with Èhe exception of

chlorogenic acid¿ which, due Èo its high cost, was incorporated at the

folÌowing concentrations, O.ltr O.5tr 1.Ot, 1.89. These concentrations

included the range of concentrations of total phenoÌics founil in mature

leaves of E. camaldulensis; ví2" 4 - 1Ot per gram dry wieght of leaf or ?

(G.S.Taylor, pers. comm.i also see- 5t per gram fresh weighù'of leaf

chapter 6).

Determination of the formulation of the base diet (itiet with no

added phenol) involved a number of feecling triats. Larval feeding on the

3riSinaf 
diet (I{ardojo 1969) was poor compared wiÈh feeding on the

E. camal<lu1ensis base diet used in chapter three. Therefore a number of

modifications were made incorporating knowledge of the Cietary components

thaÈ influence Èhe feeding of U. lugens (see Cobbinah¿ 1978). The

modifícatións were as follows.
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Casel-n hydrolysate was deleted from all the dieÈs since larval

amount of

The sugars

sucrose, they

feedÍng improved with its omission. For the same reason the

potato starch was reduced and choline chloride was omitted.

glucose and. fructose were added since, in combination with

act synergistically to dramatically improve larval phagostinuLation

(Cobbínah, Lg78). Since U, Iugens prefers to feed on diets of a very hard

consistency the amounts of agar and cellulose were increased. Although

these modifications alone increased larval feed.ing sígnificantly above

that of the original Wardojo (1969) dietr it dicl not cornpare favourably

with feeding on fresh dieÈ and was insufficient to maint.ain a comparabl-e

survival with that on fresh diet through several successive stadia. À

nurnber of volatiles present in nucalyntgg spp such as cineol, Iímonenet

caryophylene, ct- and S- pinene, cymene, 0- and J- terpine, sabine and

carene were therefore tested for their potential as phagostimulants,

however these were unsuccesful. It was therefore necessary to include

E: cagtlgulenqis leaf powder in the experimental d.iet. The minimum amount

of leaf powôer necessary for improved feeding by the larvae was therefore

added. ft is apparent from these preJ-iminary feeding trials and

Cobbinahrs (L97e) work that there is a phagosti¡nulant or a combination of

leaves of good food plants of U. lggegs thatphagostimuÌants present in

have not as yet bee¡r recognised.
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5.2.2 Insects

I¡arvae of U.lggens r{rere colleeted from E. qa¡naldqlensís in the

field and reared on fresh leaves of this eucalypt in the laboraùory until

they noulted to the seventh insÈar. These were fasted for t'wenty four

hours before being assigned randomly to the tesÈ diets which were

presented as decribed in chapter three. Four larvae were placed on each

test cliet and the treatments replicaÈed four times. The larvae were fed

the test diets for five days at 25 degrees Celsius in a 12 hour light

regime. The diet was changed every two days and all diets vtere presenÈed

to test inseets in sterilised 9 centímeter glass petrÍ dishes.

1

I

I
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5.2.3 Experimenlgl P!999qglg-=-

The rnean dry weight of each diet was calculated by weighing ten

samples from each test diet prior to a test. Each diet was the oven dried

at 110 degrees Celsius and reweighed to give the data from which both dry

weight and moisture content were obtaineil. Before the larvae were placed

on a test diet its fresh weight was recorded. f{hen the diet was changed,

the food rernaining trras removed fron the test arena, dried anal q¡eigbed so

that the dry vreight of diet consumed coulit be calculated. Frass hlas also

collected from each test arena at this time, drÍed anil weighed to

calculate the diet utilized and discardect by the insects.

The total nitrogen in both test diets and frass was estimated

using the Micro Kjeldahl technique as follows:

A pre-weighed amount of oven dried, ground diet'or frass was

placed in a 1o0ml pyrex test tube to which one Keltab and 4m1 of

concentrated sulphuric acid was added using an automatic díspenser- The

samples were Èhen heated on a digestion block using a pre-programed

Tecator Controller. the temperature program Ì.¡as as described in table

5. 2.3.1 .
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Table 5.2.3.1 Temperature prograrn for Micro Kjelclahl
proced.ure.

Step
Time

hr. min.
Temperature

oc

1
2
3

4
5

6.
0.
1.
2.
Ê

oo
15
oo
1s
o0

t20
155
317
359

cool to room temp

After the solutions had cleared the digests lvere cooled before adding

5Orn1 of doubte distí1Ied water and shaking. The total nitrogen presenÈ in

the sample was Èhen estimated on an ¿¡1¡e ¿nalyser.

Utilization (assimilaÈion) of nit,rogen was then calculated using

Taylor and Bardnerrs (1968) equation:

S utilizatíon of diet =

t (ory weight of food consumecl - Dry weight of faeces)

/ Dry weight of food consumed I x 100

whích was modifiett to read:

t utilization of nitrogen =

[ (Àmount of niÈrogen consumed from diet

- Àmount of nitrogen in faeces )

,/ Amount of nitrogen consumed. fro¡n diet I X 1OO
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The percerrtage utillzatlon of diet is equJ-valent to Yfaldbauerrs (1968)

approximate digestability or assimilation efficiency.

Since some assLmitated nitrogen is excreted in the form of uric

acid, allantoín, allantoic acid. and other cornpounds (Bursell t L967 ¡ Kahn

et aI, 1,976) and the Kjeldaht technique used was not modifj.etl to include

nLtrate and other organic compounds (see Bradstreet, 1965), the data

probably underestimated Èhe true level of nJ-t,rogen assimilation or

nitrogen assi¡ni-lation efficency recorded.



TaÞle 5.3.1.1 lilean arount of dieÈ censumed (n9) per Lnsect
overSdlàyetSE.

t ConcentraÈl-on of Phenol l-n Dlet
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Ànalyse¿l by Duncanrs Multip].e Range Test.
Dj-fferent letters in rows and columns indicate significance at P < 0.05
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5.3 RESULTS ÀND DTSCUSSION.

See appendix 5.3.1.

5.3.1 Diet consumPtlgg

It mighÈ be expected that if the presence of phenols in a plant

are an evolutionary aäaption for means of ndirect'r or immediate plant

protection¡ then consumption of a diet, would be inversely proportional to

the amount of secondary plant compounds present in that diet. This has

been recorded in a number of studies on the effects of phenolics on

insect consumption (Asakawa et al, 1980; Físk, 1980; Gillenwater et al,

19BO; Montenegro et alr 1980; Mansour, 1981¡ Hatfield et al, L982i fsman

and Duffey, 1982¡ Klocke and Chan, !982¡ ìlansour et al. 1-982¡ Miller and

Feeny, 1983¡ Hutchins et al 0 L9B4). the reduced rate of consumption being

closely paralled by the reduced growth efficiencies recorded.

However, for the artificial dieÈs presented to 9: lugens,

consurnption dj.d not decrease significantty from thaÈ of the control diet

J.n any instance (tab1e 5.3.1.1). Consr:mption of the diets contaÍning

caffeic acid and quercetin !Íere comparabLe to that of the control diet

(table 5.3.1.1t figs. 5.3.1.1 a and 5.3.1.2 b). Incorporation of

chlorogenic and gallic acids into the base diet significanÈly increased

consumption rates (tabte 5.3.1.1, figs. 5.3.1.1 b and 5.3.1.2 al.



Figgre s.3.1"1 Amount of test diet, consumed (*S)
per insecÈ over 5 days.

(a) Caffeic acid
Regression: y = 30.92 + 9.72*
Not significant (T = 1.15, 19 df;
P > 0.05)

(b) Chlorogenic acid
Regression: y = 23.2O + 27.2Ox
Significant (T = 7.59, 18 df¡
P < O.OOI)
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Fl-gure 5.3.1.2 Amount of test, diet, consumed (mg)
per insect ovèr 5 days.

(a) GaIlic acid
Regression: y = 35.78 + 0.31x
Not significant (T = 0.36, 16 df¡
P > 0.05)

(b) Quercetl-n
Regression: y = 29.62 + 1.OBx
Not significant (T = 1.871 19 dfl
P > 0.05)
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If the presence of phenols decrease an insectrs utilization of

dietary components, then, accoriling to Slansky and Feeny (L977, t

consumption may increase to compensate for the lower nutritj.onal value of

the diet. ConsumpÈlon of the chlorogenic acid diet significantly

increased with progressively higher concentrations of this Phenol (fig.

5.3.1.1 b). However for the other phenols tested thi.s trenct dicl not occur

(figs. 5.3.1.1 a and 5.3.1.2 a, b).

Some phenolic compounds, for example chlorogenic acid are known

to stimulate feeding (Hsiao and Fraenkel¡ 1968). Cobbinah (1978) found

that Èhe incorporatíon of chlorogenic

diet increased the biting response of

and gallic acids

U. 1u s while

into a plain agar

caffeic acid

reduced larval feeding response and quercetin did noÈ influence feeding

the artificial diet control-s. In Èhis experiment caffeiccornpared with

aci.d did not deter feeding which may have been due to the additional

nutrients and other components present in the artifj-cíal diet used as

opposed to the sJ-mple diet used by Cobbinah (19?8). Thus the additional

component,s may trave overridden the deterrent effect of caffeic acid

reported by Cobbinah. The response of 9: lg9g"g to gallic acid and

chlorogenic acitl in particular¡ may be due eíther to larval compensation

for a decrease in diet quality or that these phenols act directly to

stimulate feeding.
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5.3.2 Utlllzation of totaL diet"

Although consurnpÈion of diet was not decreased by the phenols

caffeic acid and quercetinr utÍlization or assimilation efficiency was

sl-gníficantly reduced (tab1e 5.3.2. 1). With l-ncreasing proportl-ons of

quercetin in the diet assimilation by !L luSggg is progressively reduced

BuCh that {t can be expressed as a negative linear regression (fig.

5.3.2.2 b). Ilowever, for the phenols chlorogenic and 9a11ic acl-ds

assimilation efficiencies were not significantly different fron that of

the control (table 5.3.2.L, figs. 5.3.2. 1 b and 5.3.2.2 a).

Ìr



Figure 5.3"?.1 Utllization of Tot,al Test Diet containing
phenols at dífferent, concentratj.ons by
U. lugens larvae.

(a) Caffeic acid
Regression: y = 24.54 + 0.60x
Not sÍgnificant, (T = 0"69¿ 19 df¡
P > O.O5)

(b) Chlorogenic acid
Regression: y = 31.88 + 0.19x
Not significant (T = 0.05, 18 dfl
P > o.o5)
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Elggre 5._3.222 Utilization of Total Test. diet containing
phenols at differen! concentrations by
U. Iuggns larvae.

(a) Gallic acid
Regression: Y = 34.86 - 0.14x
Not slgnificant (a = -0.18¿ 16 df¡
P > O.O5)

(b) Quercetin
Regression: Y = 39.87 - 2.78x
Significant (T = -3.3'lt 19 df ¡
P = 0.002)
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Eable 5.3.3.1 utillzation of clietary nitrogen (rneane as t of total
nltrogen Provided) + sE.

t Phenol Content in Diet

10. o

21 .M.2
bc

42.5 ! LL.4
b

-1 .6 ! 3.7

23.4 1 3. O

c

45.6 ! 2.9
b

5.3 ! 2.0
d

38.7 ! 5.5
b

32.2 t 1.1
b

4't.5 ! 2l .O
ab

38.4 t 7.0
b

34.0 t 3.9
b

9.A ! 3.7
d

36. 5 1 6.7
b

26.3 l 1.1
bc

32.9 ! 3.r
b

31.7 ! 3.1
b

66.0 t 5"4
a

Diet

Control

Caffeic
acid

Chlorogenic
acid

Gallic
acid

Querce Lin

Ànalysed by Duncanrs Ì,tultiple Range Test.
Different letÈers Ln rows and columns indicate significant
cliiferenceatP<0.O5
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5.3.3 Utilization of dietarv Nítroqen.

The assimilaÈion of d.ietary nitrogen lvas significantly reduced

in alt the test diets containing additional phenols wiÈh the exception of

chlorogenic acid at 1.Ot (Èable 5.3.3.1). The greaÈest reduction in

nitrogen assi¡nilatÍon was observed in the quercetin test diet's, where

nLtrogen utillzation d.ecreased with increasing concentrations of this

phenol (fig. 5.3.3.2 b). This trend however was not apparent in the other

phenol test diets (flgs. 5.3.3.1 a b and 5.3.3.2 a).

These results shov¡ that the phenols caffeic acid and quercetin

reduce larval assimilation of diet and ln the case of quercetínr the

reduction in diet and nitrogen assimilation can be expressed linearly

with increasing amounts of this phenol (figs. 5.3.2.2 b' and 5.3.3.2 br.

The phenols chlorogenic and gatlic acids however did not influence diet

and nitrogen assJ-mitation narkedly (tables 5.3.2.1 and 5.3.3.1¡ figs.

5.3.2.1 b, 5.3.2.2 do 5.3.3.1 b¡ 5.3.3.1 b and 5.3.3.2 a)t so that the

increase in consumption on these diets ( ancl thus an increase in nitrogen

consumption, Appendix 5.3.1), particularly chlorogenic acid, may

compen6ate for the decrease in nitrogen assimilation observed (table

5.3.3.1).

The survival data (Àppendix 5.3.1) is not a good estimate of

larval performance on the test diets since Larvae were assigned to the

diets at the seventh stadium for only five days and thus hacl stored

nutrients from theLr previous diet. Hovtever eurvival of Larvae on the

quercetin diet was much lo!,rer than survival on the other test diets,

Lndicating that the presence of this phenol dramaticalty reduces larval

performance. À better measure of larval performance would have been



Eiqgre 5. g:.1.1 Utllization of dietary nitrogen by L lggggg
larvae l-n Èhe presence cf phenols.

(a) Caffeic acid
Regression: Y = 33.27 - 0.99x
Not significant (f = -0.78¡ 19 df¡
P ) O.05)

(b) Chlorogenic aciil
Regression: Y = 45.89 - 1.4Ox
Not sfgnificant, (T = -1.151 16 df¡
P > 0.o5)
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FieuIg s.3.'!t2 Utilization of dietary nitrogen by Ug logqge
larvae in the presenqe of Phenols.

(a) Gat1ic acid
Regression: y = 44.89 - 3.33x
Not significant (r = -o.47, 18 df¡
P > 0.o5)

(b) Quercetin
Regression: Y = 42.30 - 5.48x
'Signif icant ( a = -5.57 ¡ 19 df I
P <0.0o1)
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weight, gained by larvae in the test dj-ets. Due to the shortage of larvae

available at the Èi¡ne of Èhis experemerÈ and. the time involved in

measuring this additional parameterr this rrtas not done. The performance

of etrrly instar larvae on phenol diets l¡tould also be interesting Èo

investígate since Isman and Duffey (1982) found that, plant phenolics

Lnfluence the performance of earl-y instars of L zea more profound.Iy than

the performance of late instar larvae. Hovtever the feeding habit of

U. lugegg (see Introduction chap. 2) does not facilitate such an

experiment wíÈh early larval stadia on artifícial diets, alt.hough

Cobbinahrs (1978) work on the host preferences of U. Iugens does suggest

that. plarrt secondary compounds rnay influence performance of early stadia

to a greater degree than laÈer stadia.

The response of U. lugens larvae to the presence of galli-c acid

ín their diet suggests that this insect may have developed a

tdetoxifying" or compensation mechanism. The presence of a relatively

constant yet high concentration of this phenol in the food plants of

U. lgSggg (section 5.1 and table 5.1.1) tends credence to this

hypothesis.

It might have been expected however that the response of

U. Iggeng to chlorogenic ariid may have paralled tt¡at on quercetin diets

6l-nce this phenol although at low concentrations in the lnsectrs food

plants, fluctuates considerably (tab1e 5.1.1). Also it is thought that

the presence of ortho-hydroxyl groups may influence the toxicity of

phenols since Todcl et al (1971) found that phenols having orÈho-hydroxyì-

groups (viz. catechoÌ, tannic acid, procatechuic acidr quercetin and

chlorogenic acLd) were the most d,etrimental of t,he compounds tested, to
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the growth and survival of ScbiS.aphjls grqqingl (Rondani). Horvever

Alfensas et aI (L982), working on fungir found the converse to be true,

the lower the number of hydroxyl groups the more toxic the phenol to

fungal growth.

Although caffeic acid reduces diet assimilation for U. Iugens it

probably has liÈtte influence on Èhe insects when feeding on fresh

foliage since its concentration is very Low (see table 5.1.1). Quercet,in

therefore appears as the major phenol Lested in this experiment Èhat may

influence the performance of U._ Iugens on natural food plants. Although

often at high concentrations, this phenol fluctuates greatly wit.hin and

between the eucalypt food ptant species of g: luSglg (see section 5.1 and.

Èable 5.1.1) and may therefore t¡e a rnajor regulatory fact,or in the

poputation variation of iJ. lugens on its host plants.



Chapter 6

SeasonaT and AnnuaT Variation of Nitrogen and PhenoTs

Present in Iulature EucaTvptus canalduTensis FoTiage.
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SeasonaT and annuaT variation of nitrogen and phenols

present ìn nature EucaT tus canaiduTensis fo7 iage.

6.1 II!89P99!I9N:

In the Previous chaPters it has

performance of gæÞg lugggg is ínfluenced

amino acids (chap. 3) and phenols (chap.

the water status of its food plant (chap.

b) found no increase in the survÍval and

been demonsÈrated that the

by the inclusion of specific

5 ) in artificial diets

4). Although l'Iiles et

fecundity of Paropsis

and by

al (1982

atomaria

Oliver fed water stressed E: g1Ð31ÉuÌensis, this insect feeds on young

to the mature leaves preferred by 9: lgg.tg.leaves as opposed

aI (1985) however, found that P. glglaria fed Eucalyptus

Maiden of variable nitrogen contenÈ, significantly increased its

in response to higher nitrogen food, although the viability of

was lower than that of adulÈs fed leaves with lower nitrogen

eucalypt

Ohmart et

blakery!

fecundity

its eggs

1eve1s.

It has been demonstrated by Jourtet arrd Cochrane (1978) that the

young leaves of E: ÞICEglV! contain a higher conceniration of free amino

acids Èhan mature leaves. Since P. atomaria feeds on young, nitrogen rich

foliage it seems possible that variation solely of nitrogen in the food

plant by ferti-lizer application would not necessarily influence the

insectsr overall performance unless the variation in other leaf

components such as allelochemics (eg. phenols) played an important role

in the insectsr ability to utilize the extra nitrogen present.
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glgÞq lugens, however, normally feeding on low nitrogen foliage nay welI

be influenced by variation in the nitrogen concentration of its food,

particularly soluble nitrogen. Since iÈ has been demonstated Èhat phenols

(eg. quercetin) decrease the capacity of U. lgSggg to utilize nitrogen

(chap. 5), variation in both phenols and nitrogen in the food plant must

be considered.

Since Cooper-Driver et aI (L977 ) showed that seasonaL variation

in the plant secondary compounds of bracken influenced feeding of the

Iocust Schistocerca gregaria Forskal and. Miles et al (1982 b)

demonstrated that waÈer stress boÈh increased the soluble nitrogen

present in E. camaldulensis foliage and decreased the concentration of

total phenolsr it seemed aPProPriate to

variation of niÈrogen and Phenols

investigate the seasonal and

annual

Two aspects

(i)

of these relationshiPs were

If nitrogen

in field srorìln E: 9ÊEel{Clggglg.

of interest to me:

negativeì-y correlated as they

in the leaves then, ifflucÈuate in

and phenols are

concentrations

nitrogen is high and phenols are low during periods

of water stress, U. lugens rnay be assisted in droughts

because (a) antifeedants may be below their threshold of

effect (Cobbinah et al, L982) and (b) nutrients may be

more efficiently

querceÈin may be

affect nitrogen

utilized because phenols such as

in too low a concentration to adversely

assimilation from the gut (see chap, 5).
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(iÍ) A similar relationship to Èhat apparent during drought

may result seasonally due to the usual fluctuaÈions in

seasonal precipi.tation or temperature. Stress in the

trees may be caused either by waterlogging of soils for

lengthy periods in winter - spring or by periods of high

temperaÈures, which results in high evapotranspiration

rates, during summer.
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6.2 MÀTERIÀLS ÀND METHODS.

Mature leaves of EucalYPÈus camaldulensis were collected near

nidday at two nonthlY

trees on the southern

intervals during L98O to 1982 from 2 3n high

slopes of Mount osmond in South Àustralia. The

sampting sites were arranged such that the North Eastern samples (NE)

were taken fro¡n an area on a higher level than the North l{estern (NW) and

South western (svr) samples.

The leaves were plunged into liquid nitrogen immediately after

remoyal from the plant, then ground under liquid nitrogen and freeze

dried for 24hrs.. It was recognised Èhat, freeze drying of biological

material may result in the loss of some compounds of low and intermediate

molecular weight (ví2. amino acids, flavonoids and glycosides etc.i see

van Sumere et al, 1983).Since each sample was treated similarly any such

loss of maÈerials through the freeze drying procedure $tas assumed to be

constant. The fteeze dried material was stored at -18"C to ensure minimum

enzymatic degradation (Dr. À.C. Jennings, pers. comm.) prior to

extraction and analysis of the leaf components.

6.2.I Deterligallgg gI gg!e] g!!Igge!.

Dried, ground leaf materíal (0.259) was weighed into a 5Onl

py.rex test tube and digested and analysed by the Micro Kjeldahl technique

as described in chapter 5 (sec. 5.2.3).
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6.2.2 Determination eg le!3l PÞesels.

extracted

The phenols present in the freeze dried leaf material were

in the following manner.

To 0.19. of lyophilized leaf powder was added 30nL. of 808 (v/v)

the mixture being boiled under reflux in a water bath formethanol,

lOrnin.. The

no. 4 filÈer

50mL. hexane

mixture was filtered into a separaÈing funnel using wha.tman

paper and the procedure repeated v¡ith the remaining residuei

were added to these bulked filtrates, and this was shaken

sample

of the

for lmin.¡ and the phases 1eft to separate.

discardecl. This was repeated with a further

The upper layer was then

SOrnI . hexane. The resultant

extract v¡as then evaporaÈed down to less than 5m1- in a rotary evaporator

io maintainthen made up Èo 25m1. with disÈilled water. In order

consistency in the ext,raction procedure for each sampler the extraction

time was standardized at thr..

Determinat.ion of total phenols present in the extracted samples

was achieved using the techniques of Swain and Hillis (1959). O.O1mI. of

the extract was diluted to 7m1. wiÈh distilled water in a graduaEed 10m1.

reagent r¡as thentube and mixed thoroughty; O.5mI. of Folín Dennis

added, the solution again being shaken vigorously. Precj-se1y 3min. after

addition of the Folin - Dennis reagent, 1.Ornl. of saturated sodiunr

carbonate was added and the solution was made up to 1OnI. $tith distilled

water and thoroughly mixed. This was

@
Gelman Acrodisc and the absorbance

then filtered through a 0.45!m

ímmediately read on a Shimadzu

spectrophotometer at

was calculated as mg.

725nm. The amount of phenol present in each

per ml. catechin equivalentsr by comparison

samplers absorbance with that of a standard curve for catechir¡.
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The catechin stand.ard curve was constructed as follows. From a

catechin stock solution (lng. per ml. of catechin in ethanol) O.f, O.2,

0.5 and 1.0 ml. was added to four graduat.ed

0.1n1. of the standard

tubes and made up to 1.0m1.

wiÈh etharrol. Using solutions the procedure for

the Folin - Dennis reaction was then followed as described above. For the

b1ank, 0.1ml. ethanol replaced the test sample

curve was established for

in the procedure

described. À standard each set of samples

procedure or conditionsanalysed so that any variation in the analytical

during analysis would be accounted for.

6.2.3 Determination egq exltacllgg 9! lreg gsigg s9iq9.

Extraction of free amino acids from eucalypt J.eaves presented a

number of problems due to the presence of a high proport,ion of tannins,

resins and phenols etc. common in plants of this genus. These compounds

interfered with both extracti-on and analysis. The procedures for reducing

this interference was achieved through a number of trial extractions. The

results of these trials will be discussed in the context of the final

extraction procedure use<l.

The extraction of free arnino acids from lyophilized

E. camaldulensis leaves was as fol-Iows:-

The test sample of freeze dried leaf material (2"O9. ) was

extracted in methanol chloroform and water (MCvil, 20:10:B). Extractions

were performed under oxygen free nitrogen (OFN) and aIl solvents usecl

were kept at L"C and flushed with OFN in order to minimize oxidation of

the leaf components. The

MCW for bursts of 1min.

sample was therefore homogenized with 4OmI. of

in an iced packed homogenj-zex, then centrifuged



FIcl.rRE $}].!. Ctr¡cñtatograns of E. canmldulensis leaf extrasts.

(a) Grcrnatægraphy of ctrlorofo¡¡n (Chl"fr.) and aqueous fractions
fron 29 l.lCï extractions to whiú had been added O.O1g alanine w"ith and
r{¡itlout the additj.on of glacial acetic acid (Àc) to the extracticn
¡nsocedure.
S¡ntÈed as follo,'rs (a¡nino acid sta¡rdards (sÈ.) listed in ordet of
appearence frorn solvent front).

'.-.-4uI : :..--15u1 ---: 4uÌ 3uI

ÀIÀ
stR

lYR
GLU

ÍÍIR
ÀRG

TN,
GLU

@.,N

ARG

cYs

MET

IR,P

LYS

CYE

vaL
PRO

THR

GLY

LYS

CYE

\¡AL
ÀsP

GLN

cYs

TRP .

¡rSP

HIS

PRO

GLY

HIS

ÍEr
ÀIÀ

TEST

+Ac
AIÂ
GLY

HIS

Àtr
st.

lESr
:ÀIÀ

Cbl.fr. +AcCRN

(b) (t¡rcrnatoqraûry of leaf sam¡ùes extacted in boiling ettnnol
(EIOH) arll I'lCÍ{ with and r¡¡itl¡out the incor¡nration of F{lP- À¡nberlite (À¡nb)

and glacial acetic acid in the extraetion ¡xocedtxe. Plus a seÈ of
standards (lrq/rù) extracted in MCÍv.

S¡ntted as follcr¡s:

.--1 ul --_-. .*---_._ 20 ul : 1ul

I.ETJ

ÆÀ
MN

TEST

EIOH

TEST

EI€H
+P\IP

+ÃÍb

TEST

r'rcft
+Àc

æsI
¡.t*ü

TEST

t"fctü

+F{¿P

+Amb

st ÀÌI
¡,lctil st

(c) Chrcrmtoqra¡try of leaf samples extracted in l'lC1ù with glacial
acetic acid¡ wittr and wittrout the addition of P\4? ard À¡nberlite.
S¡ntted as follorøs:

-1u1 : :-30u1 _-. 1ul

PIIE TYR MET TRP \¡ÀL I,EI' 1I:ST IES'T TEST À1I
ÀIÀ GLU TI{R PRO PRO ItS¡¡ +PÍVP +PVP st
SB, @À ARc GLY ÀSP HIS +Àmb

ORN CTS LYS CYE

Amirro acid abbrer¡iations: C"l'E, cystei¡tei ClfS¡ cystinet other a¡ni¡ro acids
abreviated as for a¡4=ndix 6.3.3.1 a¡rd tables 6.3.3.1 a¡¡d 6.3.3.2.
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at 1150 rpm for 15min at 1oC. The supernatant was collected in a chilled

separating funnel and the residue extracted three more times with 30m1..

of ÈtCW flushed with OFN. To each MCIV extraction was added 3 drops of

glacial acetic acid which maintained the extract at a low pH, reducing

the complexing of arnino acids and phenols (Dr. A.Jennings, pers. comm.)

which results in precipitation and thus loss of amino acid material, and

difficulty in phase separalion. The increased efficiency of this

extraction method using acetic acid was verified using t.hin layer

chromatography (see figure 6.2.3.L a and b; the procedure used for

chromatography is outlined in appendix 6.2.3.1).

poly vinyl-polypyrrolidone (PVP) and AmberliÈe XAD-4 were also added to

each extraction of the sample with MCI{ (in the quantities: 1st extraction

2.Og each of PVP and Amberlite; succeeding extractj-ons 1.09 eaclt of PVP

and Amberlite). These components were added to the extract in order to

remove phenolic and tannin compounds during Èhe extract.ion procedure,

further reducing the interference of these compounds in the extraction

and analysis of the free amino acids presenÈ in the sample. À similar

method was used by Jung and Fahey (1981-) to remove phenolics present in

alphalpha and crown vetch for the purpose of studying fo.rrage

d.Ígestability in the absence of these compounds. The improved efficiency

of extraction using PVP and Ambertite ís demonstrated in figures 6.2.3.L

b and c and 6.2.3.3 a. fn figure 6.2.3.1 b, portions (29) of the same

lyophilyzed leaf material were extracted in (a) boiling eÈhanol and (b)

MCIV, with and without the j-ncorporation of PVP and Amberlite. This plate

demonstrates that (1) extracÈion in MCW is superior to extractíon in

boiling ethanol and (2) extraction with PVP and Anberlite is superior to
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all other extraction procedures exhibited on this chromatogram.

Determina+-ion of the total free amino acids (see appendix 6.2.3.2 -for

procedure) presenÈ in a leaf sarnple extracted with and without PVP and

Amberlite further demonsÈrates the improved efficiency resulting from the

incorporation of Èhese ¡naterials (see table 6.2.3.1).

TabIe 6.2.3 .L Total free amino acids (nreasured as pmoles
per ml. equivalent leucine per g. dry wt.
of leaf) present in lyoPhilized E. camaldulensi s

leaves extracÈed in MCI{ with and wit,hout the
incorporation of PVP and Amberlite.

Sample Extraction Proced.ure

-ve PVP

,& Amb

+ PVP } PVP
& Amb

Conc. 8. 60 L9.75 48. OO

Àlthough incorporation of PVP and Amberlite improved extraciion

results, a certain amount of amino acid impurities were present in the

arnino acid extract (see fig 6.2.3.3 arb and c). The plates picttrred in

figure 6.2.3.3 demonstrate

Amberlite exhíbit stronger

alanine and glycine regions.

materials before adding then

was done by washing the PVP

drying the residue Prior to

deterntined by extraction and

that samples extracted with unwashed PvP and

spots particularì-y in the glutarnic acid,

It was therefore

to Èhe extraction

and Amberlite five

to wash these

6.2.3.3 c). This

8Ot ethanol and

necessary

( see fig

times in

extraction. The nurnber of washings Ytas

chrornaÈography of these materials



FIGURE 6.2.3.2.
Io¡r exchange columns used in extract purification.

¡^. Solvent resevoir.

B. Ion exchange column.

C. Collection flask for eluate
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(not pictured). It was found that after five washings no impurities were

evident on a chromaÈogram.

Àfter extraction in MCVü, suffj-cient chloroform and waLer was

added to the bulked supernatants to alter the raÈio of MCW to 2C:2C:18

thus separating the aqueous and chloroform phases. The extract was shaken

for lmin. then allowed to stand overnight or until separation was

complete at 1"c. The aqueous layer was then collected and evaporated down

to less than 5m1. in a rotary evaporator. The resultant, concentraÈe was

then made up to 5nI with distilled water prior to loading t,he ext,ract

onto a cation exchange column.

the components in the

a considerable amount of "tailing"

sorne sampJ-es ( see f igs . 6.2.3.1 c,

6.2.3.2) was a

the extracÈ further by the. use of an

the PVP and Àmberlite removed a

extract responsible for interference,

and interference was stiIl present i-n

6.2.3.3 a and b). The icn exchange

1cm. diameter glass tube packed with

5Ox-8. Prior to sample lcatling the ion

ft was necessary to purify

alÈhoughion exchange

proportion of

colunn since

system used (see fig

a glass wool plug and 5cm of Dowex

exchange resin was

through the column

washed rvith 250m1 .

set up in the acid phase

was at pH 5. À sample was

so that distil-led water run

Ioaded onto the column,

of distilled water then eluted with 100n1. of 1.0M

ammonj-um hydroxide. A simiLar purification technique was used by Kaiser

et at (L974) prior to amino acid analysis by gas-1iqud chromatography.

The benefít of this step is dernonstrated ín figure 6.2.3.3 arb and c.

From these chromatograms it can be seen that samples eluted frorn the ion

exchange column (fig 6.2.3.3 b and e) yi'¿fd more discrete spots than

samples not subjected to the column purification (figs. 6.2.3.1 c,



FIGURE 6.2.3.3. Ctrrcrnatog.ans of & canraldule¡rsis leaf extracts.

(a) Cb¡anat¡graFhy of MCTI exbracts with and w-itirout wasl¡ed (wa)

PltP aru¡ À¡nberlite.
Spotted as follotræ:

1uI-- 30ul-: 1ul

PHE

AIÀ
sm.
ORN

lYR
GLU

G¡¡
cvs

MEN

TÎIR

ÀRG

TRP

PRO

GLY

LYS

\AL
PRO

À5P

CY'E

LEÎ,
AS{
HTS

TEST 15ST TEST

+TryP +PVP

+Amb +Amb

!94

ÀIl
st

(b) Chrc¡natogral*¡y of ltC'lil extrasts vrith and without washed PVP

ard Amberlite and colrnrrr (col) ¡urificatiøt step.
Spotted as follcrt¡s:

lul--..: : 3oul-

GLY àRG 6.U MET TESI TEST IEST TEST THf IEST
+E\lp +l\rP col +I{lP
+Anù +Amb +Àmb

wa æ1
c.ol

(c) Chrc¡natograFhy of l6C.$l extrasts subjected to colwrt
prrificat5.on with a¡ld w-ithout washed PVP and ArnberlÍÈe. Pfus tt¡e third
rashing extract, of PVP and Anberlite.
S¡ntted as follorvs:

30ul --.: 1ul

P'/P IEST TEST TEST ÀII
St. as i¡ì a -___: *Anib +pvp +pvp +H/p sU

3 ¡¡a +Amb +Amb col
s,a col
æ1

See fig 6.2.3.L for a¡nino acid abbrer¡iat'ions.
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6.2.3.3 a and b). The eluate was collected and evaporated down Èo dryness

in a rotary evaporator, redissolved in 5Ot methanol (in O.1M HCI) and

again evaporated down to dryness in a vacuum dessicaÈor. The samples were

then analysed on a Beckman amino acid analyser.
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6.3 REsuLIq ANP DIsqqEEIgN.

6.3 .r !þe r"liellgs gÊ

(see aPPendix

!e!el lrlreseg.

6.3.1.1 for raw data)

IÊÞlg 6.3.1.1 Variation in Total Nitrogen concentrations
(mean + SEr for n=3 ¡ in mg/g dry wÈ of leaf)
presenÈ in rnature EggglfPlgg camaldulensis
foliage from January 1-980 to January L982.

* Ànalysed by 2 way analysis of variance.
** Different letters in rows and columns signify signíficant

differenceatP<0.05.

YEAR

MONTH

Jan Mar May ¡ rulv I t"P 
I

Nov

198C 15.03

r 1.13
ab

13.19

r 1.06
bcde

12 .8C

+ 0.13
bcde

t4.77

r 0.53
abc

15.69

t 0.61
a

L3.72

r 0.99
abcd

1981 12.66

t 0.35
cde

11. OB

t 0.13
e

11 ,87

r 1.34
de

13.59

! L.45
abcd

13.85

I 0.13
at'cd

11.61

r 0.61
de

L9A2 t2.93

r 0.61
bcde
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Total nitrogen reached a maximum in spring during Septernber -

October (table 6.3.1.1 and fig 6.3.1.1) as would be expected, and reaches

its Lowest point around March - Àpril. This trend is supported by

lr{organrs (1984) work on the variation of total soluble nitrogen on the

same group of trees throughout the time perÍod surveyed in this study.

TogeÈher with seasonal variation there appears to be a trend throughout

Jan. 1980 - Jan. 1982 of progressively lorr¡er total nitrogen in mature

E. camaldulensis foliage (see fig. 6.3.1.1). Although thís trend is not

significant within the total nitrogen data, j-t becomes more apparent \{¡herì

considering the variation of free amino acids discussed later (see

section 6.3.3).

There is also a difference in toÈal nitrogen between the

sampling sites (see table 6.3.1.2).

IeÞle 9:l:lr_Z roral
mean

Nitrogen (as mg/g dry wt. of leaf;
t SE) at different sampling sites.

CONG.

SÀMPLE SITE

NE NW sw

Mean

SE

14. 03

+o.47
a

13. O3

lo.47
ab

12 .88

10.37
b

* Analysed by 2 way analysis of varÍance.
*! Different letters signífy significant

differenceatP<O.O5.



FTGURE 6.3.1.1.

VarÍation of"total nitrogen (mS/S dry weight of leaf)
and phenols (mg equivalent catechin per 9 dry weight,
of leaf) from Jônuary 1980 to April 1982 in mature
E:. ggg"f9glsggig foliage (as means for n=3).

!sgsrg

Tota1 nitrogen

Total phenols
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r"Þ!g 6.?2.2.L VaríaÈion of total phenols (mean ! sE, for n=3i
as mglg equivalent catechin per I dry wt. of leaf)
present 1n rnature E. eetîaldgÌensis foliage fron
January 1980 Èo ÀPril L982.

MONTH

Jan
I

Feb Mar lon'l May I ruly I t.p 
I

Nov

101 .88

! 16.62
cd

105.50

! t2.o9
abcd

82.97

r 3.61
d

99. 15

! 9.46
cd

92.43

! 6.27
cd

94.15

t 10.41
cd

LOz.67

! 3.44
bcd

113.78

! 5.76
abc

101.09

! 3.L6
cd

86.91

r 10.26
d

126.69

r 6.51
ab

108. l8

! 3.44
abc

87.70

i 8.53
d

LO2.r2

! L4.26
cd

L27.88

t li.18
a

YEÀR

1980

1981

t9e2

* Ànal.ysed by 2 vray analysis of variance.
** Different letters in colomns and rows indicate significant

differenceatP<0.05.
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Samples from t,he North East site !ì¡ere significant,ly higher in

South Western site. The NorÈh

Ievel on t,he hillside than Èhe other

nitrogen than samples Èaken from the

Eastern sample site was at a hi.gher

table at this elevation may have been much

lower in respect to the trees I root systems than for t.he sampling sites

on the lower slopes, particularly that, of the South Western sit.e. It is

possible therefore that trees on the North Eastern site were subjecterl to

a greater degree of \,vater stress.

two sites so that the water

6.3.2 !g!sl pþgsgfg

' The total

1980 and March 1981-

(see appendix 6.3.2.1 for raw data)

rise to their highest level around May - ;Iune

total nitrogen is at its lowest) and falls to

its lowest point, around Septenber when total nitrogen is at its highest

level (see fig. 6.3.1.1). Over the periocl surveyed phenols progressively

foliage (see table 6.3.2.L) as

tends to decrease from January 19BO

increase in mature E. camaldulensis

opposed to the total nitrogen which

phenol s

(when

to January I9A2. Considering a scatter diagram for toÈal nitrogen and

phenols (fig. 6.3.2.L) it can be seen that these two leaf components

negatively correlated with a correlation coefficient. for the means of

r = -0.732 (P < O.O5). A rregative correlation between nitrogen and

are

phenols i. E. camaldulensis pJ.ants subjected to r,rater stress !ùas also

observed by Miles et al (L992 b). However this negative correlation is

not reflected. in the difference in phenol content between the sample

sites (see table 6.3.2.2). Sarnples from the North Eastern and Western

sites have a higher phenol content than samples from the South Vfestern

eite.



gIggRE 9:l:2'!'
Scatter diagram for means of total nitrogen and phenols.

Regreesion: y = 203.37 - 7.62x
Y = toÈal phenols, x = total nitrogen.
Significant (f = -3.72¿ 12 d.f.¡ P ( O.O1)

Correlation coefficient: r = -O.732
Significant (P <O.05).
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TabIe 9z?.?22 Variation of total phenols (mean + SEr as mg/g
equivalent catechin per g dry wt. of leaf)
between sample sites.

coNc.

SAMPLE SITE

NE NW sw

Mean

SE

105. s5

È 4.50
a

to7.76

! 4.75

93. 38

t 4.47
b

* Analysed by 2 way analysis of variance.
** DÍfferent, Ietters indicate sÍgnificant

differenceatP<0.05.

The data presented accord with our current knowledge of the

metabolism of amino acids and phenols and their relationship via t,he

shikimic acid pathway (see Bidwell, 1979 and Graham, 1983). Phenylalani-ne

amrnonia-lyase (PÀL) catalyses the dearnination of phenylalanine Èo

cinnamic acid, an import,ant precursor of flavonoÍil compounds. Thus PAL

catalyses Èhe branching reaction that leads from Èhe shikimÍc acid

pathway to formation of a wide range of secondary plant compounds

including the phenolics. The acÈivity of this enzyme (PAL) is affected by

a number of external and internal factors such as the development rate of

the plant. It, for example, is st,imulated in plants by wounding,

l-nfecÈion by disease and by the growth reguJ-ating substance ethylene.

Other hormones, such as indolacetic aci<1 (IÀÀ), inhibit PÀL. The activity

of IAA is increased when a pJ-ant is subjected to drought (l,tukherjee and

Chouduri, 1981). Therefore a decrease in PAL actÍvity as a consequence of
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increased IÀÀ d.ue to water stress would result in a decrease in the

advantageous to suceess of Èhat attack for

initially at least,, be

the reasons mentioned at the

end of 6.1 above.

PAL activity is also stimu.lated by light' (see Bidwell, L9'?9),

and since the northern slopes of the sample si.Ce would receíve more light

daily, both in int,ensi-ty and longevity, than the Southern slope because

of shading of the high hills to Èhe East and West of the study ârêâ¡ this

rnay explain the higher concentration of phenols in trees on t,he Northern

sample sites (table 6.3.2.2).

production of plant secondary compounds.

attack by U. lgSggg at such a time would,

6.3.3 Ereg åIIno Acids. (see appendix 6.3.3.1.

Total free amino acid concentrations

This is of importance in that

for raw data)

vary throughout the study

period¿

nitrogen

July 1980 to January L9A2r with a similar trend to that for total

discussed earlier (sec. 6.3.1). A rnaximum of L183.5 vs/s dry

total freeweight of leaf was reached in September 1980r from there the

amino acids decrease Èo a low of 27t.1 ls.S/S dry weight of leaf in March

a and table 6.3.3.2). Àlthough the total scluble1981 (see

nitrogen

September

fig 6.3.3.1

slowly increased after March 1981 the highest level reached in

November of 1981 is much lower than the 1980 september

maximum and did not differ significanÈIy from the low reached in March

1981- (see table 6.3.3.2r.

The individual amino acids which significantly varied throughout

phosphoserine¡ threonine¿ glutamine¡ proline¡

alanine¡ iso-leucine¡ leucine, tyrosine,

the period. st,udied are:

glutarnic acid¡ glycine¡



lable 6.3.3J variatÍon of anino acj.d concentration (Reans for n-3,
as Ug/g dry weight of leaf) in matuze E.
foJ.iage fron July 1980 to January 1.982.

canaldulensl, s

ÀMINO

I ASP I rHR I sER | ÀsN ¡ crn ¡ PRoPSE GLU
I

GLY ÀLÀ VAL
I cYs cvN

I
MET

0. 03

2.69

1.65

2.24

3.80

0. 08

0.48

0. 03

13 .69

27 -79

24.53

26.L9

5.25

7 .92

13.09

12.92

L2.32

27 .07

6.52

23 .49

7.25

11.87

5 .42

9.58

6.98

3.65

5.70

!6.92

7.34

9.12

L2.47

9.59

4.2L

3,48

4.69

1.A7

6.62

5.81

L1.93
cd

26.85
a

22.4O
ab

19.31
bcd

19.86
abc

9.74
e

9 .45
e

1.78

L2.52
de

21.81
abc

4.10
d

25 .49
a

20.05
ab

15 49
bc

8.32
cd

õ 88
cd

2.70
d

2.65
d

I 50
cd

9 40
cd

2a2.11
bc

504.25
a

303.8?
b

13 4. 64
cd

65 52
d

67 .84
d

143.92
cd

185.1 3

bcd

20L.30
bcd

t-56.03
bcd

37 51
b

185.69
a

235 .7 3

a

20.59
b

18.L2
b

9 06
b

13.20
b

9 01
b

2r 59
b

20 06
b

59 98
a

8.46
bc

3.96
bc

o.34

24-7?
b

lo.26
bc

4.19
bc

10. s9
bc

5.84
bc

0.55

13.46

9. 91

2 5.60

6.48

5. L5

2.63

1.28

8.09

19.46

33.06

75.66

63. s8

60.59

33.84

r32.72

19.56

26.66

38.60

53.69

7.6L
dle

18.46
ab

25.74
a

17.48
bc

9 50
de

7 33
de

3 .44
e

3.28

.13
de

Ll .74
cde

1 .18

4.85

2.7 5

2.t6

1.37

11.?8

24.93

15.81

1.38

2.27

119-56
ab

56 31
cd

42 06
d

35. s8
d

33.47
d

54.01
cd

12.37
bcd

L27.62

9?.85
abc

7L.73
bcC

SÀI.TPLING

lIUE

Ye aË I Month

July

seP

Nov

Jan

llar

May

July

sep

Nov

Jan

1980

r 981

1982

n.s nos n.sô

PSE, phosphoserine¡ ASP, aspartic acid; THR, threoninei SER, serinei
ÀsN, asparagine; GLN, gLutailinet PRo, proline; GLU' glutàmic acid¡
cLY, glyciner ÀLÀ, alanine; vAL, valine¡ CYS¡ half cystine;
CYN, cystathionine¡ MET, methionine.

n.s n.s. n.s. n.s.

t Each amino acid ana)-ysed by 2 way anaJ.ysì,s of vari¿nce.
ri Different IetÈers in columns indicate significant difference

at P < 0.O5.



Table 6.3.3.2 variation of anino acid concentration (means for n=3¡
as Ug/g dry weighÈ of leaf) in mature E. ca¡îaldulensis
foliage fron JuIy 1980 to January 1982.

n.s n.s n

r Each amino acid analysed by 2 way analysis of variance.
rr Dif.lerenÈ Ietters in columns indicate significanÈ

differenceatP(O.O5.

iso-Ieucinei LEU, Ìeucine, ÎYR, tyrosinei PHE, phenylalanine¡
ß alanine; GÀBA, Y amj.no-butyric acid;

ornithine; ETH, ethanolarnine¡ LYS' lysine¡ IIIS, histidine¡
arginine t ToTAL, tor-al f ree ami-no acids.

342.7 6

b

5r2 .7 2

a

307.81
bc

L34.97
d

90.24
d

78.10
d

L4A.!2
d

L95.'7 2

bcd

201 .r5
bcd

1s6.58
cd

681.93
bc

1183.47
a

908. ? 3

ab

426.O1
cd

27!.LL
¿t

372 -31
d

35t.21
d

450 .47

4A2 -35
cd

463.35
cd

13.80
bc

68 .46
a

40.54
b

5.20
c

2 10

1.18
c

o.10
c

0.51

1.89
c

2.85

b

4 39
ab

7.52
a

4.31
ab

b

0 51
b

b

b

o .44
b

o. 21
b

Ê ?ô

4 .61

5.3 3

2.r7

1 .90

3.8?

23.94

3.87

4.81

0.56

I 40
b

5 .91
a

a )o
b

6 o6
a

1 58
b

2 90
b

L.A2
b

o 63
b

1.56
b

2 "L5
b

23.99
b

55.90
a

22.42
b

11.57
b

14.78
b

!2.62
b

15.4'l
b

17.93
b

18.94
b

10 0t

L

3.27

3.52

o.48

1. 58

0.85

6. 04

o.2s

2r.2r
a

20.63
a

12.97
bc

15.31
ab

1 89
c

4.29
c

8.11
c

11.40
bc

15.50
ab

1.7-a
c

4 2A
bc

5.31
ab

7 .80
a

3 o4
bcd

, ôt

bcd

2.90
bcd

1.85
cd

1 34
d

2 55
cd

4.05
l:cd

4 o9
ab

4.43
a

4. 09
ab

3.58
abc

2 9'l
abcd

2 56
bcd

1. 54
d

1.36
d

3.7 3

abc

2.22

5.08
ab

6 39
a

5 61
ab

4.26
bcd

3.80
bcd

? 28
cd

2 58
d

2.77
d

3.12
d

3 .48
cd

SÀUPLING
1I¡iIE

Year I Month

JuIy

sep

Nov

Jan

l,f ar

May

JuIy

sep

Nov

Jan

1980

1 981

i 982

I LE,
BALÀ,
ORN,
ÀRG,



grcgBg 6.3.3J.
Variation of total soluble nitrogen and individual
amino acids (as ¡rg7g dry weight of leaf¡
mean for n=3) in mature Es gSmalalulgg"i" foliage from
JuIy 1980 to January 1982.

(a) Total soluble nitrogen C O

Glutamic acid Qr--ar---C

Proline

(b) Leucine

Iso-leucine Jr--z---.C

Ty:osine

Hístidlne QrrËãg.'æt-(þ

0e
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phenylalanine¡ J amino-butyric acid, ornithine, histidine and arginine

(see table 6.3.3.1 and 6.3.3.2). The variations in these amino acids are

plotted in figures 6.3.3.1 and 6.3.3.2. l{ith the exceptÍon of

all the amino acids reachphosphoserine and glutamine (fig.

their highest Ievel in SePtember

6.3.3.2 arbic)r the most dramatic

acicl and proline (see also tables

Ericaceae leaves Eder and Kinzel

variation of free amino acids.

6.3.3.2 c)

- November 1980 (figs. 6.3.3.1 arb and

variation being observed for glutamic

6. 3. 3.1 and 6. 3. 3.2 ) . Studying

(1983) found similar trends in the

The occurrence of phosphoserine in the leaf material analysed is

unusual (Dr. À"C.Jennings, pers. comm.). Journet and Cochrane (1978)

invesÈigatíng the amino acid content of E. blakeI i did ¡rot record Èhe

presence of this amino acid. The presence of phosphoserine in these

samples could be attributed to biochemical breakdown during storage of

the leaf samples prior to extraction and analysis (Dr. A.C.Jenningse

pers. comm.). rf this had occurred then it night be expected. that the

highesÈ concent,ration of phosphoserine would be in the 1980 sarnples and

it would progressively decline in the samples taken at a later date but

this Èrend was not observed (see fig. 6.3.3.2 c ancl table 6.3.3.1). This

compound is the first to be eluted off the column, ernerging wiÈh the

solvent front.. Its ocurrence is therefore aD artifact of the iolumn

elution and can be explaíned as a combination of compounds such as

cysteic and laevulinic acids which react positively with ninhydrin and

are thus assigned as phosphoserine (D. Boehm, pers. comm.)o

The variation i¡r glutamine also indicates that bíochernical

degradation of the sample by enzymic reactions was small. Since glutamine



EIggEE 9:9:3:?
Variation of individual amino acids (VS/S dry weight
of leaf, mean for n=3) in mature Eg camaldulggqlg
foliage from July 19BO to January 1982.
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is one of the less stable arnino acids (Dr. À.C.Jennings, pers. com¡n") it

at a Lower concenÈratiorr in theexpected that glutamine would be

sampÌes, however, as with phosphoserine it reaches a maximum in

night be

earlier

JuIy 1980.

hydrolysed

redissolve

the arnounts

It is tikely however, that some glutamine may have been

to glutamic acid by the methanol-HC1 solution used to

the Èest extracts. It is therefore more accurate to combine

of these two amino acids (table 6.3.3.2) and consider the

trends of the resultant combination which foflows very closely the curve

observed for Elutamic acid (see tables 6.3.3"1, 6.3.3.2 and fig.

6.3.3.1 a).

Despite

for total soluble

the variation across time, Èwo way analysis of variance

rritrogen and each indivídual arnino acid did not reveal

a significant

observed for

6.3.3.3).

difference between the

total nitrogen is still

sampling sites although the trend

apparent ( see tables 6. 3 . 1. 2 ancl

Table 6.3.3.3

coNc.

SAMPLE SITE

NE
I

NI,l I sw

Mean

SE

624.!2

! 9L.29

537.89

!tt6.2L

51s.14

r 94.8C

Variation of total
as USlg dry wt. of

soluÌrle nj-trogen (mean ! SE,
leaf) between samplinq sites.

Analysed. by 2 way analysÍs of variance, P ) O.05.
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The high values for soluble nitrogen observeil in the September

November samples for l-980 (figs. 6.3.3.1 and 6.3.3"2) indicates the

possibiliÈy that the trees sampled were subjected to a water deficit

since free amino acids, particularly proline, are known to increase when

a plant is droughted

1973 a and b; Huang

sec. 1.7).

(Barnett and Naylor, L966i Hsiao, L973¡ Singh et aI,

et aI, 1979; Miles et al t L982 b¡ see also Review

Meteorological data from the Waite Àgricultual Research

Institute (table 6.3.3.4) show that the monthly rainfall for January,

February and March 1980 and

much lower than that of the

Since the pan evaporation at

is possible that

subjecÈ the test

replenishing the

again for ÀugusÈ and September 1-980, h¡ere

running rnean taken over a 56 year period.

these times is high (see table 6.3.3.4) it

the levcl of the water table dropped sufficiently to

trees to water stress; the succeêding rainfall

water table so thaÈ the waÈer depleted months of

February and Àpril 1981

in another significant

dicl not reduce its level sufficienÈly to result

water deficit for the trees in Èhis period.

No soil moisÈure data are available from the study area to

support this viewpoi-nt. Hohtever, two phenological

which provide support for the weather data which

observations were made

were recorded Less than

3 km Wes.t of the study area. The first

ground vegetation died or wilted about

was that in spring - summer l-98O

2 months earlier than it, did in

that, in 1980, the typical bentthe same period of

flaccid petioles of

1981. The second was

the leaves of

stress (see Miles et al, L982 b)

February, March and September. In

the test trees, indicating severe

$¡ere a noticeable feature during

1981-, this was noticeable in late



Table 6.3.3.4 Uonthly rainfall (n¡ur) and pan evaporation (uun) fro¡r
the waite Àgricultural Research rnstitute
EeÈeorological staÈion.

MT, monÈÌrly totåÌ, RM l, running monthly mean over 56 Yrs.,
RM 2, running monthJ.y nean over 22 yrs¡
R¡'l 3, running nonthly mean over 57 yrs. t

RM 4; running nonthLy mean over 23 yrs.

27.2

30. o

225.2

2r2.6

26.4

tô ô

r97 .6

2r2.O

4 6.8

38. I

!16.6

L?5.2

35.6

38.7

L69.2

17s.0

to?.2

55. 1

L42.6

140. ?

2a t

54.7

145.O

140.9

27.8

62.1

106.2

94.5
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62.5

104.4

95.0

22.4

7 2.5

7A .4

65.5

L26.2

7 3.4

65.2

65.6

to4.2

8s.3

48.2

48.5

137 0

86.7

53.4

4A.7

92.2

12.9

46. 6

46"5

179.O

? 4.O

42.2

46.3

4J.4

79.3

7 4.2

64.6

6r.2

79 .0

70 .6

64.9

75. O

55.9

rr1.2

107. O

3.O

55.0

119 .0

107.5

1.0

21. O

170.3

L72.5

66.4

21 .8

L24.O

1?O.4

o.8

27 .7

2 08.8

200.6

26.6

22I.O

201.5

9.8

23.7

202 -2

232.2

26.4

23.8

262.6

236.4

STÀTISlIC

Rainfall MT

RM1

Pan

Evap.

MT

RM2

Rainfall MT

RM3

Pan

Evap.

M1

R¡t 4

YEAR

1980

1981
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February only ( Dr. F¡D.Morganr Pers. comm.).

Stress related to high temperatures and low air moisture is

Lndicated by the pan evaporatíon figures which indicate that low rainfall

was probably the major contribuÈor to stress in the trees in surnmer of

19BO whereas evapotranspiration may have been more J-mport,anÈ in the same

period of 1981. In the latter, the good summer precipitation probably

offset the higher temperatures so that water stress in the trees was not

as noticeable as in 1980.
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CHAPÎER 7

GeneraT Discussion.

nVe sha77 not cease from expToration

And the end of a77 our expToring

Wi77 be to arrive where we started

And know the pTace for the first tine.i

T.S. E77iot: The Gidding

' Nitrogen has often been considered as a límiting nutrient for

t,he growth and survival of herbivores. Às early as 1953, Fennah suggested

that plants vary in their nutritional complement and rnay not be

nutritionatly adequaÈe at all times. Many latter studies have emphasized

the role of nitrogen in the performance of phytophages (van Emden, L9662

Pradham, t97L¡ Onuf et al, t9'17¡ McClure, 7979r 1980; Lindig et alr 1980¡

Iheagwam, 1981¡ Myers and Post, 198L; Rausher, 1981; Tabashnik, L9g2).

This evidence generally indicates that the proportion of nitrogen present

in plant foliage is, at times, i.nadequate for herbivore growth and

survival (SouÈhwood, L973¡ Fox and Macauley, :..977¡ Slansky and Feeny,

1977t McNeiII and Southwood, I97A¡ Mattson, 19BO; Scriber and Slansky,

1981¡ Degabriele, 1981; Lincoln et al. L982i see also chap.1, sec.1.4).

In line with this body of evidence White (1966, L969,1978) proposes that

water stress triggers the production of Íncreased soluble nitrogen in

plant foliage rendering iÈ more nutritious and thereby resulting in a

population increase or outbreak of herbivores feed.ing on such ímproved

diets. This stimulus'for outbreak is hJ.gher survíval ín the earJ-y stages
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of their life cycles, due solely to the increase ln avaLlable nJ.trogen.

Urabg lggggg Watker offered alternative r,¡ays of examining this

and opposing hypotheses because of its differential performances on

plants across its food plant range (see chap. 2) and. its acceptance of

synùhetLc dieÈs. Firstly, lrlhiters theory lvas no longer as general as he

had inferred ln 1966, so it $¡as appropriate to look both at insecÈ

performance on natural or simuÌated diets and diets selected for the

influence of specific components. SeconCly it was already weIl known that

water stress influenced the nitrogen content of foliage on affected

plants (see chap. 1, sec. 1.7). That part of his theory was therefore not

Ln question. what had not been adequately demonstrated was the link

between increase in sÈress-ind.uced components of available nitrogen and

significant increase in populatÍon density of the earl y insÈars of the

phytophage (see chap. L, sêco 1.8)r especÍally in the stimulation of pest

outbreaks.

The studies completed therefore followed a careful sequence.

Às g:lugg3s is an eruptive rather than a cyclic outbreaking pest

(see Berryman, 1980; Morgan and Cobbinah, 1977) it could be stimulated Èo

l-ncrease population density if the criÈical cornponents of its environrnent

thaÈ synchronize to cause such increases were known and were manipulated

properly. This insect, in nature, does not appear to be regulated by

parasitoids and predators (Canpbell 
' L962, 1966¡ Harrj.s, L972; lforgan and

Cobbinahr ibid. ). Thus examination of its performance relative to changes

in the qualiÈy of its food plant was justified in attempting to

understand its population dynamics. Also adults do not feed¡ which

permitted studies to be concentrated on Èhe caEerpillars and
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rperformancert therefore coulcl be restricted to developmental time,

survival and potential fecundity, the laÈter derived from female pupal

weight using Cobbinahrs (1978) positive correlation of these fact,ors.

Possible manipulation of nutrient levels in food were derived

from chemical analysis of natural food as well as monitoring variation in

nitrogen seasonally for consecutive generations of the insect in the

fíetd (fiqs.6.3.1.1, 6.3.3.1, 6.3.3.2 and tables 6.3.1.1, 6.3.3.1'

6.3.3.2). Because of the physiological interaction between certain

phenolic or total phenolics and the nitrogen in foliage (Graham, l-983)

and especially the possibilities that.:

(i) Phenolics themselves may reach toxic levels (Morgan, 1984).

and (ii) phenolics may influence the assimilation of nitrogen frorn

the guÈ (Recse, t978).

These likely interacÈj-ons vrere included in attempts to determine those

facLors that might provide the critical components of the reJ-atíonship

and. its food.between U: lggegg

Because c,f time Iimits, seì-ected components only could be

studied, those

known to vary

included being either, necessary to

significantly with effects of stress

insect nutrition or

on food plants.

for a number ofI attempted to

treatments by including

determine rradequate controlst'

at least two, fresh diet and base diet. Often

another, base diet*combined components of the tesÈ diets, was available.

Let us now examine in sequence the following components of

theories relating food quality and quantity to insect performance and

pest population dynamícs and then compare my results witlt them.
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r (a) Plants are usuallY an

herbivores (Fraenkel,

adequate source of nutrients for

1953, 1959).

(b) Plants are ofÈen inadequaÈe sources of nutrienÈs for

herbivores (White, t978¡ McNeiIl and Southwood, 1978).

Uraba 1rg=g" successfully colonises a number of eucalypÈs and

near relatives, the fol-iage of which ranges from about O.8 - 3.0* total

nitrogen (see CobbinahrtgTS¡ Cobbinah et al. L982¡ Lambert and Turner,

1gB3). Satisfactory food plants, those on whiclr the insect cornpletes

development in low numbers, and good food plants with better larval

survival¿ occllr throughout the range. Its most common food plant in

South Àustralia is river red gum (Eucalyptus camaldulensis) which in

nature seasonally varies in total nitrogen in mature foliage from about

1.1 - 3.OB with highest levels in spring,/ summer and lowest levels in

winter (fig. 6.3.1.1; Morgan 1984). Peak or outbreak populaticns have

been recorded in both winter and summer generations (CampbelÌt 1962,

L966¡ Morgan and Cobbinah, L977).

The evidence tends therefore to suppor¿ Fraenkel rather than

9lhíte. Yet I he"ve denonstrated that available food may not always be

selectj-on, or selectioir ofHostadequate for U" lugens (see fì-9. 2.4.!).

egg hosts and lood plants, ís therefore not apparently due Èo nutrient

value (see also Cobbinah et. al, L982). Good food plants such as river red

gum do apparently appear Èo regulate caterpillar nutrition by altering

the NÍtroge^ / PhenolÍc ratio in the food (figs. 5.3.2.Lb,5.3.3.lb,

6.3.1.1 and tables 5.3.2.L. 5.3.3.1; see also Miles eÈ aI L9A2 b¡

Morgan L984).
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Total nitrogen may never be at critícally ).ow levels but because

phenolics such as querceÈin decrease the assimilation of nitrogen from

the gut when above a concentration t,hreshold in the food, caterpillar

performance may decline. This evidence supports t,he findings of Reese

(19?8). It indicaÈes that a pest / Lree interact,ion provides adequate

food for a herbivore until t.he tree is damaged to a level where it must

protect itself. It appears Èo do this by altering the Nitrogen / ehenolic

ratio with nitrogen decreasing and phenol increasing. Increasing phenol

is the critical factor (Morgan¡ l-984) and artificially i-ncreasíng

nitrogen with fertilizer may offset the disadvantage to the herbivore.

It seems therefore that nitrogen may always be adequate for

U. lugens but the level of assimilation may not be at cerÈain times.

If this is what. t{hite means by "available nitrogen" and apparent shorLage

of nitrogenr my daÈa provide support. The problem is not that Èhe

nitrogen is not available but Èhat it is prevented from being assimilaÈed

via the gut rnembrane (Reese, 1978). This evidence indicates that

'ravailable" needs specifying as to its meaning or should be replaced by

"assimilable" to indicate its transfer to the "blood" for utilization in

metabolism.

Ir (a) water stress increases available nitrogen in foliage

which results in survival of more firsÈ instars feeding

on it anil thus leacls to pest outbreaks (White, 1978).
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(b) VlaÈer stress leads to a manifold increase in proline and

often an increase in total nitrogen (Miles et alr 1982b,

Singh et aI ' ]-973) but planÈs high in proline do not

irnprove the performance of a number of arthropods and

molluscs (Bright et al, L9B2r.

As iÈ has already been shown (¡liles et aI' 1982b) that waÈer

stressed E. camaldulensis plants did have increased proline and t.otal

nitrogen in their l-eavesr I concentrated on plants hav5-ng no water

stress, Iow Ìrater availability (drought) and waterlogging (flooding).

The latter was included because of the reported effects of flooding of

forests of river red gum on U. fggC5 populations (Campbell t L962¡

Earris ' 1972).

My daèa (fig. 4.3.L.2.t2 tabÌes 4.3.1.1.1, 4.3.1.2.L' 4.3.1.3.1)

do not clearly support IùhiLets of Bright et alsr hypothesis. What

happened, was that pupae from the two sÈress treatmenÈs were larger and

adults potentially more fecund. There was no improved survival ín the

treatments over the control but "performancel of those larvae reared on

the stressed plants lvas j-mproved j-n the forr¡ of signifi-cantly larger

size. There r,ras a tendency toward lower survival in the flooded

treatment, though significantly lower than the control only at instar VI

(P < 0.05; see table 4.3.1.2.1). If significant also at instar Xr, this

would have supported the results of Campbell (1962) and Harris (1972) and

be in accord with the present knowledge of the physiology of waterlogged

plants. For although waterlogging is known to increase proline in the

foliage (singh and Síngh, 1981), ethylene which stimulates the activity

of phenylalanine ammonia-lyase also increases (Blake and Reid, 19811
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Bidwell, L979¡ Bradford and Yang 1980¡ Hunt eL al, 1981) and rnay

therefore lead to an increase in the plantrs phenols. This is contrary to

the physiology of the planÈ during drought, where phenolics present in

the foliage have been observed to decrease (Miles et al o 7982b¡ see also

chap. 6. sec.6.3.2 and figs.6.3.1.1 and 6.3"2.1), although ethylene has

also been observed to increase in plants subject to water deficit

(Ape1baum and Yang, 1981). Thus the influence of waÈerlogging on plant

allelochemics requires further invesÈigation.

Water stress may therefore lead to better growth rates of the

herbivore and higher fecundities which may stimulate a pest outbreak.

This rnay however be due Èo the facÈ that stressed plants (especially

plants subject to drought) are unable to alter Èhe Nitrogen / phenolic

ratio as unstressed plants appear Èo do as foliage danrage levels increase

(Benz, L9'l4e Wratten et aI, 1981¡ Haukioja, L982¡ Schultz and Baldwin,

t9B2¡ Edwards and Wratten, 1983; Morgan, L9B4t Tuomi et alt L9a4r.

Supporting studies:

I felt that at Least Ewo factors might be involved in ouÈbreaks

of 9: fuSggs. Firstly, increases in nitrogen in leaves or increases of

particul-ar amino acids in leaves over others¡ rnight result in improveil

overall performance of this moth. Secondly, as Cobbinah et al (L982) had

food plants occasionally became satisfactory forfound, that poor or non

development and survival

plus improved levels of

of this insect, perhaps this was due to

nitrogen or a more satisfactory Nitrogen

stress,

,/ ehenol

points.

could

ratio. Therefore I looked at changing the survival curve at two

to diets (chap. 3) or to foliage (chap. 4) IBy adding nitrogen
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(a) increase survival of early instars

and (b) increase survival of late instars.

That is, I could change a Slobodkin type II¡ III or fV

into, respectivety a type fr If or fII. ALternatively,

survival curve

Slobodkin I curve into another where survival improved in

could change the

the late

(see figs.instars Èo what I will term a Slobodkin Ia survival curve

2.4.I and 2.4.2 for comparison).

Four possibilities were avaitabLe. I could modify the nitrogen

level in good or poor food plant leaves, or I could manipulate diets from

both good food plant leaf powder or poor food plant leaf powder.

Encouragement for the latter combination was the remarkable

studies of Cobbinah et al (L982) where they demonstrated that the

threshold of effect of poor food plant coul-d. be derived by diets where

inereased proportions of one $tere added to the other.

My results of these experiments indicated:

(a) On diets containing good food plant leaf powder, that

increased proline and valine in diets gave survival

similar to those on fresh diets. Base diet + arginine

was also superior to other diets (fig. 3.3.4.1 and

tables 3.3.4.1, 3.3.4.2).

(b) On diets incorporating leaf powder of the poor food

plant¡

amino

diets with added valine, proline and combined

acids aIl produced some pupae. Though the valÍne

and combined treatments were 3 and 2-fo1d higher in

survival than that on fresh dietr variability in the

replicates sras high.

r
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The inÈerest here is that. valine and proline alone, as additives rdere at

least as successful as combined amino acids and fresh leaves. These Èwo

amino acids are known to increase in leaves following water stress of a

pJ-ant (Hsaio, L973¡ Singh et

markedly but valine did not

case for increased valine in

â1, L973). In my study proline increased

larval survival and fecundity wit.h proline also having some effect.

There may even be an "additive effect'r v¡hen both are increased in the

diet of thÍs moth

investigated.

Thus for

(table 4.3.2.1). This aLso should be further

U" Iu fls r an oligophagous maÈure leaf feeder, an

increase in the proline /

(table 6.3.3.1 and Fig.

the diet as a possible

6.3.3.1a). There is a

stimulator of better

valine complement of a food plantrs foliage

in its phenolic content (vj-z. quercetin) at atogether

critical-

increase

greater

with a decrease

sÈage in its life cycle (e.9. after eclosion) may result in an

in its development rate, growth and survival leading to a

number of potentially more fecund individuals.

The results of this study therefore suggest that iÈ is a balance

advantageous components of a plant thaÈ

its associated phytophages. So that if

between the deleterious and

determine the performance of

environmenÈal conditions alter this balance such

decrease

that components

and t.his change isdeleterious to its

synchronized with a insectrs life cycle then a

population t'outbreakt' may occur. In other words water stress may render

the nitrogen component of a plantrs

phytophagous insect population. If

foliage more I'assimilable" to its

however a phyÈophage

associated phyt,ophage

critical stage in the

can adjust its

levels of ttoxins"feeding rate or digestive physiology to cornpensaEe for
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in its diet (Slansky and Feeny 1977¡ Auerbach and Strong, 1981) or has

evolved a detoxifying mechanism for these compounds (BraÈtesten et a1,

L9771 then this change in the j.nsecÈrs performance may not occur as

observed by Miles et al (1982b) (see also Bernays, 1978).

Therefore if a chewing phyÈophagous insect is susceptable to its

food plant allelochemics such thaÈ they act as (a) antifeedants,

inhibiting ingestion, and / or (b) inhibit Èhe assimilation of avialable

nutrients in the ingested food¿ and these compounds decrease with water

stress together with a corresponding increase in specific beneficial

nutrient components at a critical ioint in the insectrs feeding life,

then an íncrease in the insectrs population may occur in nature.

)
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èppen¿llx 3.3t1r1 Acceptance of E. canal¿tulensi8 ¿lLeÈ8 by U. lugens
1 arvae.
(L = amino acid at O.O1M¡ H = amino acid at O.OSM)
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Àppendllx 3.3.1.2 Aeceptance of E. platypug dleta by U._ lugens larvae
(L = amino aeids at 0.01M¡ E - amino acids at 0.05M)
Irtean no. of larvae (mean for n = 10) on Diet t SD
(Tine interval = 1.5 nin.)
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Àppendftc 913:1 UÈllization of diet by U. lugens larvae on diets of
dlffering phenol content and specificaÈiona of the
diets use¿I.
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20 .43
20.o4
23.9r
2!.64
2r.42

r!{c

25.65

r, 1.23

21.33

t 0.68

24.95

r 0.65

29.2I

r 0.65

Test Dlet

| $conc.

o.5

1.0

5.0

10 .0

QuerceÈLn

F{
(r¡



APBEIIIX 6.2.3.t Arnino acid chromatography.
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20 cm square glass plates spread with

on an automatic plate spreader at O.4mm

Samples and standards were spot,ted onto

Chromatograms were run on

@Sigma-cell Type 1oO- (2Ot slurrY)

slit ¡¡ídth, and Cried for 24 hrs.

plates and run uPwards

solution: iso-propanol

in a chromatography tank in Èhe following solvent

60m1. ; methyl-ethyl-ketone 15m1. ; 1M hydrochloric

removed from the chromatography tank andacid 25mI. The Plate was then

allowed to clry j-n a fume hood.

plates were sprayed with O.1* ninhydrin in ethanof (50 m1.), to

which was added 15rnl. glacial acetic acid and 2m1. 22126 collidine, and

dried in a 10OoC oven for 1Omin. or until the plate had d.eveloped

sufficient cofour.

Àmino acid standards were prepared as 1mg. standard amino acid

per ml. of 5Os methanol in O.1M hydrochloric acid.



ÀPPEIPII 9:-4?.? Deterrnination of toÈal f ree amino acids by

spectrophotometry.

Ref: Rosen, H.À. (1957). Arch. Biochem. Bj.ophys. 67¿ 10-15.

REAGENTS:

L7S

49mg NaCN in lOOml distilled waÈer.

10809 sodium acetate trihydrate in 80Oml

distilled water to which vras added 20m1.

glacial acetic acid. Made up to 3 litres

with <listilled water (pH 5.3 - 5.4).

2Oml. of stock NaCN made up to 1 litre with

acetate buffer (O.2 ¡nM NaCN in acetate

buffer ) .

39 of recryst.alized ninhydrin in 100¡nl .

ethylene glycol mononethyl-ether

(3t ninhyrin in metbyl cellusolve).

Isopropyl alcohol and water 1:1.

52mg D-Ieucíne in 1 litre water (O.4mM).

Solutions for standard curve were prepared

as follows: Oo1, O.2t O.5 and 1.O ml of

leucine standard made up to 1.Oml. with

distilled water (0.04 to O.4 prnoles per ml.)n

Stock NaCN:

Acetate Buffer:

Àcetate-Cyanide :

Ninhydrin:

Diluent:

Leucine standard:



ÀPPENDIx 6.2.3.2 cont.

buffer and O.5mI. ninhydrin

1.Ornl of distiLled water to

was heated in a water bath

t76

solution. The blank was

replace tlte test, and stanilard

for 15min. at IOO.C. After

METIIOD: '

To the

acetate-cyanide

Brepared using

solutions. This

heatingr 5.OmI

test solution or standard (1.Oml.) was added O.Sml.

The solution was then cooled to room temperaÈure

against a blank on a Shimadzu spectrophotomeÈer

for the test samples were calculaÈed from the standard curve as Umole

equival.ents of leucine per mI.

diluent was added to the solution and mixed thoroughly.

and the absorbance read

at 57Onm. ConcenÈration

t
T'

t,

L

I
I

t

I
t

I
\
I

I

I
I

L

:

I

't_
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ÀPPENDIX 6.3.1.1 Variation in Total Nitrogen (nS/S dry weight
of teaf) present in mature E. camaldulensi s

foliage from January 1980 to February 1982.

SAMPLE
DATE

SÀMPLE STTE

NE Nt{ SW Mean SD
I

SE

7. 1.BO

11 .3.80

10.5.80

10. 6.80

1. ?. BO

1. 9. BO

3 .11. 80

6. 1. 81

4. 3.81

4. 5.81

3. 6.81

1. 7. 81

1. 9.81

6.11 .81

6. L.B2

8.2.82

L4.11

15.30

12.53

14.LT

15. 03

16.48

tt.7 4

t2.t4

10.35

14.51

L6.48

16.48

L3.72

L2.t4

13.32

15.69

L7.27

12.L4

t2.93

12.14

15. 30

14.51

14.90

12.53

10. 95

10.16

L3.72

L2.T4

L3.'12

10.56

t3.72

Lt.7 4

13 .03

1. B8

L3 "72

t2.L4

12.93

12.53

t3.'12

16. 09

14. 51

L3.32

10.95

10.95

14.11

t2.r4

14.11

L2.L4

Lt.7 4

10.95

15. 03

13.19

12 ,80

L2.93

L4.77

15.69

L3.'12

t2.66

11.08

11. B7

14.90

13.59

13.85

11.61

L2.93

t2.79

1.95

1.8 3

0.23

1" O5

0.91

1.05

t.?2

0.60

o.23

2.32

1.43

2.5L

o.25

0.91

1. O5

2.54

1.13

1. O6

0.13

0.68

o. 53

0.61

0.99

o. 35

0.13

L.34

0.83

L.45

0.13

o. 53

0.61

L.47

Mean

tsD

14. 03

1. B8

12. 88

t.46
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Àqqqlplx 9å.2¿. Variation of Total Phenols
(mg equiv. catechin per g dry weight of leaf)
present in mature Eg gg$1lÈulensj-g foliage from
January 1980 to Àpril 1992.

SÀMPLE
DÀTE

SÀMPLE SITE

NE
I

NVJ
I

sÍ¡ Mean SD SE

7. 1.80

11. 3.BO

10" 5.80

1. 7. BO

1 9. BO

3.11. BO

6.1.8L

4 3"81

4. 5.81

1. 7.BL

1 9. B1

6.11.81

6. t.82

8. 2.82

6. 4.82

82.98

87.70

108.98

LO4.25

90.05

92.98

84 .15

L27.88

1,23.15

102.35

108 " 98

L29.30

L32.60

113.70

to4 "25

IO4.25

LO4"25

Lo1.88

90. 05

80.60

134.98

91.95

137.33

114.88

106.60

108.98

90. 05

L44.43

101 .88

104.25

75.88

68.78

9?.15

42.94

78.25

8?.70

130.25

114.88

103.30

73.50

80.60

97"15

106.60

108 " 98

94 "78

87.70

I6.91

LO2.67

92.43

a2,97

101.88

LO2.t2

L26.69

113. 7I

94.15

99.52

105.50

t27.48

108.18

101 .09

14 "77

L7.75

5.95

10.84

6.25

28.7 6

24.67

LL.27

9.97

18.01

16. 38

20.92

19.35

5"95

5.47

8.53

to.26

3.44

6.27

3"61

L6.62

L4.26

6.51

5"76

10. 41

9.46

!2..09

11.18

3.44

3.16

Mean

tsD

105.55

L8.O4

LO?.77

18. 39

93. 39

t7.34
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APPENDTX 6.3.3.1

A¡rino acids tl-sted in this appendix are abreviated as follows:

Individual free Amino Acid concentrations
qlS/S dry weight of leaf) in mature
E: Sgg3lgglgggfg foliage from 3 sampling sÍtes.

ÀLA

ARG

ASN

ASP

BALÀ

CYN

cYs

ETH

GÀBÀ

GLN

GLU

GLY

HIS

alanine

arginine

asparagine

aspartic acid

ß alanine

cystathionine

half cystine

ethanolanine

J amÍno-butyric acid

glutami.ne

glutarnic acÍd

glycine

histidine

ILE

LEU

L'YS

MET

ORN

PTTE

PRO

PSE

SER

THR

TRP

TYR

VAL

iso-Ìeucine

leucine

lysine

methionine

ornlthine

phenylalanine

proline

phosphoserine

serine

threonine

tryptophan

tyrosine

valine
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ÀPPENDTX 6.3.3.1 (a) Indivl.dual free Amino Àcid concenÈrations
(Uglg dry weight of leaf) in nature
E. canalgulensis foliage from 3 sampling
sites at sarnpling daÈe JulI ¡¿ 1999.

ÀMINO
ÀCID

SAMPLE SITE

sr{
I

N!Y NE Mean
I

SD

PSE

ASP

lHR

SER

ÀsN

GLN

PRO

GLU

GLT

ÀLÀ

vÀL

cYs

cvN

MET

ILE

. LEU

TYR

PHE

BÀLÀ

GABÀ

ORN

ETH

LYS

Hrs

TRP

ÀRG

1 37.14

1.52

5.24

28. 13

10.78

35.51

32.44

309. 30

2.11

t7.22

6. 20

3.79

15"39

0. o9

5.73

3.84

2.65

23.71

9.80

17.O6

2.47

130.11

1 .04

9.63

43.O1

42.30

41.43

331.75

4 .43

2r.69

10.2 B

11¡.38

14.56

s.7 3

5.27

6.37

26.58

23.29

L.44

38.O3

91.43

o. 96

7 .98

28.03

29.60

102.14

38.45

2O7.24

5. ?6

14.88

5.55

1.38

11.12

3 .78

3.18

3.81

13.34

31.63

2.AO

o 49

119 . s6

1.18

7.6L

33.06

13.46

59.98

37 .51

2e?.77

4.10

L7 .93

?.34

6.52

13.69

o. 03

5. 08

4. 09

4.2A

2T.2L

3.27

23.99

1.40

13.80

24.60

o. 31

2.22

4.62

14.98

36. ?O

4.36

66.33

1.85

3.46

2.56

6.92

2.26

0.05

1.13

1. O7

1.90

6.96

5.66

7.31

1.40

2t.02

lOTÀL 670.93 77r.29 603.58 681 .9 3 84.39

GLU+GLN 344 -eL 3?4.O5 309.42 342.76 32.36
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ÀqPENDrx 6.3.3.1 (b) IndivÍdual Àmino Àcid concentrations
(USlg dry weight of leaf) in ¡nature
E. camaldulensis foliage from 3 sanpling sites
at sampling date SeptemÞgf L 1999.

AMTNO

ÀCID

SÀMPLE SITE

sw Nt{
I

NE !lean SD

PSE

ÀsP

THR

SER

ÀSN

GLN

PRO

GLU

GLY

ÀLÀ

VAL

cYs

CYN

MET

ILE

T,EU

TYR

PHE

BÀLA

GABA

ORN

ETH

Lys

HIS

TRP

ÀRG

13.44

6.6¡¡

20.30

78.77

8.51

2t1.O2

5s3.30

24.68

27 .32

12.51

23.L4

11.60

?.55

1.37

4.81

4.57

20.72

15.L7

6.23

53.12

8.85

7.47

95.45

70.35

4.O4

15.67

67.99

18. ?B

r-51.10

436.15

20.34

26.94

6.19

40.29

63.7 4

5 .60

3.L7

3 .44

20.43

30. 16

5.33

2.92

2.29

34.81

85.15

3.88

t9.42

80.23

2 .44

2s.39

188.96

523.31

3r.24

26.30

a.s2

7.O4

8. O2

0.51

5.72

5.3r

7.92

20.1 3

Lo. 5?

62.35

6.19

18.69

4.40

3.OO

15.12

56.31

4.85

18.46

75.66

9.91

a.46

185.69

504.25

25.49

26.85

9.t2

23.49

27.?9

2.69

6.39

4.43

5.31

?0"63

3.52

55.90

5 .91

23,94

5.39

4.39

68.46

56.31

1.55

2.46

6. 69

8.26

14.65

33.08

60. 86

5.40

o.52

3.19

16.63

31.19

4.22

1.11

T.L2

2.33

o.17

6.10

23.L9

0. 51

26.94

3.09

3. O4

30.96

lOTAL I2AA.94 1030.93 1230.s4 1183.47 135.29

GLU+GLN 5s3.30 436.1s 548.70 5L2.1 2 66.35
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ÀPPENDTX 6.3.3.1 (c) Individual frêe Àmino ÀcLd concentratl.ons
(Ug/g dry r'€ight of leaf) l-n ¡nature
8. caruaLdqlelsis foliage from 3 sanpling slÈeg
at eanpling datê Nogember ¿¿ 1980.

ÀMINO
ÀCID

SÀMPI.ING SIÎE

sw lNn{l NE uean I to

PSE

ASP

lHR

SEB

ÀsN

GLN

PRO

GLU

GLY

ALÀ

vÀL

cYs

CYN

I.'ET

rLE

LEU

TYR

PHE

EALÀ

GÀBA

ORN

ElH

LYS

HIS

TRP

ARG

45.89

o.07

L6.62

62.31

5. 38

11.81

32.94

83.68

11.30

22.40

5.7\

9.25

6.81

3.33

4.58

3 .99

3.50

L.7 7

1.44

16.31

¿1.14

t.62

78

LZ.l4

8.91

33.31

3.93

3A.42

59.51

46.97

392.81

4e2.23

26. SO

26.29

14. 30

10. 60

59.t2

6.62

3.7 4

10. 07

18. 57

10.12

23.33

46.98

3.44

22.t1

68.87

21.44

26L.40

34s.70

22.05

t9.72

L7.39

1.89

19.65

1.60

5.54

4.55

9. 8¡¡

18.5e

40. e4

2.1t

¡¡. 06

9r?4

89.40

42.06

2.75

25.7 4

63.58

25.60

3.94

23s.13

3 0 3.87

20. o5

22.4O

t2.47

?.25

28.53

1.65

s.61

4. 09

?.80

t2.97

o.48

22"42

2.29

3.87

4.6r

1.52

40.54

7. 60

1.64

11.33

¡1. 80

20.42

6.82

171.36

202.54

7.94

3.30

6.05

4.69

27.26

1.67

0. 98

o. 41

3.?3

9. 70

0. 83

L6.25

2.10

6.71

4.91.

6.7 0

42.92

TOTAI¿ 417.39 1266.73 1040.56 908.23 439.86

GI,U+GLN 95.49 4A2.23 345.70 307.81 196. 13
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ÀPPENDIX 6.3.3.1 (d) IndLvidual free Àmino acid concentrations
(Uslg dry weight of leaf) in mature
E. camaldule s foliage from 3 sanpling sites
at sampling tirne JanuaII 9l. 1991.

ÀMINO
ÀCID

SAMPLE STTE

s'., NW
I

NE Uean SD

PSE

ÀsP

THR

SER

ÀsN

GLN

PRO

GLU

GLY

ÀLÀ

vÀL

cYs

cvN

MEl

ILE

LEU

ÍYR

PHE

BÀLA

GABÀ

ORN

ETH

LYS

HIS

TRP

ÀRG

19.16

o. 98

13.56

42.42

3.1?

9.20

83.34

7.31

8. ?5

5"54

a.92

o.7.t

1.15

4.44

3.53

I .85

11.07

9.46

4.26

4.54

8.55

6.70

8.13

58.80

o.71

r7.64

59.24

9.25

2t.94

30.2?

18.59

23.21

14.19

5.50

11. O7

0.67

4.12

4.t6

4.73

L9.26

L6.57

9.99

5.L7

0.35

33.7?

4.7L

2L.24

80. 08

7.O2

1 .02

30.6 3

290.29

20. 58

25.9r

9. 06

21.18

66.73

4.91

4.18

3. O6

2 .55

15.60

8.66

3.92

4.7 2

7.44

6.22

7.13

3s-58

2.t6

L7.48

60.59

6.48

0.34

20.59

134.64

15.49

19.31

9.59

11.87

26.L9

2.24

4.26

3.58

3. O4

15.3r

11.57

6. 06

4.81

5.33

4.31

5.20

17.39

2.22

3.84

18.87

3.0?

0.59

10.78

13?.38

?.15

9.24

{.3s

8.25

35.49

23.2

o.t9

0.55

1. 50

4.10

4.35

3.41

o.32

4.65

3.7 4

4.23

TOTÀL 266.45 3 30.61 680.59 426.OL 222.7 6

GLU+GLN 83.34 30.27 291.30 L34.97 1 3?.96
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ÀPPENDIX 6.3.3.1 (e) Individual free Àmino acid concentrations
(Ug/S dry wêight of leaf) in mature
f. cagel4ulensis foliage fron 3 sarnpling sites
at sampling Èine Mgrch 1¿ 1991.

ÀMINO
ACID

SÀMPLE SITE

sr{
I

Nl{ NE Mean
I

SD

PSE

ÀsP

THR

SER

ÀsN

GLN

PRO

GLU

GLY

ÀLA

vÀL

cYs

CYN

¡'tET

ILE

r'eu

TYR

PHE

BALA

GÀBÀ

ORN

ETH

LYS

HIS

lRP

ÀRG

8. 39

1.82

6.64

36.85

22.43

13.56

59 .98

¿l .65

18. e3

3.24

3.89

2.7 2

3.17

2.IA

1.87

7.7L

5. 58

1.14

55.39

o.97

TT.29

22.37

6.62

23.61

t4.19

?.38

11.75

23.21

4.85

9.92

4.27

3.81

3.10

2.94

7 .46

18.52

3.60

o. 87

3?. B4

1.32

10. 58

42.30

8.83

28.11

26.OO

L29.20

8.5?

I7 .54

4.53

2.44

4.76

4.43

3.64

3.96

8.49

20.23

1.15

4.29

33.87

1.37

9.50

33.84

5.15

24.72

18.12

65.52

a.32

19.86

4.2L

5.42

5.25

3 .80

2.97

2.92

?.89

t4.7e

1.58

2.10

23.74

0.43

2.51

10.30

4.60

2.99

6.86

61.10

3. 56

2.97

0.85

3. 96

2.81

0.63

o.14

1. O5

o.54

8.01

1.84

1 90

TOTÀL 204.39 240.'to 368.24 27I.rL 86.06

GLU+GLN 42"41 30.99 157.31 90.24 63.52
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ÀPPENDTX 6.3.3.1 (f) Indlvidual free Àmino acid concentrations
(USIS dry weight of leaf) in matsure
n. ggCglOqfensis foLiage fron 3 sampling aiÈes
at sampling time MaI ,4, 1981.

AMINO
ACID

SÀMPLE SITE

st.¡ NW
I

NE Mean
I

SD

PSE

ASP

TIIR

SER

ÀsN

GLN

PRO

GLU

GLY

ALA

VAL

cYs

CYN

MET

ILE

IEU

TYR

PHE

BALÀ

GABA

ORN

ETH

LYS

Hrs

TRP

ÀRG

50.56

o.62

5.61

144.7 4

4.04

16.55

LO.44

10.71

?.13

4.72

3.11

8. 48

3.63

2.7L

2.30

2.15

6.86

11.96

t.94

2s.62

1 .99

9.42

45.32

3 .8s

1.92

16.87

14.2L

11.81

3. O6

18.12

8.78

3.69

2.60

4. 89

10.23

13.55

4.96

1.68

6. 51

1.54

1.36

85.85

32.7 3

6. s5

4. 09

L4.22

8.82

175.95

5.31

8.81

4.26

2.L4

11.36

o.25

3 .44

2.71

1.65

7.79

L2.33

1.80

2.t9

54.01

11.78

7.33

r32.72

2.63

10.26

9.06

67.84

8.88

9.78

3.48

9. 58

7 .92

o. 08

3.24

2.56

2.90

4.29

L2.62

2.90

0.56

2.L1

o.51

1.18

30.26

18.16

2.21

taa.22

2.24

8. 96

1.28

93.67

4.70

1.76

0. 68

8. 04

3.93

0.14

0.51

o.24

1.15

t.7 4

o.83

1.78

0.97

3.'t6

o.89

1.10

lOTÀL 506.27 274.36 392.29 372.3L !44.99

GLU+GLN 27 .26 16.87 190.17 78.10 97 .L9
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ÀPPENDIX 6.3.3.1 (s) fndlvidual free AmLno acid concentraÈions
(l.lglS dry weight of leaf ) in mature
E. camaldulensis foliage from 3 sampling siÈes
at sanpling time Jul-y 1¿ !2q1.

PSE

ÀsP

THR

SER

ÀsN

GLN

PRO

GLU

Gf,Y

ALA

VAL

cYs

CYN

UET

TLE

LEU

lYR

PHE

BALA

GÀBA

ORN

ETH

LYS

Hrs

TRP

ARG

AMINO
ÀCID

SAMPLE SITE

sw NW
I

NE Mean
I

SD

r32.27

4.A7

1.44

15.08

5.04

3.99

201, . 13

o.64

10.94

3.56

L2.BO

22.93

2.49

1. ?1

1 .96

7 .34

4.7 4

9.55

1.58

o.30

6.30

0.96

6.97

25.7't

7 .53

31 .64

36. O8

6.64

8.91

3.66

7 .r4

3.86

1.43

2.26

1.48

t.1L

8.57

19.54

L.49

?8.56

68.95

7.92

17.84

3.98

194.57

o. 83

8.48

6.86

1. O2

12.44

2.60

!.42

1. B9

8.43

t7 .32

72.37

24.93

3.44

19. 56

4.19

13.20

L43.92

2.70

9.45

4.69

6.98

13. 09

o. 48

2.58

1.54

1.85

8.11

1.58

15 .47

t.o2

0.10

63.21

38.18

3. 07

5.56

3.84

15.96

93.46

3.41

1.32

1. 88

5.89

9.55

0.84

0.32

0.15

0.13

0.67

2.'t 4

5.24

0.89

0.17

TOTAL 444.7 4 181 .91 427.'t-7 35L.27 L46.94

GLU+GLN 206.17 43.61 L94.57 L4A.t2 90. 69
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ÀPPENDIX 6.3.3.1 (h) Indivlëlual freê AnLno acid concentrations
(Us/S d¡y weighÈ of Leaf) in mature
E. camaldulensis foLiage from 3 sanpling sites
at sampling time SePt.emÞgg L rg9l.

ÀMTNO
ÀctD

SÀMPLE SITE

sw
I

NÛI
I

NE Mean SD

PSE

ÀsP

THR

SER

ASN

GLN

PRO

GLU

GLY

ÀLÀ

vÀL

cYs

CYN

MET

ILE

LEU

TYR

PHE

BÀI,À

GÀBA

ORN

ETH

LYS

HIS

TRP

ÀRG

134.O9

24.81

4.7 5

25.5I

3.84

8.43

6.40

156.55

3.7 3

6.24

3.53

5.42

12.18

2.54

t.22

1 .07

LT.32

2.55

L9.13

0. 38

116.30

o.71

2.52

26.45

1o.25

L1. O7

189.28

2.Or

7.49

7 .40

7.75

16.55

2.4L

r.23

1.25

11.3?

20.67

1.89

0.95

L32 .45

27.93

2.57

28.O3

13. 08

9. 55

209.58

2.27

9.60

12.68

3.77

10.04

3.37

1.65

1.70

11.51

13.39

o.19

r2't.62

1s.81

3.28

26.66

1.28

10.59

9. 01

185.13

2.65

7.74

7.A7

3.65

t2.92

2.??

1.36

:-.34

1r.40

c.85

1_?.93

0.63

0.51

9.8 3

13.17

t.27

1. 2B

2.22

2.34

2. 38

26.76

0. 94

1.70

4.59

1.84

3.32

o.52

o.24

o.33

o.10

L.41

3.96

1. 09

0.39

TOTAL 434.2A 431.55 485.59 450.4'l 30.44

GLU+GLN 164.98 199.53 222.66 195 .7 2 29.O3
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APPENDIX 6.3.3.1 (r) Individual free Amino acid concentsrations
(Uglg dry weight. of leaf) in mature
E. cqmaldulensis foliage from 3 sampling sites
at eampling time lovegbgl fu 1991.

AMINO
, ACTD

SÀMPLE SITE

sl'l NW
I

NE Mean I
PSE

ÀsP

THR

SER

ÀsN

GLN

PRO

GLU

GLY

ÀtÀ

VÀL

cYs

cïN

MET

ILE

LEU

TYR

PHE

BALÀ

GÀBA

ORN

ETH

LYS

HIS

TRP

ÀRG

106.96

1.59

9. OB

39, 41

8.46

19.33

t95.7 4

12.o9

9.74

9.67

3. 40

12-64

3. O1

2.74

2.56

17.06

6.O1

7 .90

2.AL

5 .69

t.32

75.90

o.77

3. ?5

32.26

6.67

77 .54

2L.74

r92.7 7

4. 39r

13. ?8

5. 39

!2.66

15.61

4.13

6. 30

2.25

74.70

12. Os

30.31

1 .88

1. B1

110. 68

t.19

8. 56

44.13

7.15

24.26

215.39

9.O2

14.00

4.80

1. Os

I .70

2.24

2.LO

2.77

74.73

18.61

3.8s

97.85

1.38

?.13

38.60

8.09

5.84

2t.59

201.30

8.50

L2.52

6.62

5. ?O

L2.32

3.t2

3.73

2.53

1s.50

6. 04

18.94

1.56

1.90

o.44

1.89

19.10

o. 54

2.94

5.97

o.83

10.12

2.49

L2.29

3.88

2. 38

2.66

6. 14

3 .47

0.95

2.26

o.26

1.36

6. O3

11.21

1.43

1.29

o.76

1.93

TOTAL 477.3A 47 5 .A6 493.80 442.35 9.95

GLU+GLN L95 -1 4 210.31 215.39 207 .t5 10. 20
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ÀPPENDTX 6.3.3.1 (J) fndividlual free Àmino acid coneentraÈions
¡)S/S ðtY welght of leaf) ln mature
n- cånaldulensís fol'iage fron 3 samplíng sites
at Earnpling time Janua¡a 6, L292.

I

Mean SDNEsw NW

SAMPLE SITE
AMINO

ACID

27.46

o.52

1.39

11.05

t9.24

0.95

2.AA

38.80

2.16

6.42

1.13

2.tL

6.40

0.04

0.41

0. ?o

1.41

1.27

c.42

a.99

2.19

0.36

1. s9

6. 70

103.09

2.24

11.45

s8. 03

L2.I4

t.64

17.10

r99.52

1.74

16.93

4.51

L5.24

26.53

0.08

3.36

2.89

5.67

7.AL

18.60

4.31

7L.7 J

2.27

Lr.7 4

53.69

19.46

o. 55

20. 06

1s6.03

9.40

21.81

5.81

t6.92

2't.o7

0. o3

3.48

2.22

4.O5

1.79

0.25

t9.92

2.15

2.85

3.89

0. 21

20.22

r24.94

e.62

29.60

6.54

16.24

20.96

3 .08

60. o?

!.1s

13.25

61.91

41.33

3.14

2.24

3 .44

9. 05

11.67

2.OA

52.02

2.79

10.51

41.13

4.92

22.A6

L43.64

11.84

18.91

6. 38

79.28

33.'12

3.94

1.50

3. O5

6.52

o.14

29.50

4.37

1.15

11ì6,0

o.62

PSE

ÀsP

THR

SER

ASN

GLN

PRO

GLU

GLY

ALA

VAL

cYs

CYN

MET

ILE

LEU

TYR

PHE

BÀLÀ

GABA

ORN

ETH

Lvg

HIS

TRP

ÀRG

44.32518.89 463.35440.18 430.97TOTAL

39.7220L.16 156.58GLU+GLN t24.94 L43.64




