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ABSTRACT 

Aspects of the behaviour and biology o f  potato tuber moth 

(Phthorimaea pperculella Zell.) relevant to hos t-plan t selection and 

ut i l i za t ion were investigated. Literature of relevance concerning 

this and other insects is reviewed. 

Oviposition behaviour 

To provide a basis for later experimental work the fecundi ty 

and oviposi tion behaviour of individual potato tuber moths was 

inve s t i ga t ed . Fecundity ranged from 0 to 2 36 eggs depo s ited per 

female for moths provided with sugar solution and muslin over f i l t e r  

pape r as an oviposition substrate. Fecundity under these conditions 

was not correlated with pupal weight but the number o f  mature eggs in 

the ovaries on emergence from the pupa was related to pupal weight. 

This in i t ia l  egg complement accounted for s l ightly more than ha l f  

the total number of eggs laid, so that further egg maturation mus t 

take place during adult life. Females kept w i th males throughout 

the i r  l i f e span did no t lay mo re eggs than those separated from males 

a f t e r  an initial mating, but unmated females laid ve ry few e ggs all  

o f  which were infertile. Peak ovipo s i tion (of  mated fema l e s )  

occurred 2 to 5 days after adult emergence. 

Ma ted  moths were offered a range of materials in a series of 

experiments in orde r to define phy si c al l y  op t imum subs t ra t es  for 

ovipo s i t i on . Surface depressions jus t l a rge enough to accommodate 

eggs (0.2 - 0.5 mm2) were preferred, but in addition ha i ry suh s t ra t e s  

were much more attractive than smooth. Me chan i cal s t imu l a t ion o f  

t a c t i l e  hairs o n  the ovipositor, which was examined by scanning 

electron microscopy, may account for these effects. Moist sub s t ra te s  

were hi ghly deterrent fnr egg laying and also reduced the total 

number o f  eggs laid during the experimental period. 
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Fou r  ho s t  plants (po t a to , egg plan t , tobac co and toma to )  and 

five non -ho s t  p l an t s  ( s i lver bee t ,  be an , pea , radish and ryegras s )  

were eva l ua ted wi th respec t to  ovipos i t ion behaviour in a series 

o f  experimen t s . It  was concl uded tha t acceptable plants con t a in 

ovipo s i t irin s t imulan t facto rs wh i l s t  unacceptable p l an ts contain 

de t e r ren t fa c tors . Ne i ther o f  these are however vo l a t i l e  and a c t  

for  t h e  mo s t  pa rt only o n  con ta c t . Act ive extrac t s  were p repared 

from mo s t  plan ts but no a t temp t  was made to iden t i fy ind ividual 

a c t ive con s t i tuent s .  As these fac tors we re released in experimen tal  

s i tuat ions for the mo s t  part only when plan t  t issue wa s rup tured , i t  

i s  un certain how they a re de t e c t e d  b y  the insect in the in tac t l ea f .  

S t rongly s t i mul a t ive plan t s such a s  po t a to , egg plan t  and tobacco , 

in duced grea ter tota l egg depo s i ti on as we l l  as in f l uen c ing the 

l o c a t ion of eggs . 

Fa c to rs a f fec ting fecundi ty 

Anaes the t i za t ion wi th carbon dio xide as prac t ised to  fac i l i ta t e  

han d l in g  o f  mo ths, had n o  e f f e c t  o n  fecun d i ty .  S ta rved mo ths l a i d  

on ly s l i gh tly mo re eggs tha n the comp l emen t  o f  ful ly deve loped e ggs 

in the ova r i e s  a t  ecl o s ion f rom the pupa . Mo ths p rovided wi th wa ter 

laid a lmo s t  twice as  many eggs but provis ion of  5% suc rose solut ion 

d i d  no t increase fecundi ty furt her . 

Mo ths kep t in the presen ce o f  pota to t ubers l a i d  up to  twi ce 

as  many eggs ove r their  l i fe span compared to mo ths n o t  so expose d .  

I so la ted p ieces of po ta to peel did no t produce this  e f f ec t . The 

fac to r ( s )  re spon s ible for th i s  s t imul a t ion of fecun d i ty appears to 

be  one of o dour as  tubers co vered wi th musl in produced  a s imilar  

e ff e c t  compa red t o  tho se to which mo ths had acc ess  to the surface . 

La rva l behaviour 

Newly ha tched f ir s t  in s tar larvae move vigo ro usly and 

con t inually  in the absence of p l ant ma t erial an d would be able to 

t ravel s eve ral met res before requi ring to loca te a suitab l e  host  

p lant  i f  eggs were laid away from the p l ant . Mean l i f e  s pan of  

s ta rved first  instar la rvae was 3-4 days a t  2 0°C and wa s no t grea tly 

influenced by rela t ive humidity at th i s  tempera ture . 
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Fi r s t  in s ta r  larvae tend.to be  pos i t ivel y  pho t o ta c t i c  b u t  do 

no t respond to mo i s ture . Th e i r  abi l i ty to lo cate ho s t  p lant ma terial 

is  poo r and no s t rongly dire c t ional response was de t e c te d . Movement  

is  arre s ted  af t e r  con t act i s  made w i th leaf  t issue of  hos t  p lan ts 

b u t  no t to  any exten t wi th non-ho s t  plan ts .  Newl y hatched f i rs t 

ins tar l a rvae begin to feed soon a f te r  coming into con t a c t  w i th 

l eave s o f  ho s t  plants  but will  no t feed to any exten t on non-ho s t  

p lan t t is sue . Di sc riminatory ab i l i t y  is thus inhe r i t e d . 

Re l a tive suscept ib i l i ty o f  po ta to cul t ivars 

Twelve named potato cul t ivars we re compared f o r  degree o f  t uber  

infe s t a t ion in  two sma l l  p l o t  t rials, one under glass and the  other  

out doo rs . Tuber  mo ths were a r t i f i c ially seeded into  the  e xperiment a l  

areas i n  each case . Sign i f i can t d i f ferences in degree o f  infe s t a t ion 

were o b t a ined be tween cul t ivars in the outdoor trial but  not in tha t  

under glass . 

In labo ra tory tes t s ,  d i f f e rences in ovipos i t ion p re f e rence were 

d e t e c t e d  be tween tubers of d i f f e ren t  cul t ivars but l e s s  so w i th 

fol iage . Di f fe rences we re a l so found be tween cul t ivars in the 

numb e rs of pupae re cove red fol l o wing the see ding o f  known numb e rs 

o f  f i r s t  in s tar larvae on to tubers . Pricking the surface o f  tubers 

resul t e d  in be t t e r  percentage re covery of pupae for all cul t ivars . 

No close  co rrelation wa s foun d  oe tween pe rcentage pupat ion and 

r e s i s tance o f  t uber skin to rupture or wi th the numb e r  o f  eyes p e r  

tub e r . S igni f ican t di fferences in fecun d i ty w e r e  reco rded acco rdin g  

to t h e  cul t i var on wh ich t h e  la rvae we re fe d .  

When cul t ivars we re ranked ac cord ing to oviposi t ion prefe rence 

(bare tuber s ) ,  pe rcenta ge pupat ion an d fecundi ty, the re wa s a close 

corre lation with rankin g based on degree o f  in f e s ta t ion in the f iel d ,  

sugge s t in g  tha t such fa c tors  a re l a rge l y  respons ible  f o r  the 

d i f f e rences in levels of infes tation found between cul t ivars unde r 

f i e l d  condi t ions . 
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Chapter I 

INTRODUCTION 

It is common knowledge that phytophagous insects discriminate as 

to the kinds of plants on which they feed, and that for each insect 

species there is a reasonably well defined list of plants that are 

acceptable. In some cases the list of acceptable species is long 

and they come from diverse plant groups ( polyphagous habit), whereas 

in other cases host plants are confined to a few closely related genera 

or species within a single plant family (oligophagous habit). The 

extreme of selectivity is presented by insects that feed on a single 

species of plant (monophagous habit). 

In the process of selection of plants by phytophagous insects, 

the stages of obvious importance are the ovipositing adult and the 

feeding larva and most investigations of the bases of host plant 

specificity have involved one or both of these stages (e.g. Gupta and 

Thorsteinson 1960a, and b, for Diamond Back Moth). The influence of 

the host plant on the insect may be much more subtle and intimate 

however, than merely guiding oviposition and feeding behaviour. 

Riddiford (1969) has for instance shown that, in the case of the 

Polyphemus moth, the female will release her sex pheromone, and hence 

mating will take place, only in the presence of leaves of the host 

plant (oak). Similarly, there are instances reported of host plant 

presence stimulating fecundity of adult Lepidoptera though feeding on 
1,9 

the plant does not take place at this stage. (Deseo 191G, Hillyer 

and Thorsteinson 1969). Nutritional effects of different host plants 

on fecundity are well known both directly on the adult stage 

( e.g. for Colorado Beetle, Hsiao and Fraenkel 1968d) and indirectly 

via the larval stage (e.g. for Potato Tuber Moth, Meisner _et al. 1974b). 

The following theoretical framework (Table 1) is proposed as a 

basis for analysis of the possible influences of host (and non-host) 

plants on insect behaviour, development and reproduction. A similar 

scheme has been proposed by Saxena (1969). Although the sequence of 
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·Table 1 .  Theo retical  analysis o f  po s s ible e f f e c t s  of plan t s  on 

insect behav iour , developmen t and reproduc tion 

Developmental s tage 
Behav io u ral o r  

physiological s tep 

1 .  Mature v i rg in adul t ho st plan t l o c a t ion 
( d and 9 ) 

2 .  Mature virgin adul t copula t ion 
( d and 9) 

3 .  Ma ted  female  ovipo s i t i on 

4 .  Ma ture female  fecun di t y  
(ma ted o r  virgin ) 

5 .  New l y  hatched 
1 s t  ins tar larva 

6 .  1 s t  ins tar larva 

7 .  1 s t  instar  larva 

8 .  Deve lop ing larva 

9 .  Adul t 

p lan t loc a t ion ( i f  
eggs no t l a i d  directly 
on host  plan t )  

p lan t recogni t ion an d 
feeding ( p re ference  
inhe r i te d  o r  in duc e d ? ) 

abil i ty to pene trate 
plant surface an d 
es tabl i sh 

larval growth and 
deve lopment 

fecundi ty 

Po ssible p l an t  infl uence 

a t tract ion and / o r  
arrestan c e  b y  ho s t  plan t ,  
repellence by non-ho s t  
plant 

presence of host p l an t  
required o r  no t 

st imulation by hos t  plan t , 
de terren c e  by non-ho s t  
plant 

s t imul a t ion by hos t  plan t  

attract ion and/or  
arres tanc e  by hos t  p l an t , 
repellence by non-hos t  
p lan t 

stimulat ion by ho s t  plant , 
deterren ce by non-hos t  
plant 

possible p re sence of 
physical barrier to 
es tabl i shment 

nutri t ional adequacy , 
presence/ absence o f  
toxican t s  affec t in g  
survival ,  growth rate 
and s i ze at ma turity 

in fluen ce through qual i ty 
of  larval food . 
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even t s  l is te d  i s  consecutive , the detailed order could vary somewhat ,  

e . g .  ma t in g  could precede hos t  p l an t  loca t ion o r  vice ve rsa . 

Po t a to Tuber Mo th is an ol igo pha gous inse c t  with ho s t  p lan t s  

res t r i c t e d  to certain genera wit hin t h e  plant family Solanaceae 

(At t ia an d Ma t tar 1 9 39 , Cunningham 1 969 , Picard  19 1 3� ) .  

Al though l i tera ture con c e rn in g  Po tato Tuber Mo th �s  extens ive 

(Haines 1 9 7 7. l is t s  1 2 1 references mo stly f rom the las t decade ) , 

rema rkably l i ttle ha s b een publ i shed concern in g  the bas i s  o f  ho s t  

plan t  selec tion and tha t only in re cent years (Meisn e r  � al . 1 9 74 a , b ,  

Trayn ier  1 9 75 ) . 

The theo re t i cal sc heme p roposed in Tabl e  1 has formed the basis  

of  this thesi s ,  the ma i n  obj e c t ives o f  wh ich have been : 

1 .  To inves tigate the na ture o f  the hos t plant rela t ion sh ip 

o f  Potato Tube r Mo th wi th p a r t i cula r  re ference to : 

( a )  ovipo s i t ion behaviour ; 

( b ) ho s t  pl an t influence on fecun d i ty via the adul t s tage ; 

and ( c )  behaviour o f  newly ha tche d f ir s t  ins tar larvae ; 

and 

2 .  To examine a ran ge o f  p o t a to cu1tivars for possible 

d i f ferences in  suscep t ib i l i ty ,  and to analyse the basis  

of  any such d i f ference s . 
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Chapter II 

REVIEW OF THE LITERATURE 

Maj o r  reviews o f  l i tera ture concern ing mechan isms o f  ho s t  

p lant sele c t ion b y  phytophagous insec t s  have been provided by 

Thorsteinson ( 1 9 6 0 ) , Kennedy ( 1 96 5 )  and Schoonhoven ( 1 96 8 ) . 

The rev i ew o f  Beck ( 1 96 5 ) , a l tho ugh conce rned primarily w i th insect 

resis tance in crop plan t s , i s  a l so va l uab l e  and provides d e f i n i t ions 

of a number  of terms relating to  insect behavi our (e . g .  arrestan t ,  

s t imulan t ) . In add i t ion , a number o f  impo r t a n t  symposia have been 

organized  on the sub j ec t  o f  insec t /host  p l an t  rela t ionships i n  recen t 

years , several  o f  which have been pub l i shed in separate vol umes 

(Na t iona l Academy o f  Sc iences ( Anon . 1 96 9 ) , Van Emden 1 9 7 3, Je rmy 

1 9 7 6 , Wa l lace and Manse l l  1 9 7 6 , Chapman and Be rnays 1 9 7 8 ) . 

Al though there has been much con t roversy about the rela t ive 

roles of va rious factors  in  med i a t ing insect behav iour w i th respec t 

to  plan t s , there i s  gene ral agreemen t on the dominan t role that 

chemical plant c on s t i tuents pla y .  This as pec t o f  t h e  chemical 

interac t ion between l iv ing o rga n i sms genera lly has recen t ly been 

con s idered by Wh i t taker and Fe eney ( 1 9 7 1 )  and places i n s e c t /ho s t  plant  

rela t ionships in  a broader  biologica l pe rspe c t ive . 

Much o f  the pub l i shed informa tion in t h i s  f i e l d , and a grea t 

deal o f  the d i scussio n, dea l s  w i t h  the feed ing stage o f  insec t s ,  

i . e .  w i th the l a rval stage i n  holometa bolous insects  ( o ther than 

Coleop t e ra , which are a l so o f ten p lant feeding in the adu l t  s tage ) . 

I t  is however , a l most inva r iably the adult tha t i s  the mo s t  mobi le 

s tage i n  the life cycle , so tha t loca tion and se lec tion o f  ho s t  plan ts 

( for the ensuing gene ra t ion) i s  la rge ly ma de by the ovipo s i t ing 

f ema le ra ther than by the subsequent l a rvae . 

For conven ience o f  discussion in thi s review , and to  permi t 

con s iderat ion o f  indi vi dua l as pec t s, l i tera ture is con s i dered under 

the ma j o r  headings o f  1 .  Adul t behaviour and ovipos i t ion ; 

2 .  Plant loca t ion, reco gni t i o n and feed ing behaviour; and 
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3. Plant suitability. With individual publications there is of 

course often overlap between one aspect and another, though for the 

most part oviposition and feeding have been investigated separately. 

1. ADULT BEHAVIOUR AND OVIPOSITION 

(a) Plant location by the adult 

Although this is a crucial step in the life cycle of phytophagous 

insects, especially for monophagous species, it is probably the least 

understood aspect of the whole insect/plant interaction. Two 

possibilities are obvious and have been proposed (Kennedy 1965, 

Saxena 1969). Either the insect makes orientated movements towards 

suitable plants (by visual and/or chemical stimuli) or its movement is 

random and host plant location is a matter of chance. The latter must 

involve some arrestant mechanism so that the insect stays on a suitable 

plant but takes off again from one that is unsuitable. Plant 

recognition on contact must therefore take place. There is also the 

possibility that some non-host plants may be repellent so that the 

insect never makes contact with them. Factual information to 

substantiate the type of mechanism for individual insect species is 

sparse, and unfortunately there are many instances of workers failing 

to distinguish between attraction (i.e. orientated movement at a 

distance) and stimulation of oviposition, which may only take place 

on contact (e.g. Gokhale and Srivastava 1973, Meisner � al. 1974b). 

Yamamoto �al. (1969) proposed three phases in the selection of 

plants for oviposition by adults of the Tobacco Hornworm; (i) approach 

to the plant (non-discriminatory); (ii) landing (discriminatory due 

to olfactory stimuli); and (iii) oviposition (due to contact chemo-

stimulation). Chemical odours emanating from host plants are known 

to act as attractants for some insect species, e.g. for Melon Fly 

(Keiser et al. 1973) and for White Butterfly (Hovanitz and Chang 1964) 

but in both these cases visual stimuli also play a part (loc. cit.) 

The same is true of Rhagoletis pomonella (Moericke et al. 1975). 

There are some instances where host plant odour has been shown to 

stimulate activity of gravid females but not to evoke attraction 

(e.g. for Erioischia brassicae, Traynier 1967a). This may be due to 



6. 

the experimental difficulty of demonstrating attractive behaviour 

with some insects, rather than to actual lack of response. 

In the case of insects which are nocturnal or crepuscular, as is 

the case with Potato Tuber Moth, it could be theorized that olfactory 

stimuli are likely to be more important than visual in guiding adults 

to host plants. Olfactory attraction has not however been adequately 

established for Potato Tuber Moth. Meisner � al. (1974b) showed 

that oviposition is stimulated by certain chemical components of 

potato, in particular -1-glutamic acid, but their experimental design 

did not permit conclusions as to whether attraction had also taken 

place or not. Goldson (1976) produced evidence that a steam 

distillate of potato foliage stimulated moth activity, but was not 

able to demonstrate attraction under laboratory conditions. 

(b) Mating 

Specific environmental requirements, in particular of temperature 

and light, are known to be essential for mating to occur with many 

insects, but are considered to be outside the scope of this review, 

which is confined to the influence of plants. In general, phytophagous 

insects do not seem to require any stimulus from their host plants for 

mating to take place, provided other environmental conditions are met, 

if lack of references in the literature to this aspect is any measure. 

However, in the case of the Polyphemus moth Riddiford (1969) has shown, 

as already mentioned, that the presence of host plant leaves is 

essential if mating is to occur. Similarly, Schroeder (1969) found 

that, for another Lepidopteran (Laspeyresia caryna) mating occurred at 

only a low level (25%) in the absence of host plant material but at a 

high level (84%) in its presence. Possibly, with further investigation, 

similar effects may be shown for other species. No accounts of rearing 

of Potato Tuber Moth (e.g. Platner and Oatman 1968) mention any 

difficulty in obtaining mating or benefit to be derived from the 

presence of host plant material. 

this species. 

It appears to be unimportant for 
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(c) Regulation of oviposition 

Much work has been done on the factors which regulate oviposition 

in phytophagous insects and the following discussion includes only a 

selection of references to illustrate particular points. 

Surface texture is important in choice of oviposition site for 

many insects and relates to the selection of plant species and site on 

the plant for egg laying. For instance Pedigo (1971) found that the 

Noctuid Plathypena scabra chose pubescent leaf surfaces for oviposition. 

Similarly the Carpenter Worm Moth (Solomon 1967) selects cracks and 

crevices in the bark of trees into which to lay its eggs. Further 

work (Solomon and Neel 1974) confirmed that stimulation of oviposition 

in this insect is primarily tactile, the ovipositor being covered with 

prominent mechano-receptor hairs. The moth does not distinguish 

between host and non-host trees, or between natural and artificial 

substrates provided they present similar surfaces. Mechanical 

stimulation of the ovipositor is also known to be important for the 

Eastern Spruce Budworm (Stadler 1974) though in this case chemical 

factors are also involved. 

For some species, the requirement is for a smooth rather than a 

rough surface e.g. for the Fruit Fly ru1agoletis cerasi (Prokopy and 

Boller 1971) and this clearly relates to the natural oviposition site 

(cherry fruits). In addition, other physical properties of the fruit 

(convex shape, size and colour) are important for this and other 

Rhagoletis species (Prokopy and Boller 1971, Prokopy and Bush 1973). 

In at least one instance (Yamaoka � al. 1971, Yamaoka and Hirao 1973) 

mechanosensory hairs on the hind part of the abdomen (but not on the 

ovipositor itself) have been shown to control oviposition (Bombyx mori). 

The preference �f Potato Tuber Moth for rough surfaces over smooth for 

oviposition was early observed (Picard 1913a). Traynier (1975) has 

provided a more critical evaluation of oviposition preference with 

respect to texture, moisture and light. He concludes that the most 

preferred surfaces are shaded, dry and with indentations large enough 

to accommodate eggs. 

Different coloured surfaces may be differentially attractive for 

oviposition for some species (Callahan 1957, Prokopy 1967). 
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For the Ci t rus Mo th (Prays c i tri)  the mos t  p re ferred co lour was b lue 

and  the leas t preferred red ( S ternlicht 1 9 7 4 ) . 

For many phytophagous ins e c t s  (perhaps for  mos t )  the dominant 

f a ctor  in s e le c t ion o f  oviposit ion s i t e  is the correct chemical 

s t imulus from the hos t p lan t . Some species in fac t  will no t l ay e ggs 

a t  a l l  unless they receive i t .  Percep t ion may b e  o l fa c tory , by 

con t ac t , or b o th .  Des eo ( 1 969 ) e xamined three species o f  Lepidoptera 

and found tha t for the P lum Fruit  Mo th ( Grapho l i tha funebran a )  o dour 

of t he hos t  p lant was essent ial for egg lay ing . Wi thout i t ,  the 

moths showed f o l l i c le absorp tion and died p remature ly . S imi lar 

e f f e c ts were reported for ano ther mo th ( Ze iraphera dimana)  by Benz 

( 1 9 6 9 ) . The o ther two species e xamined by Deseo ( 1 969 ) however ,  

Codl ing Mo th ( Laspeyre s i a  pomonella)  and the Ind ian Mea l  Mo th ( P lodi a  

i n t e rpunc t e l l a )  b oth laid eggs wi thout s timulus from p lant material , 

though �· int e rpunc t e l la laid more e ggs when exposed to odours o f  foo d  

m a teria l . I t  has s ince  b een shown (Wearing and Hut chins 1 9 7 3 ,  

Sutherland � a l . 1 9 7 4 )  tha t Codlin g  Mo th is influenced i n  choice o f  

ovipos i t ion s i te b y  a vol a t ile chemi cal ( a- farnesene) emanatin g  f rom 

app le frui ts . 

Chemical odours are a lso known to inf luence ovipos i t ion o f  Fru i t  

Flies . Fle t cher and Watson ( 1 9 7 4 )  sho\led f o r  ins t ance t h a t  Dacus 

t ryoni is s t imul a ted to ovipos i t  by 2-chloro-e thanol .  Anthomyid 

Roo t Flies usually lay the i r  eggs in th1! soil  adj acent to the base o f  

hos t p lant s r a ther than on the plants thems e lves . Hyl emyia c i l i crura , 

whi ch a t t acks seedlings ra ther than l a rger plants , is s t imula ted  to 

ovipos i t  by mois t soil and the presence of  cer tain s eeds b eneath the 

s u rface . De tec tion is c lear ly o l fa c to ry ( Barlow 196 5 ) . I n  the case 

o f  the Onion Ma$go t (�.  an t iqua) o rganic sulphur compounds ( n-p ropyl 

disulphide and n-p ropyl mercap t an )  have been iden t i f ied as ovipos i t ion 

s t imulants ( Matsumo to and Thors teinson 1 9 68a , Pierce � a l . 1 9 7 8 ) , 

b u t  i t  is in t e re s t ing to  note tha t high concentra t ions o f  n-p ropyl 

d isulphide d epressed ovipo s i t ion ra ther than s t imulated i t . Again , 

i n  the case o f�· brassi cae , wh i ch a t t acks Cruciferous p l an ts , chemicals 

f rom hos t p lants wh ich s t imulate oviposi tion have been identified 

( Nair and Mc Ewen 1 9 76 ) ; in this case s inigrin and four other 

g lucos inol a t es . Traynier ( 1 9 6 7 b )  considered tha t  contac t  w i th hos t 

p l ants was necessary for ovipos i t ion by this species . 
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Unma ted f emale ins e c t s  norma l ly l ay few , if any eggs , b u t  

Huignard ( 19 76 )  has shown that virgin female Acan thoscelides obtec t us 

w i l l  l ay e ggs i f  stimulated  by the presence o f  the hos t p l an t . 

Fac to rs inf luencing oviposi t ion by P o t a to Tub er Mo th , including 

chemical p lant cons t i tuents , have been examined by Me isner � al . 

( 1 9 74b ) as refer re d  to  under Section ( a) p lant location by the adul t ,  

and a lso by Traynier ( 1 9 7 5 ) . In addition to the p resence  o f  

oviposit ion s t imulants i n  hos t  p l an t s , Traynier ' s  work sugge s t s  that 

s ome non-hos t  p lants contain ovipos i t ion deterrents . 

Al though physical or chemical fac tors may b e  dominan t in the 

regulation of ovipos i t ion for some insects , there are many ins tances 

where maximum ovipos i t ion is not ob tained unless a comb ination o f  

f avourab l e  fac tors oc curs . This may p rove to be the case for mos t 

insects when adequately inve s t igated . Fo r the Diamond Back Mo th , 

Gup t a  and Thor s teinson ( 1 960b ) found tha t  bo th p lant odour ( id en t i f ied 

as a l ly l  iso thiocyana te) and a ro ugh surface were required . S imila r ly 

f o r  Trichoplus ia ni comb ina t ions o f  host  p lan t odour , mo is t ure , colour 

( especially ye l low )  and a smooth surface were necessary for  opt imum 

egg lay ( Shorey , 1964 ) . Again , for Manduca sext a ,  Sparks ( 1 9 7 3 )  

no ted tha t  touch , odour and mois ture toge ther were more s timul a ting 

than any one e l ement alone . 

Negative s t imul i , a c t ing as ovipo s i t ion dete rrents , could be  j us t  

a s  important a s  po sitive s t imuli in na ture in guiding cho ice of  

oviposit ion s it e , but have no t b een extens ively s tudied . There are 

however , s everal ins t ances reported of the oc currence of ovipos i t ion 

de terrent subs t ances in non-host p l an t s . An extrac t  of toma to was 

found by Gup t a  and Thorsteinson ( 1 960b ) to inhib it ovipo s i t ion o f  

Diamond Back Mo th on normally accep table surfaces . The substance ( s )  

r esponsib l e  was no t identi fied . Similar reports exis t f o r  Pieris 

b rassicae ( Lundgren 19 7 5 ) , for Scrobipa lpa ocella tella (Robert  1 9 7 6 )  

and for Hyl emyia antiqua (Wiens �a l .  1 9 7 8 ) . In the l a t t e r  case i t  
� 

was shown tha t  the oviposit ion deter�en t  factor was non-volat ile and 

operated by con tac t .  The like ly s i gnif icant role of  inhib i to ry 

s t imul i  for phy tophagous ins e c t s  has recently been cons idered by Jermy 

and Szen te s i  ( 1 9 7 8 ) . As a l ready indicated , Traynier ( 1 9 75 )  has 

p roduced evidence that ovipo s i t ion det e rren ts are present in some non­

host  p lants of Potato Tube r  Mo th . 
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Where o l fac tory c lues guide ovipos i t ion b ehaviour , the s ense 

receptors concerned are l ikely to be  located on the insec t ' s  antennae , 

being the normal s it e  o f  o l fa c tory percep t ion . Wi th tactile  and 

contact  chemo-sensory respons es however ,  a more likely loc a t ion i s  the 

ins e c t ' s ovipos i to r .  Where they have b een looked for recep tors  have 

usual ly been found on the ovipos i to r . Van Lenteren ( 1 9 7 2 )  describ e d  

con t ac t chemoreceptors on t h e  ovipos i to r  o f  the Cynipid wasp , 

P s eudocoila boche i . They were revealed only by SEM s tudy and had 

no t b een obs erved under ligh t  microscope examinat ion . Senso ry 

recep tors have been more recently desc ribed f rom the oviposi tor  o f  

Carrot  Fly and o f  Cabbage Roo t  Fly b y  Behan and Ryan ( 19 7 7 ) , and on 

the ovipos itor  of Acanthos celi des ob tec tus ( S zen tesi 1 9 7 6 ) . 

Such s ensory receptors on the ovipos i to r  o f  insects a re no t con f ined to  

phytophagous species . Hooper e t  al . ( 1 9 7 2 )  described s ix 

mo rpho logica l ly dis t inc t typ e s  on the ovipositor o f  the Face Fly , 

Mus ca autumnalis and Greany � al . ( 1 9 7 7 )  found them p resent on the 

ovipos i tor of an insec t paras i toid , B ios teres longicauda tus . 

( d )  Modi ficat ion o f  ovipos i t ional prefe renc e  

I t  should no t be  assumed that ovipos i t ional preferenc e  o f  an 

ins e c t  for one species or group of plants is f ixed and immutab l e . 

Hopkins ( 1 9 1 7 ) s ugge s t e d  that adul t ovipos i t ion preference is modified 

by larval f eeding expe rience . This has s ince become known a s  Hopkins ' 

hos t  selec tion p rincip le , and may b e  s tated  as "females of  p hy to phagous 

ins e c ts prefer to  ovipos i t  upon the same p lant species as that  upon 

which they thems e lves had fed as larvae" . However ,  as Wiklund ( 19 74 )  

points out , the p rincip l e  has never b een valida ted for any ins e c t 

species desp i t e  numerous a t t empts . Wha t does seem certain though is 

that ovipos i t io? preference can be mod i fied  by selec tion over a numb er 

o f  generations ( Hovani t z  and Chang 1 9 6 3 ) , and thals t rains w i thin species 

wi th diffe rent oviposit ion preferences may naturally exi s t  i n  some 

cases (Taka ta 1 9 6 1 ) . Such dif ferences are clearly b rough t about by 

gene t i c  mod ification and are not induced wi thin the lifetime of an 

individual as the Hopkins ' hos t  selec tion p rincipl e  requires . 

Wiklund ( 1 9 7 4 )  cons idered tha t ,  for the species wi th which he worked 

( P apilio machaon) , separa t e  gene tic mechanisms were responsib l e  for 

con t rolling adu l t  ovipo s i t io n  and larval feeding preferenc e . 
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De thier ( 1 9 5 9 )  has pointed out tha t a dul t Lep i do p tera some t imes 

lay e ggs on p l an t  species which are incapab l e  of suppo r t ing l arval 

d evelopment . S imilar behaviour has b een r epor ted by S traa troan ( 1 9 6 2 )  

and b y  Yamaroo to and Fraenke l ( 1 960b ) . All these r ep o r ted ins tances 

involve Lepidop tera but the same phenomenon probab ly o ccurs with o ther 

phy tophago us groups . The exp lana tion for this anomalous b ehaviour is 

p robably that the insect  spec ies have no t eo-evolved w i th the p lant s  

concerned . This is certain ly the case with the ins t ances reported by 

S traatroan ( 19 6 2 )  as all the unsui t ab l e  plan ts (which were poisonous 

to the larvae ) we re in troduced ( in to Aus tra lia)  and the Lepidop terous 

species were a l l  indigenous . I f  the oviposi tion b ehaviour o f  roos t 

phy tophagous ins e c ts is gui ded by secondary p lant s ub s tances , as seems 

to be the cas e , then it is l ikely that the p lan t species concerne d , 

though unsui t ab l e  to the larvae , contain the neces sary a t t rac tant / 

s t imul an t  fac tors for adult  oviposi t ion , b u t  this appears no t to have 

been e xamine d  experimentally . 

( f )  Effec ts on fecundity 

The qua l i ty and quant i ty o f  food availab l e  to insects  f rom the i r  

ho s t  p lants have important e f f e c ts on fe cundity . In the case o f  

phytophagous insec t  groups wh ich feed l i t t le (and f o r  some species no t 

at a l l ) in the adult  s tage ( Lep idop tera , Diptera) , the main e f f e c t  is 

through food qua l i ty and ava i lab i l i ty for the larval s tage so tha t 

f e cundi ty o f  the adult fema le is commonly inf luenced b y  the species 

o f  p lant on which the larva fed . Fo r ins t ance , Me isner � a l .  ( 1 9 7 4a)  

reported tha t the mean t o t a l  numbers o f  e ggs laid by P o t a to Tuber  Mo th 

varied f rom 1 0 . 7  for adul ts derived f rom l a rvae fed on tobacco l eaves 

to 7 5 . 4  for aduits derived f rom l arvae fed on potato t ubers . 

Wi th Coleop tera , which mos t ly feed to a cons iderab l e  exten t  as 

adul t s , qua l i t y  and quan tity of adul t food may be j us t  as importan t  

in inf luencing fecundity as tha t o f  t h e  larva e . g . for  Colorado Bee t l e  

a s  reported  b y  Hs iao and Fraenkel ( 1 968d) . 

Though , as po inted out above , mo s t  adul t Lepidop tera do no t feed 

to any great  extent , availab i l i ty o f  food , o r  even of water only , may 

neverthe less a f f e c t  fecund i ty . In the case o f  Po t a to Tuber  Mo th 
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Labeyrie ( 1 9 5 7 )  found that mo ths p rovided with water laid  twice as 

many eggs as tho s e  denied it and tho s e  p rovided with honey as we l l  

as water , l a i d  three t imes a s  many . 

E f f e c t s  of  hos t  p lants on fecundi ty are no t necess a r i ly due 

sol ely to nutr i t ional fac tors however .  H i llyer ( 1 9 6 5 ) repor ted tha t 

the mere presence o f  the hos t  p lant , w i thout feeding taking p lace , 

s t imulated ovarian development i n  the Fri t  Fly and increased the to t a l  

number o f  eggs laid . Thi s  was also found to  be  the case w i th Diamond 

Back Mo th ( Hi l lyer and Tho rs teinso n  1 9 6 9 )  and the e f f e c t  in this case 

could be  s imulated by a l ly l  iso thio cyana te , (a  cons t i tuen t of  ho s t  

p lants fo r this species ) .  Thes e  authors showed that con t a c t  with 

the hos t  p lan t was required for full  respons e ,  but  tha t odour a lone 

p roduced some e f fe c t . Deseo ( 1 9 7 6 )  working with the I nd i an Mea l  Mo th , 

reported a s imilar e f f e c t  i nduced by the odour of foo d ma te r ia l . 

Response could b e  e l iminated by removal o f  the distal  half  o f  the 

antennae , showing c learly that pe rcep t ion was o l fac tory in this c as e . 

50 per cent antennec tomy did no t however e l iminate d i s c r imina t ion by 

the mo th o f  location o f  the ovipo s i t ion s i t e , sugges t ing that fo r this 

species a t  l eas t , there are two separate mechanisms (both o l f a c to ry )  

governing s t imul a t ion o f  ovarian deve lopment and cho ice o f  ovipos i t ion 

s i t e .  

Thi s  phenomenon o f  st imula t ion o f  fe cund i ty b y  chemical  fac tors 

emanat ing f rom the ho s t  p l an t  may b e  more common than these repo r t s  

suggest , as i t  appears to  have b e e n  invest igated f o r  a f ew species only . 

2 .  PLANT LOCATION , RECOGNITION AND FEEDING 

B EHAVIOUR 

Al though ini t ial s e lec t ion o f  a plant is of ten made by the 

ovipos i t ing f emale for he r offspring , mos t  of the l i tera ture dealing 

with inse c t / p l an t  relat ionsh ips and me chan isms of  p lan t s elec t ion 

concerns feeding by the larval s t age , and add i t ionally by the adul t in 

those ins t ances whe re it occurs . 

A p ioneer in this f ield was Fraenkel who pub lished a series o f  

papers i n  the 1950s and ' 60s ( Fraenkel 1 9 5 1 ,  1 9 5 8 ,  1959 , 1 9 69 ; 

Fraenkel � a l . 1 9 6 0 ) . He put forward the theory tha t all  plan t s  are 
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of s imilar nut r i t iona l  value to ins e c ts , and a t tributed hos t p lant 

s e l e c t ion to "s e condary p lan t subs tances " ( i . e .  of no known phys io­

logi c a l  role in p lant s )  of no nut r i t iona l  s igni fican c e . Thes e  he 

considered cou l d  be e i ther s t imulatory or inhib i tory and tha t the 

b alance of such p roperties for a par t icular p lant determined whe ther 

it  was accep ted  or not . I n  particular , he s tressed tha t  repel l an t  

and d e terrent s ub s tances we re impor t an t  i n  determining p l an t  ac cep tance 

or rej ec t ion. 

The impor t ance of rej e c t ive s t imuli has been con f irmed b y  Je rmy 

( 1 965 , 1 966 ) who cons idered them to be  the main mechanism o f  hos t 

plan t  selec tion . Tha t they are indeed impor tant is no longe r i n  doub t 

as a recen t  review of chemical inh ib i t ion of feeding by phytophagous 

ins e c t s  by Chapman ( 1 9 7 4 )  shows . ( Fur ther re ference to feeding 

d e terrence is g iven in the s e c t ion concerned w i th this b e low) . 

O ther fac tors have however been shown to p lay a rol e . Thors te inson 

( 1 95 8 ,  1 960) showed tha t pos i t ive s t imula t ion of feeding was usually 

necessary and tha t  for some insec ts , e specially polyphagous species , 

solub l e  nut r ie n t s  may se rve this fun c t ion . Waldbauer ( 1 96 2 )  

demon s t ra te d  tha t  growth and development o f  an ins e c t  were not 

s a t is factory whe n  induced to eat normal ly rej ec ted p lant s . 

Fraenkel ' s or iginal p roposals , though provid ing s t imulus for 

research , have there fore requi red cons iderab l e  amendment, The more 

modern concep t of hos t p lant s elec tion mechanisms has b een p u t  by 

De thier ( 1970a , b ,  1 9 76) who s t resses the impor tance of the tot a l  

s t imulus pa t tern perceived by the ins ec t .  He cons iders individual 

chemical  s t imul i , whe ther pos i t ive or nega tive in t erms of respons e ,  

to b e  impor tant in con t ributing to p lan t accep tance or rej ec t ion , but 

stres s es that they should b e  cons idered wi thin the con text of total 

sansory inpu t . With this general int roduction to theories of host 

plan t  sele c t ion , specific aspe c ts are reviewed in more detail below. 

( a )  Attrac t ion and arrestmen t  

The degree of developmen t o f  hos t  p l an t  loca t ion mechanisms in 

the larval s tage of ins e c t s  is l ikely to vary with the normal loca t ion 

of the eggs (on or away f rom the hos t  p lant ) ,  the mob i l i t y  of the 

larvae , and also the degree of polyphagy exhib i t ed . Some degree o f  

• 
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hos t p lant  f inding ab i l i ty is however a lways l i kely t o  b e  p resen t  even 

if l imi t e d  to  hos t  p lant reco·gn i t ion af ter contac t . As pointed out 

for ovipos i t in g  adul t s , only two possib i l i t ie s  exi s t  a s  t o  p lant 

location mechanisms ; random movement with chance location of sui t ab l e  

p lant s , o r  orientated movement in response to  a dire c t ional s t imul us . 

There i s  evidence for b o th types o f  mechanism in plant feed ing ins e c t s . 

The best  examp le o f  a chance  locatio n  mechanism is p robab ly tha t 

of  aphids whi ch s eem for  the mos t  part to  l and on p l an t s  a t  random 

fo l lowed by e i ther a c cep tance and ini t ia t ion o f  feeding o r  take o f f  

and repeat o f  the process ( Kennedy 1 9 76 ) . Many other  ins e c ts however 

appear to  orientate  to volatiles f rom thei r  hos t  plan t s  a s  evidenced 

for Col o r ado Bee tle  by  d e  Wilde  ( 1 9 7 6 )  and  Vis ser and Nie lsen ( 1 9 7 7 ) , 

Silkworm l arvae (Wa t anabe 1 9 5 8 ) , l a rvae o f  the weevil Lis t roderes 

(Ma tsumoto 1 9 7 0 ) , l a rvae of Codling Mo th ( Su the rland 1 9 7 2 ) , larvae 

of Ric e  S tem Borer ( Sa i to and Munaka ta 1 9 70 )  and larvae of Carrot Fly 

( Jones and Coaker 1 9 7 7 ) . In  some cases the chemical sub s t ances 

involved have been ident ified e . g .  a l ly l  and phenyl isothiocyanates 

for List roderes ( Ma tsumo to 1 9 70 ) , a- farnesene for Co d l ing Mo th 

( Suther land and Hut chins 19 7 2 ) , p-me thyl ace tophenone for Ri ce S t em 

Borer ( Sa i t o  and Munaka t a  1 9 70 ) . The dis tance over which s uch 

a t trac t an t  behaviour is exhib i t e d  may be qui t e  small ; in the case o f  

larvae o f  the Onion Maggo t  only about 1 cm (Ma tsumo to and Thors t eins en 

1968b ) . 

Live p lan t t is sue produces o ther vola t i l e  sub s t ances beside s  

o rganic compounds o f  t h e  type re f erred to above ; i n  particular c arbon 

dioxide and water vapou r . I t  is possible that at t rac t ion o f  p lant 

material could be  due in part to such subs tances rather than t o  mo re 

specific  a t t rac tant s .  Jones and Coaker ( 1 9 7 7 )  however have shown that 

carbon dioxide is not a t trac tive for  Carro t Fly larvae , but Sutherland 

( 19 75 )  reported a pos i t ive respons e to wa t e r  vapour in the c ase o f  

newly hatched Cod l ing Mo th larvae . Response t o  such vol a t i l e  sub s tances 

o f  universal o ccurrence could no t o f  course p rovide selec t ive p l an t  

locat ion . 
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These aspe c t s , though invo lving o pposite behavio ural responses , 

may be  con s i de re d  as two sides o f  one coin . In feeding s tudies o f  

individual insect species they have o f ten bo th been e xamined and are 

therefore j o in t l y  deal t with he re . The litera ture conce rning 

regula tion o f  feeding in in sects is extens ive and a selec tion o f  

re f e rences only i s  cons idered here t o  underl ine par t icular points . 

A general review o f  the chemi cal cont ro l o f  fee ding behaviour in the 

An imal Kingdom has been p rovided by Lindstedt ( 1 9 7 1 ) . 

Al though the ini tiat i on o f  feeding depends pa rtly  on inte rnal 

physiologica l  s ta te. mo s t  phytophago us insec t s  require some external 

chemical s t imul us before feed ing wi ll take place . In polyphagous 

specie s ,  such as locus t s  an d armywo rms, this s t imul us s eems to be 

p rovided by nutrient chemicals of general occurrence in plan t s ,  in 

particular certain suga rs and amino -a cids (Goodhue 1 9 6 3 ,  Cook 1 9 7 7 ,  

Ma and Kubo 1 9 7 7 ) . Ins e c t s  that ha ve a mo re res t r icted plan t  hos t  

range (oligophagous spec ie s )  appear t o  require a rather mo re speci f i c  

chemical s t imulus o f  limi ted bo tan ical occur rence , e . g .  mus tard o i l  

glucoside s  in t h e  case o f  Diamond Back Mo th larvae ( Tho rs teinson 1 95 3 ,  

Nayar and Tho rsteinson 1 96 3 ) . Other ol igophagous species fo l low a 

s imilar pa t te rn (Nayar and Fraenke l 1 9 6 3a ,  b ,  Yamamo to and Fraenkel ; 1-+s,-o.o r<1n, 
1 9 60a,A Hsiao and Fraenke l 1968b ) , tho ugh the chemical sub s tances 

invol ve d  have no t been iden t if ied in a l l  cases . In the s i lkworm , a 

monophagous species , separa te chemi cal  factors stimula t ing b i t ing and 

swallowing have been ident i fied (Hamamura 19 70) . In these cases 

( o ligophagous and monophago us spe c i e s )  common nutr ien t s  may rein force 

the more specific  feed ing s t imul ants , e . g . fo r Co lo ra do Bee t le 

( Hsiao and Fraenke l 1 96 8a )  so tha t combinat ions o f  chemi ca l s  may b e  

necessary fo r maximum food in take . Fo r the silkworm , Nayar and 

Fraenkel ( 1 9 6 2 )  repo rt  tha t  spe c i f i c  phagostimulan t s  operate only in 

the p resence of sucrose . Me isn e r  e t  a l . ( 1 9 74a)  inves tiga t e d  the 

feeding behaviour o f  potato  t uber mo th l arvae and found that feeding 

was s trongly s t imulated by sucrose and by certain amino acids , in 

part icular a-amino butyri c . Their wo rk sugges ts however tha t a furthe r 

un i den t ified  subs tance may be responsible fo r hos t plant spe c i f ic i t y .  

The possible o c currence o f  feed ing deterrents  in non-�ho s t  plants  was 

n o t  examined .  
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I f  po lyphagous inse c t s  are s timul a ted t o  feed b y  common nut r i en t  

c hemi cals o f  un ive rsa l d i s t r ibut ion i n  plants , some o ther facto r ( s )  

mus t b e  responsible fo r determining t hose plan t s  that are no t fed on 

( there are always some ) . This  seems to be p rovided ma inly by 

chemi ca l s  which act  as feedin g  dete rren t s  as has been shown for lo cus t s  

(Bernays and Chapman 1 9 7 5 , 1 9 7 7 )  and a n  a rmywo rm ( G ran ich e t  al . 1 9 7 4 ) . 

Al though many o l i gophagous and mono phagous insects  a re known to 

req u i re spe c i f i c  feeding s t imul i rest r i c ted to the i r  ho s t  plan t s ,  

deterren t chemicals i n  non-a cceptable plan t s  a l so seem t o  p l ay a ro l e  

i n  de f in ing p lant hos t  ran ge . Th is  i s  c e r ta in ly the c a s e  fo r Co lo rado 

Beetle  (de W i l de 1 9 5 8 ,  Je rmy 1 95 8 ,  Hs iao and Fraenkel 1 968c , Hs iao 196 9 ,  

1 9 7 6 )  an d p robably for Di amond Back Mo th (Gup ta and Thors te inson 1960a ) . 

Even in the case of  a s t r i c t l y  monophagous species ( s i lkwo rm) posi t ive 

feeding stimulan t s  in t he ho s t  plant species seem to be reinforced by 

deterrent chemicals  in many non-ho s t  plants ( I sh ikawa � al . 1 9 6 9 ) . 

Chapman ( 1 9 7 4 ) in his review o f  chemi cal inhib i t ion o f  feed ing in 

phytophagous insec t s ,  po in t s  out that the chemical nature o f  feeding 

deter ren t s  i s  very d iverse . Al so , a s  in sects  exh i b i t  a grea t deal o f  

d i f feren tial s uscep t ib i l i t y  t o  them , interact ions a r e  extremely complex . 

I t  may b e  conc luded tha t  d i s t r i but ion o f  feeding s t imul ant and 

feed ing dete rrent chemi ca l s  be tween species of plants  is a maj o r  fa c to r  

( probab ly t h e  maj o r  fa c t o r )  i n  de t e rmining t h e  hos t range o f  

phy tophagous insec t s ,  but o ther  prope r t ies o f  p lan t s  may a l s o  b e  

important (see Sect ions ( c )  and J .  be low) . 

( c )  Mo d i f i ca t ion o f  feeding p re fe ren ce 

It seems to have been assumed by mo s t  workers that feeding 

preference of phy tophagous inse c t s  is  a f ixed and gene t ically determined 

feature . Th i s  view has been chal l enged by some inve s t i ga to rs who have 

shown tha t  preference for part icula r s pecies of plants  can be modi f ie d  

( i . e .  induce d )  by previous feeding expe rience (Jermy � �- 196 8 , 

Hanson 1 9 7 6 ) . The phenomenon appea rs  to be mos t  common amongs t 

Lep i dop t e ra , but perhap s only because they have been s tudied mo s t .  

Hanson ( 1 9 7 6 )  suggests tha t i t  i s  mo re common i n  po l yphagous s pecies . 

The fact  tha t ho s t  plan t p re fe rence i s  not  en t i re ly inheri ted i s  a l so 

shown b y  the fact tha t some insects lose speci f i c i t y a f te r  a period o f  

r ea r ing o n  a n  a r t i ficial d i e t  ( Schoo nho ven 196 7 )  and b y  t h e  f a c t  tha t 
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newly hatched f i r s t  ins tar l arvae may b e  mo re po lyphagous in hab i t  

than later ins tars (Yamamo to 1 9 74 ) . The l imits o f  such mod i f ica t ion 

appear to  be  quite  narrow so tha t t he ho s t  range of the inse c t  

concerned i s  unl ikely to  b e  dras t ically al tered . A certain amount 

o f  flexib i l i ty i s  c learly a b iological advantage in many s i t ua t ions . 

( d )  Physical factors 

Al though chemical factors seem to be  the dominant ones i n  

d e t e rmining p l a n t  ho s t  range : physical p ropert ies o f  p lan t t i ssues may 

a l so be  impo r tan t in some cases . I f  toughness o f  ep i dermal layers 

p re vents newly ha tched f ir s t  in s tar l arvae f rom es tabl ishing f o r  

ins tance , the p lan t concerned wil l no t be  a n  e f fec t ive hos t  p l an t  no 

ma t te r  how sui table in o ther ways . Some physical chara c t e r i s t ics  o f  

p l an t s  may have therefore evo lve d  a s  de fence mechan isms again s t  

phytophagous inse ct s .  Phys ical factors have been recogn i z e d  as 

con t r ibuting to  inse c t  re s i s t ance in c rop plan t s  in some cases 

( Pa in te r  1 95 1 ,  Beck 1 9 6 5 , Agarwal 1 9 6 9 )  but  appear to have rece ived 

l i t t l e  detailed  inve s t iga t ion . Tan ton ( 1 962 ) has shown tha t feeding 

by l a rvae of the Mus tard B e e t l e  is reduced by leaf " toughnes s "  and 

that this in t urn i s  re f l e c t e d  in reduced growth rate . Leaf 

pubes cence has been described as a feeding de terren t for the Ce real 

Lea f Beetle  ( S chillinger and Ga llun 1 96 8 ) . The ab i l ity of some plan t  

ha i rs t o  physically trap in s e c ts ha s recently b een de scribed b y  Gibson 

and Turner ( 1 9 7 7 ) , and in some cases leaf hairs may cont a in toxic 

chemicals besi des p rovi din g  a phys ical barrier (Thurs ton 1 9 70 ) . 

I t  seems possible that in some ins tances phytophagous inse c t s  

a r e  able t o  dis criminate between p l an t s  o n  the bas i s  o f  chemic a l /  

phy s i cal p rope r t ies of  t h e  plan t  surface wi thout taking a te s t  b i te , 

as indicated by the ab i l i t y  o f  locus t s  to perce ive plant surface waxes 

(Be rnays and Chapman 1 9 7 0 ,  Bernays � a l . 1 9 76 ) . 
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There seems l i t t le doub t that in sect  feeding deterren t chemicals 

are part  of the a rmoury that p lants have evolved as p rotec t ion 

again s t  herbivores , which may of cours e  in c lude animals  o the r than 

inse c t s  ( Feeny 1 9 76 ,  Rhoades and Ca tes 1 9 76 ) . Where herb ivores are 

not d e t e rred f rom feeding , the re is s t i l l  the poss ib il i ty of toxic 

sub s tances wi thin the p lan t t i ssues a c t in g  as a second line of de fence . 

Thi s  p robably accounts  for the l arge numb er of chemica l s  with 

in sectic idal activity reported f rom p lan t s  ( Jacobsen 1 9 75 ) . Species 

of plan t s  con taining s uch ma terials are not however necessarily 

immune to inse c t  a t tack , a s  inse cts  may have the b iochemical abil i ty 

to e volve de toxicat ion mechan i sms to ove rcome t he plan t ' s  defences . 

Re cent work by Reese  and Beck ( 1 9 76a , b ,  c ,  d and by Schoonhoven and 

Derksen-Koppers ( 1 9 76 )  has shown tha t toxic sub s tances in plan t s  may 

not necessarily exert ra pid e f fe c t s . More sub t le p roperties  may b e  

p re sen t which are only revealed by feeding t o  insects ove r a p er iod of 

t ime , and are expressed in such parame ters as reduced growth rate , 

sma l l e r  size a t  maturi ty and lowered f ecundi t y ,  ra the r than by acute  

mortal i ty .  

( b )  Nu tritional adequacy 

Di fferences in larva l growth ra tes , s ize at ma turity and adult  

fecun d i t y  according to hos t p lan t specie s , may be due to dif feren ces 

in nut r i t ional value as much as to presence of chronic toxican t s .  

Al t hough much i s  now known about the n u t r i t ional requiremen t s  of 

phytophagous inse c t s , inadeq uate informa t ion is avai lable in mos t  

ins tances  to d�te rmine the rela t ive impor tance of this fac tor in cases 

of insect  resistan t  crop plan t s  (Maxwe ll 1 9 7 2 ) . 

A further complica t ion i s  tha t dige s t ib i l i ty may vary f rom one 

plan t to another as has been shown to be the case even for highly 

polyphagous ins e c t s  such as Southern Armyworm ( S� Hoo and Fraenkel 

1 9 66 ) . S imilar varia tion was also obtained for an ol igophagous 

spec ies (Toba c co Hornworm) by Wa ldbauer ( 1 9 6 8 ) . 

( 
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Nut ritiona l d i f ferences may also occur b etween cul t ivated 

va rieties o f  plan t s  within a s ingle plant species and con t ribute to  

d i f f e rences in b io logical performance o f  the insect conce rned a s  has 

been shown for aphids by Auc lair � al .  ( 1 95 7 )  and Van Emden and 

Bash f o r d  ( 1 9 7 1 ) . 

Nut ritional requiremen ts o f  larvae o f  potato tuber  mo th have no t 

been s tudied and no in forma t ion is ava il ab l e  to assess whe ther 

d i f f e rences in n u t r i t ional val ue s  could cont ribute towards repo r t e d  

d i f f e rences i n  suscep t ib i l i ty ' o f  po tato cul t ivars to t h i s  ins e c t  

( Bal d and Helson 1944 , He l son 1 949 , Abdel-Salam � al .  1 9 72 , Bed i  

1 9 74 , Foo t  1 9 76 ) . 
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Chap t e r  I l l  

REAR I NG 

To p rovide a regular supply o f  ins·e c t s  for experimental work a 

p rogramme of l abora tory rearing wa s undertaken based on the method o f  

Platner and Oa tman ( 1 9 6 8 )  using pot a to t ubers  as larval foo d ,  b u t  

s caled down t o  p roduce smaller numb e rs . Al though an a r t i f ic ial d i e t  

for larvae of Potato Tuber  Mo th h a s  recen tly  been described ( S ingh 

and Charl e s  1 9 7 7 ) , this was not ava ilable at the time s tudies we re 

commenced and in any case seems to p rovide l i t t l e  advantage over 

potato t ubers  for general rea ring . 

MATERIALS AND METHODS 

The colony was s tar ted f rom a nucleus s tock ob tained from 

Entomology Divis ion , Depa rtmen t of Sc ient i f ic and Indus t rial Re search , 

Auckland . Small  po t a to tube rs o f  cv . "I l am Ha rdy" were used as larval 

food . To a s s i s t  larval pene t ra t ion , tubers were perforated  super-

f icially by rol l ing them over a boa rd with sp ikes at approxima tely 

1 cm2 spac ing . Groups of 4 or 5 such tubers were placed on a shallow 

layer of f in e  river sand in plas t i c  boxes 1 7  x 1 7  x 10 cm.  Fil t e r  

papers bea ring eggs c lose to hat ching we re placed on a l ayer of mus l in 

laid ove r  the top of the tube rs . The boxes we re then c losed with 

perforated l ids and kept  at 25°C and 60-70% RH for 1 8  d ay s . The mus l in ,  

and f i l t e r  paper bearing any unha t ched eggs , were removed after  2 or 3 

days . The rearing con tainers we re kep t in darkness excep t for da ily 

a t ten t ion to the colon y .  The number o f  e ggs seeded in to each con t ainer 

was adj us t e d  so th a t  the la rval dens i ty did not excee d  1 per 3 g of 

f resh tuber we i ght . 

Af t e r  1 8  days mos t  la rvae had eme rge d f rom the t ub e r s  and 

pupa ted in the san d .  To ret rieve the maj or i ty of pupae the t ubers  we re 

removed ,  any adhe r ing pupae scraped of f ,  and the sand passed through a 

s ieve . Pupae (wi thin their  cocoon an d adhe r ing sand cove ring) we re 
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hel d  in a re f rigerator a t  5-6°
C f o r  up to 4 weeks , for use a s  

require d .  

Con tainers for adul t mo ths consisted o f  glass preserving j ars o f  

approx ima tely 5 00 ml capacity into which batches of  p upae we re placed 

for  emergen ce . The mouth o f  each j ar was cove red with t erylen e  gauze 

of app roxim a tely  0 . 5 mm mesh . Fil te r  paper ( 7 . 0 cm diame t e r )  placed 

over the gauz e an d held down with a smal l  petri dish provi ded a 

sui tab l e  ovipo s i t ion s i t e .  Five per  cent sucrose solution wa s 

p rovided for the mo ths . Con tainers o f  adul t mo ths we re kept in an 

incubato r a t  2 5° C,  un con t rolled  humidity,  and in da rkness except for  

daily  a t t en t ion . 

As soon as ovipo s i t ion commence d ,  the f i l ter pape r , on which 

almos t a l l  eggs we re l a i d ,  was renewe d daily.  Individual containers 

of  mo ths were kep t for abou t  a week and then discarde d ,  since by this 

t ime egg pro duc tion had d e c l ined sha rp l y .  

Papers bea ring eggs were hel d  a t  25° C for 2 - 3  days to allow 

emb ryoni c  deve lopmen t to  p roceed . At  the end o f  this t ime the eggs 

we re o range in colour , as opposed to pearly whi t e  soon a f t e r  l aying . 

Eggs o f  this age cou ld be  s tored for a t  l eas t 4 weeks in a ref rigerato r  

a t  5-6
°

C wi thout serious loss o f  viab i l i ty .  Eggs required for  rearin g  

we re t ransfe r red to 25° C and h e l d  a t  that temp e ra ture unt i l hatching 

was immine n t  ( indicated by dark grey to black co loura t ion) or had 

a l ready commence d .  They were then see de d  in to rearing con t ainers o f  

p o t a to t ubers  p repared a s  de scribe d .  

RES ULTS AND DISCUSS ION 

The me thod described proved conven ien t an d re l iabl e  in supplying 

insec t s  of known age and rearing his tory fo r e xperimen tal purposes . 

The separa t ion o f  the four life s tages of  eggs , larvae , pupae an d 

adul t mo ths in to di sti nc t phases o f  the rea ring cyc l e  p rovided p re c ise 

con trol ove r age and qua l i ty o f  inse c t s  used for  experimen t s .  
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In artifi cial  rea ring o f  any insec t species there is always the 

po ssib il i ty of gen e t i c  mo dification through sel e c t ion impo sed by the 

rearin g  condit ions ( Chambers 1 9 7 7 ) . Some wo rke rs have sugge s te d  

periodic add i t ion o f  field co l l e c ted inse c t s t o  the rearing s to ck to 

min imize this p roblem.  Such a pro cedure was considered in the p resen t 

ins t an ce but was d i s carded be ca use o f  the po ssibility o f  acc iden tal  

in troduc t ion o f  a d isease o rgan ism such as the v i rulen t virus d i s ease 

o f  Po tato Tube r Mo th described by Ree d  an d Sp ringe t t  ( 1 9 7 1 ) . No 

p roblems of  pa thogen infe c t ion were en coun t e red in the laboratory 

rearing o f  Po t a to Tuber Mo th as de scribed o ve r  approxima tely 4 0  

genera t ions . 

--------



Chapter IV 

S TUDIES ON OVI POS ITION 

1 .  PRELIMINARY EXPERIMENTS 

23. 

To provide essential base line data on the pattern of egg laying 

in time and on individual variation in fecundity, a series of 

preliminary experiments was conducted. Opportunity was also taken 

to obtain information on the relationship between fecundity and mated 

state and between fecundity and pupal weight. 

MATERIALS AND METHODS 

To facilitate separation of emerging moths from pupae, and hence 

to provide adults of known age, small emergence cages of the type 

illustrated in Fig. 1 (a) were used . On emergence, most moths moved 

into the upper part of the container; a sheet of cellulose acetate 

was then slid between the upper and lower halves. Moths were removed 

daily in this way, anaesthetized lightly with C02 to facilitate 

handling, sexed, and set up in experimental containers. When unmated 

moths were required , pupae were separated individually into small glass 

tubes and emerged moths were removed daily. 

All experiments were conducted in temperature controlled cabinets 
0 

at 25 C, uncontrolled humidity and in darkness except for daily 

attention to the containers. 5% sucrose solution was provided on 

cotton wicks, whi ch were re-moistened dai l y. 

(a) Indivi dual va riation in fecundi ty and relationship 

to pupal weight 

Pupae were dissected free from thei r silken cocoon and weighed to 

the nearest 0 . 1 mg. They we�e then placed individually into small 

tubes and held at 25
° C until adult emergence. Within 24 h of 

emergence moths were sexed and placed into plastic cup s  of app roximately 

55 ml capacity. The mouths of the cups were closed with fine terylene 
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Fig . 1 .  Des igns o f  con t a iners for experiment s  on fecund ity in 
relat ion to mated s t at e ,  age and pupal weigh t : 
( a )  f o r  moth emergence and s eparat ion f rom pupae ; 
( b )  for coll ec t ion o f  eggs f rom moths held s ingly or  
in  groups .  
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net  (approximately 0 . 5 mm2 mesh) s ecured by the cut-out rim o f  the 

plas tic l i d . A 4 . 25 cm d iame ter f i l t e r  paper was p laced in c lose 

con tact wi t h  the t e ryl ene net  and hel d down by a second p l as t i c  c up .  

Co t ton feedin g  wicks were inserted through the sides o f  the cups near 

the  base . In a dd i t ion to  allowin g replen is hment of the s ugar solution 

f rom the outs i de , this arrangement allowed t he wicks to  a c t  as 

removable p lugs so t h a t  dead mo ths could be removed from the cont ainers 

daily.  The des ign of  the expe rimen t al con tainers is shown in Fig . l (b ) .  

Two mal e s  and one femal e we re in i t ial l y  placed into e ach cup . 

Any males whi ch died were replaced un til  the death o f  the fema l e .  

Almo s t  a l l  e ggs we re laid through the te ryl ene mesh on to the f i l t e r  

paper,  thus the numb e r  o f  e ggs l a i d  per  con tainer pe r day was readily 

assessed by daily repla cement o f  the fil ter papers . 

eggs laid e l sewhere in the con t ain e rs we re ignored . 

(b ) Rel a t ionship o f  egg number  in ovaries a t  

eme rgence to pupa l  we ight 

The very f ew 

Pupae were weighed and he ld ind ividua l l y  in sma l l  tubes for 

eme rgence , as de scribed above . Fema le mo ths emerging f rom these pupae 

we re disse c t e d  within 4 - 1 6  h of  emergence and the number o f  fully 

developed eggs wi thin the ovaries d e t e rmine d . Di ssec t ion was under-

taken by remo ving the abdomen , and tearing i t  open gently w i th f ine 

forceps in a d rop of wa ter on a micro scope s l ide . The t o t a l  numbe r  

o f  fully developed eggs (based on s i z e )  within the ovaries was then 

counted . Smal ler eggs we re no t reco rde d .  

( c )  Rel a t ionship be twe en eggs l a i d  and ma ted s ta te 

and the pattern o f  egg laying in t i me 

Mo ths l ess t han 24 h o l d  were placed in 1 20 ml plas t i c  cups o f  

the same pa t t e rn  as t ho se used f o r  hol ding mo ths individual l y .  

Batche s of  5 females  per con taine r we re used and each treatmen t wa s 

replicated in 5 separa te un i ts . 

Trea tmen ts were as follows : 

( i )  Singl e  ma ted 

Seven ma les  we re placed into each con tainer to ge ther wi th 5 

females . Aft e r  4 8  h the mo ths we re l ightly anae sthe t i zed 



w i t h  C02 an ct the mal es were removed .  Pre l iminary 

e xp erimen t s  showed that  females were almo s t  invariably 

mated a f t e r  this period . 

( ii )  Mul t ip le ma ted  
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The t erm mul t ipl e-ma ted i s  used in reference t o  f emales 

conf ined wi t h  ma les t h roughout l i fe , and probab ly corre c t l y  

describes t heir condi t ion in mo s t  instances , s ince copulat ions 

add i t ional to  the f i r s t  we re observed on nume rous occasions . 

Dissect ions to dete rmine the p resence  o f  mo re t han one 

sperma topho re we re no t un de rtaken . Con tainers we re s e t  

u p  w i t h  7 males p l us 5 females a s  fo r t h e  s ingl e ma t ing 

t rea tmen t .  In this  e xpe r iment however the mal es were no t 

removed but were rep len ished wi th f resh ma les as require d , 

so t ha t  a minimum sex  ra tio o f  1 : 1  was maintained throughout 

the l ife span of the f emal es . 

( i i i )  Unma ted femal e s  

Five females  tha t h a d  emerged individually i n  s eparat e  tubes 

were p l aced in each con taine r . 

Fo r all  t reatments , eggs were co l l e c te d  daily as desc ribed 

above . Dead mo ths we re removed f rom the con t a iners daily , 

and all  fema les o f  sui table condi tion we re dissec ted . 

The number o f  fully  deve loped eggs that each con ta ine d was 

recorde d .  

RESULTS AND DISCUS SION 

( a )  Indivi dual variation in fecundity and re la tionship 

to pupal we ight 

The va ria t ion in to tal s o f  eggs laid by individual moths wa s 

ext remely h igh , with a coe f f ic i en t  o f  va ria t ion in excess o f  5 0 % .  

O f  t he 4 5  examine d 4 d id no t ovipo s i t and 1 l a i d  only 1 egg . These  

individuals  may have fa i l ed to ma te , but this  was no t inve s t iga ted . 

The rema ining 40 mo ths l a i d  f rom 4 6  to 2 36 eggs ea ch . Broodryk ( 1 9 7 1 )  

repo rted almos t i dent ical figures ( 0 - 2 32 per mo th ) . There was no 

s ign i f i can t corre l a t ion be tween total  eggs laid an d p upa l weigh t , o r  

be tween pupa l we igh t and li fespan . 



( b )  Rel a t ionship o f  egg number  i n  ovaries a t  

emergence to pupa l  weight 

2 7 .  

Dis sect ion o f  3 9  females 4 - 1 6  h a f ter  emergence showed that 

they con tained a mean of  68 . 7  ± S . E .  4 . 1  f u l l y  developed eggs . Mean 

pupa l we i gh t  was 1 1 . 6  ± 0 . 2 5 mg and wa s pos i t ively corre l a ted 

(r = 0 . 7 8 , p < 0 . 0 1 )  wi th the numbe r  of  eggs in the ova r i e s . The 

comp l emen t o f  fully deve loped eggs at emergence was thus less  than 

the mean �otal numbe r  of eggs la i d  by ma ted f emales . Fur the r 

ma tura t ion o f  eggs mus t  therefore ta ke place during adul t l i f e  and 

may in par t exp lain the lack of c o r rela t ion found be tween fecund i ty 

( in t erms o f  to ta l eggs laid)  and pupa l we i ght . 

( c )  Re l a t ionship between eggs l a i d  and ma ted s tate ; 

the pa t te r n  of  egg laying in t ime 

Da ta on t o ta l eggs l a i d ,  mat ure eggs rema ining wi thin the ova ries 

at death , and min imum o f  days to commencemen t  of ovi po s i t ion fo r groups 

of ( i )  s ingle ma ted ; ( i i )  mul t i p l e  ma ted ; and ( i i i )  unma ted  females  

are  given i n  Tab le 2 .  Mean l i fe span is a l so included toge ther with 

the l ife span of  ma les  he ld wi th th em during the experimen t .  

With mo ths held in g ro ups , no s i gn i fican t d i f ference occurred 

be tween the total numbe r of eggs l a i d  by s i ngl e-mated females (wi th 

males for f i r s t  48 h) and mul t i p l e-mated females  (wi th ma les  throughou t  

l ife ) . A s ingle ma t ing th erefo re seems to serve the f ema l e ' s  ful l 

ovipos i t iona l po ten t ia l , but fert i l i t y o f  eggs was no t examined . 

Unma ted females  l a i d  a small numb e r  o f  eggs ( mean 7 . 7 ) a s  repo rted by 

P icard ( 1 9 1 3a )  and At t ia and Ma t tar ( 1 9 3 9 ) . Al l such e ggs laid  by 

v i rgin fema les colla psed wi thin a day or two and fa i l e d  to deve lop . 

Dissect ion at dea th o f  as many fema les as pos s i b l e  showed that 

some appa ren t l y ma t u re eggs rema ined wi thin the ovaries of mo s t ; up to 

4 per ovariole  (mean 5 . 6  per mo t h )  for s ingle-ma ted fema l e s , up to 12 

(mean 1 6 . 5 ) fo r mul t i p l e -ma ted femal es , and up to 1 1  ( mean 2 7 . 5 ) for 

vi rgin fema l e s . Expe r imen tal cond i t ions f o r  oviposi t ion may the refore 

have been l e s s  than o p t i mum , and this  may have additiona l ly con t ributed 

to lack of co r relat ion be tween fecun d i ty and pupal we i gh t . Thi s  was 

la ter con f i rmed in expe r imen t s  on the i n f luence of ho s t  p lant t i ssue 

on fecun d i ty ( see Chapte r V) . 
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Fo r virgin females , the mean n umber  o f  ma ture e ggs w i thin the 

ovar ies at death plus the mean n umber laid ( 2 7 . 5  + 7 . 7  = 3 5 . 2 ) was 

less  than the n umber o f  e ggs in females sho r t l y  a f ter emergence f rom 

the pupa ( 6 8 .  7 ) . Some resorbence o f  eggs mus t  the re fore t ake place i n  

v i rg in mo ths dur in g  the i r  l i fe t ime . 

The l i fespan of  mul tiple-mated femal e s  was sign i f ican tly sho r t e r  

than t h a t  o f  females ma ted  only o n c e  (mean 8 . 5  days c f .  14 . 4  days ) . 

Virgin f emal e s  did no t l ive s igni f ican t l y  l onge r than f emal e s  ma ted  

o n ce . Th i s  d i f ference i n  l i fespan be tween s ingle- and mul tiple-ma t e d  

f emale s  may expl ain some o f  the variab i l i ty p revious ly repo r te d  for  

thi s  insec t .  Salama e t  al . ( 1 9 7 2 )  repo rted a mean l i fe span o f  1 6 . 2 

days ( a t  2 5° C) , clo se to the 14 . 4  days in the p resent s t udy ; At t ia 

and Ma t tar ( 1 9 3 9 )  obtained a mean o f  8 .  7 days , which agrees closely 

wi th the p resent  figure of 8 . 5  days for mul t iple-ma ted mo ths . 

The ext reme longevi ty o f  ma l e s  in the p re sen t s t udy ( 2 3 . 6  days 

and s ign i f i cantly grea t e r  than for a l l  groups of fema l e s )  is at variance 

with mos t  previous findings s ince Salama � al . ( 1 9 72 )  and At t ia and 

Ma t t a r  ( 1 9 3 9 )  repo rted ma les  to be  sho r t e r-l ived than femal e s .  

Nabi ( 1 9 78 )  has howeve r  conf irme d the grea ter longevi ty o f  males o f  

P o t a to Tuber  Mo ths from the same source a s  the autho r ' s  c u l t ure . 

The pa t terns o f  egg laying in t ime for the group s o f  s ingle-ma te d , 

mul t iple-ma te d  and unma t e d  females  are pre sen t e d  in Fig .  2 ( a ) , ( b )  and 

( c )  respe c t ive l y .  The p a t t e rn s  fo r single-ma ted an d mul t ipl e-ma ted 

f emal e s  we re closely s im i lar wi th a sl ight sugge s t ion that ovipo s i t ion 

may b e  more con cen t rated  in to the earl ier part of l i fe with mul tiple 

ma t in g .  In  bo th groups peak ovipo s i t ion oc curred a t  age 2 - 5  days and 

declined  to low levels a f ter 7 days . Ovipo s i t ion by vi rgin females 

( Fig . 2 (c ) ) did . no t commence un t i l a t  least 5 days later than ma ted  

females . Numbers o f  eggs laid  r.�ere small , and showed no we l l  de f ined  

peak . 

On the basis o f  the patte rns o f  egg laying ob tained in these 

e xpe r iments , the procedure was adopted fo r further experimen t a t ion on 

ovipo s i t ion behaviour of ho lding mo ths fo r 24  h af t e r  eme rgence then 

running the expe rimen t for 48  h to cove r the peak ovipo s i t io n  perio d . 



Tabl e  2 .  Re lat ionshiE between mated s tate , number o f  eggs laid and l i fe sEan for grouES o f  

potato tuber  moths 

Days to  commen cemen t To tal eggs laid 
Mat ure eggs in ovaries Life span 

Group n o f  ovipo s i t ion per cont a iner 
(per  containe r )  ± S . E .  

a t  dea th ( days) ± S . E .  

9 9 :  

( i )  s ingle-ma t ed 2 5  < 1 4 5 5  ± 4 6 . 8  5 . 6  1 4 . 4  ± 1 .  1 
(9 1 .  0 per 9 ) (0-4 per ovar iol e )  

(n = 2 0 )  

( i i )  mul t iple-mated  2 5  < 1 492 ± 95 . 3  t 1 6 . 5  t8. 5 ± 0.6 
(98.4 per 9 )  (0- 1 2  per ovariol e )  

( n  = 1 5 )  

(ii i )  unma ted 25 5 * 38. 4 ± 1 2 . 1 2 7 . 5  1 6 .9 ± 1 . 5  
( 7 . 7 per 9 ) ( 0- 1 1  per  ovariole)  

(n = 2 3 )  

o o : 32 - - - <j>2 3 . 6  ± 1 .9 

* S igni fican t ly d i f f e rent f rom s ingle- o r  mul t iple ma ted  ( p  < 0.0 1 )  N 
1.0 

t One indiv idual wi th 96 ma ture eggs 

t S ign i f ican t ly less than s ingle-mated 9 9 ( p  < 0.0 1 )  

<I> S ign i fi c an t ly more than virgin 9 9 ( p  < 0 . 05 )  
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Fig . . 2 .  P a t t erns o f  egg l ay ing for group s o f  5 f emal e  moths : 
(a ) s in gle-ma t e d ; (b ) mult ip le-ma t ed ; ( c )  unma t ed . 



2 .  THE PHY S I CAL NATURE OF THE OVIPOSI TION SUBSTRATE 
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Al though po tato t uber  mo th depo s i t s  i ts e ggs freely in the 

absence of ho s t  p lant ma t e rial , it i s  apparen t tha t egg l aying i s  no t 

ind iscrim in a te an d tha t some s e l e c t ion o f  ovipo s i t ion s i te takes p lace . 

One factor tha t seems to b e  impor tan t in this respect  i s  the physical 

n a tu re of surfaces ava i lable to the mo ths . P i card ( 1 9 1 3a )  s tated that 

tuber mo th oviposi ted on rugo se surfaces rather than on smoo th , and in 

c ra cks and depre s s ions , and tha t  ovipos i t ion was s t imul a t e d  by con tact  

o f  the  t i p  o f  the abdomen wi th rough sur faces such a s  mus l in c lo t h .  

At tia and Ma t tar ( 1 9 3 9 )  commen ted  that the female  i s  "no t  a t  al l par t i ­

cular" about e g g  laying , and tha t " eggs may be depo s i te d  o n  any p a r t  o f  

t h e  green p l an t  an d pe rhaps i n  the so il " .  However they also s tated 

tha t e ggs are laid on the tubers , especially  in and around the eye s .  

Va rious materia l s  have b e en used e f fectively a s  ovipo s i tion 

subs trates in arti ficial rearing . Ma rvin ( 1 944 ) used pape r with a 

rough surface held closely agains t 2 0-mesh wire sc reen ( coated with 

pa ra f f in wax to prevent eggs from a dhering ) ; mo ths laid  through the 

mesh open ings on to the pape r .  Pla tner and Oa tman ( 1 9 6 8 )  used 

unb leached mu s l in clo th s t re t ched ove r  the mou ths of j a rs con taining 

mo ths . 

Mei sne r � �· ( 1 9 74 b )  compared chee seclo th , foamed polys tyrene , 

s i l k ,  nylon sponge , fil ter pape r ,  an d glass in mul t i- cho ice t e s t s  and 

found tha t cheeseclo th was ve ry s t rongly favo ured . Trayn ier ( 1 9 7 5 )  

foun d  that o rgandie o f  mesh s i ze 0 . 2 5 mm2 was suitable f o r  ovipo s i t ion , 

especially when backe d  wi th plast ic , but that abra s ive paper o f  various 

gri t s i zes was not acce p t ab le . He also showe d tha t under field  

condi t ion s ,  a considerable p ropo r t ion o f  eggs  was laid in  so il adj a cent 

to hos t p l an ts �a ther than on the plants thems elve s . Trayn ier 

concluded that "pre ferred oviposi t ion subs trates p rovi ded i rregularities  

tha t we re l arge enough to ac commo date egg s "  an d con s i dered surface 

texture t o  predomin ate ove r l igh t / shade , mo i s ture , an d p re sence of 

hos t-plan t j u i ces . The obj e c t  in the p resen t in s tance was to t ry and 

def ine opt ima l sur face s mo re p re ci sely by examining a numb er of phys ical 

fea tures o f  possible ovipo s i t ion substra tes . S ince it appears tha t  

the s t imulus for ovipo s i t ion i n  th i s  insect  i s  primar ily t ac t il e , the 

external s tructure of the ovipos i to r  was examined by s cann ing e le c t ron 

microsco py . 
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MATERIALS AND METHODS 

A series  of expe rimen t s  was conduc ted as described b e low . 

Five , 1 0  o r  2 0  pairs o f  mo ths were used per con t ainer , depending on i ts 

s i ze and the numbe r o f  ovipo s i t ion si tes p rovide d .  Each t reatmen t was 

rep l icated f ive t imes in separate  con taine rs . Al l e xp e r imen t s  we re 

conduc ted  in temperature cont rol l e d  c ab inets at 2 5°C and in con t inual 

darkness  o ve r a 4 8  h p eriod using mo ths 24-48 h old at the commencemen t 

o f  each expe r imen t .  Five per cen t sucrose solut ion on co t ton den tal 

rol l s  was p rov ided for  the mo ths in all  cases . Eggs we re coun te d  

using a z o o m  s tereomi c ro scope wi th a magn i f i c a t ion range o f  x 10-2 0 .  

( a )  Na ture of  ma terial  backing a s tandard mesh s i ze 

G lo s s  paper , waxed paper , pape r towe l l in g , poly thene sheet , and 

aluminium f o i l  we re compa red wi th f i l ter pape r as backing to a 0 . 5  mm2 

tery lene me sh , in a non-cho ice s i tuat ion ( s in g l e  ovipo s i t ion s i te per  

containe r ) . Expe rimental  con ta iners cons i s t e d  o f  1 20 m l  plastic  cups 

wi th the t e ryl ene mesh s t re t ched ove r  the mouth by means of the cut-

out  l i d .  F ive pa irs o f  mo ths we re placed i n  each uni t .  Samp l e  

ma teria l s  were c u t  in to 4 . 2 5 cm d iame ter d i s c s  to  ma t ch the f i l ter paper 

standard , and we re he l d  t i gh tly  aga in s t  the upper  surface o f  the t erylene 

mesh w i th thin poly thene f i l m  he l d  down by the l id .  I n  a s econd s e r ie s  

the samp l e  discs were o f f e red be low the te rylene mesh , and were he l d  i n  

p lace by double-sided s t i cky tape . 

disc ; 

Eggs we re counted  in  the fol l owing c a tego ries : ( a )  on the samp l e  

( b )  o n  the gauze ; ( c )  e l sewhe re in the con tain e r . In add i t ion , 

for the series with t e s t  d iscs below the mesh , a fourth ca tegory , 

( d )  e ggs "behind" s amp l e  disc , wa s reco g n i ze d ,  because many eggs were 

foun d  ins e r te d  oe tween the d i s c  an d the te ryl ene mesh l aye r , around 

the edges of the sampl e s .  

( b )  Smoo th compared to hairy surface 

The compara t i ve suitab il i ty of  smoo th and ha iry s ub s t rates was 

evaluated in two e xpe rimen t s . In the f i rs t ,  a mesh compo sed o f  smo o th 

f ib re s  ( te rylene ) was compa red wi th a mesh composed o f  hairy f i b re s  

(musl in ) ,  each wi th an open ing o f  approx ima tely 0 . 5 mm2 , both wi th and 
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wi thout  f i l t e r  pape r backing . I n  the second experiment ,  ha i ry 

f ib re d  mesh (mus l in )  was compa red wi th a ha i ry surface wi thout mesh 

openings ( fe l t  carpe t ing - " Fe l tex" ) .  A furthe r trea tmen t wa s 

inc luded in whi ch no ovipos i ti o n  s i te was p rovided wi thin the 

con tainers . The expe rimental con taine rs we re 500 g glass p re se rv ing 

j ars c losed w i th a glass pe t r i  dish half . Ten pa i r s  of mo ths we re 

placed in each j a r .  

Terylene n e t  an d mus l i n  samp les we re p repared by s t retch ing the 

ma terial acro ss a 5 . 0  cm d i am e t e r  pla s t i c  r i ng . Fil te r  paper ( 4 . 25 cm) 

backing wa s held closely aga i n s t  the mesh by means o f  a cardboard disc . 

Fo r samples o f  mesh wi thout backing , the ma terial was hel d s t retched 

in  place by a second r ing whi c h f i t t e d  within the rim of the f i rs t .  

Discs o f  f e l t  carpet we re cut to 5 . 0  cm d i ame ter and f i t ted in rings 

as for the mesh sampl es . Samples we r e  p r e sent e d  in p airs ( cho i ce 

s i t ua t ion ) o r  s i n g ly (non -cho i ce s i tua t ion ) , and we re fas ten ed on 

oppos i te wal l s  o f  the containers  wi th adhes ive tape . 

( c )  Dimens i ons o f  mesh ope n i n gs a n d  su rf ace groove s 

Two e xpe rime n ts were conduc t e d , one us i n g  a graded series o f  

eigh t d i f ferent me sh open ings p rovided b y  samples o f  nyl on bol t ing 

clo t h ; the second employi n g  fo ur widths o f  grooves p repared on the 

surface o f  th in ca r d .  Expe r i men ta l con tainers cons i s te d  of 500 g 

gl ass preserv i n g  j a rs each w i th 10 pa i r s  o f  moths . 

The ny lon bo l t ing clot h (Mony l  b rand , D .  Hourigan Lt d . , Auckland)  

mesh ape rtures we re 120 , 1 70 ,  2 2 0 .  2 70 ,  32 0 ,  450,  525 an d 650  microns 

( manufac t u re r ' s  speci fi ca t ions ) .  Mus l i n  mesh was also included for 

comparison . Samp les we re p repa red on 5 . 0  cm diame t e r  rings as 

desc r ibed in the p revious s e c t ion . Each mesh size  was o f fe re d  bo th 

with and wi thout  fil ter pap e r  ba ck ing , using a single samp l e  per 

con t a iner (non- cho i ce s i tua t i on ) . 

Smoo th wh i te ca rd 1 mm in thic kness  wa s used to  p repare grooves 

o f  va rious widths . Stri p s  o f  c a rd o f  app ropriate width we re glued to 

5 x 5 cm s quare portions to g ive f i ve g rooves pe r square of width 0 . 5 ,  

1 . 0 ,  2 . 0 ,  o r  5 . 0  mm x 1 mm deep . Sample squa res we re fas tened t o  the 

unde rsides o f  pet r i  di sh li ds ,  one samp le pe r j a r  (non-cho ice s i tua t ion ) . 
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Eggs were c o l le c ted on 4 . 2 5 cm diame ter f i l ter papers by expos ing 

them behind mus l in me sh in j ars of ovipo s i t ing mo ths for 24  h .  

Ovipo s i t io n  was prevented  on hal f  the area o f  some d i scs by covering 

with po lythene f i l m .  The number o f  eggs o n  each paper w a s  then 

coun ted and the mo s t  suitable selected  for set t ing up the experimen t .  

Four trea tmen t s  we re incl uded : f i l ter pape r discs with eggs over 

entire surface , d i scs with eggs on one ha l f  o f  a rea only , d i s c s  wi th 

no e ggs , and discs  wi th no eggs but covered with musl i n  mesh . The 

samples we re fas tened to the pe t r i  dish l ids o f  glass p re s e rving j ars 

with doub l e  s i ded s t i cky tape . Ten pairs o f  mo ths were p l aced in 

each con taine r .  On assessmen t ,  the number o f  eggs o n  each sample was 

coun ted and addi t i onal eggs laid on those samples set  up wi th eggs 

cal cul ated by difference . The two halves o f  the samples  o f fere d  wi th 

eggs on one ha l f  only,  were coun t e d  separa t e l y .  

( e )  Orienta t ion o f  the ovipos i t i on surface 

To compare the pre ference for ovipo s i t ion on ve r t i ca l  (wal l s ) , 

ho rizontal  ( f loor)  and ho rizon t a l  inverted ( c e i l ing)  surfaces , samp l e  

disc s 5 . 0  c m  in diame t e r  were p repa red from f i l t er paper covered wi th 

mus l in mesh . Three samp l e  d i s c s  we re placed in each experimen tal  

con tainer fas tened to  the floo r ,  wa l l  and  ceil ing respec t ively . 

Two t yp e s  o f  conta ine rs were used , 5 00 g glass preserving j ars wi th 

glass p e t r i  dish l i ds each wi th 1 0  pa irs o f  mo ths and t e rylene n e t  

cages o f  3 0  cm 3 s ize each with 2 0  pa irs o f  mo ths . 

( f )  Effect  o f  mo ist ure on ovipos i t ion 

P l a s t e r  a f  Paris discs 5 . 0  cm in diameter an d approximately 1 . 0 cm 

thick were prepared and were a l lowed to dry out comp l e t e ly ove r several 

days . Ha l f  of the samp l e s  we re re-mois tened by soaking i n  wa ter 

ove rni gh t  and then drying off  the surface wa ter on absorbent  pape r .  

Ea ch d i s c  was then faced wi th f i l t er paper o n  one surfa ce with musl in 

mesh s t re t ched t i ghtly over it . Di scs we re o ffered i n  pairs to groups 

of ten pa i rs of mo ths in 500 g glass preserving j ars to give the 

fol lowing compar isons : mo i s t  ve rsus mo is t ,  mo ist  ve rsus dry , and dry 

ve rsus dry.  
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The ovipo s i t o r  o f  f reshly kil led mo ths wa s extruded by gen t l y  

sque e z ing t h e  abdomen wi th forcep s . The t ip o f  the abdomen was then 

removed and prepared for examina t ion by s canning electron micro s copy . 

RES ULTS 

(a)  Nature o f  the ma t erial  backing a s tandard 

mesh s iz e  

No d i f ferenc e s  occurred be tween t rea tmen t s  i n  t h e  total  numbe r  

o f  eggs l ai d  p e r  con tainer regardless o f  whe ther th e backing mat e r ial 

was above the mesh (hehind i t ,  w i th respec t to the mo ths ) o r  be low i t  

( in front o f  i t , wi th respect  to the mo ths ) . There were , howeve r ,  

large d i f ferences in the d i s t ribut ion o f  e ggs be tween d i f fe rent 

t rea tment s  as dep i c ted  in Fi g .  3 .  

W i th the samp l e  discs behind the mesh (with respe c t  to the mo ths ) , 

almo s t  al l eggs were laid  on the disc in the case o f  f il t er paper and 

th i s  e f f e c t  was even mo re marked wi th pape r towelling which had a ro ugh 

surface . Glo s s  paper  behind the mesh was a l so we l l  accep t ed ,  but  

waxed pap e r ,  polythene and  aluminium foil  showed a ma rked d e t errent 

e f f e c t  for  egg l ayin g .  The resul ts wi th samp l e  discs in f ront o f  the 

mesh (wi th respe c t  to mo ths) we re quite d i f fe rent . In a l l  cases very 

few eggs were l a i d  on the exposed surface o f  the samples  themselves 

even with tho se ma terials that we re very rea d i ly accep ted  when cove red 

with mesh ( f i l t e r  paper and paper towe l l ing ) . There wa s a t endency 

ins tead for mo ths to insert the ir eggs around the ma rgins of the 

samp l e s , be tween them and the gauze l aye r .  Mos t  eggs were l a i d  on the 

gauz e  i tse l f  in these ins tance s . 

( b )  Smooth compared to ha i ry surfaces 

When smooth  fibre d  terylene me sh wa s compa re d wi th ha i ry f ib red 

mus l in , each backed w i t h f i l ter  pape r ,  no marked preference wa s shown 

for one or the o ther and almo s t  a l l  e ggs wi thin the containers were 

laid  on sample d i s c s . When compa red wi thout ba cking howeve r ,  mus l in 

wa s s t rongly favoured over t e r y l ene both in cho ice and non-cho ice 
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si tua t ions . The to tal numb e r  o f  eggs wa s also sign i f ican t l y  reduced 

in t r e a tmen t s  whi ch inc luded te rylene me sh w i thout backin g ,  and an 

app rec iable pe rcen t age o f  eggs wa s laid away f rom the sampl e  discs  

elsewhe re on the wa lls  of  the  glass  con taine rs . 

are given in Tabl e  3 .  

De t a i l s  o f  resul ts 

The resul t s  o f  comparisons be tween d i s cs o f  felt  and o f  mus l in 

with f i l te r  pap e r  backing gave a sl ight p reference i n  favou r  o f  mus l in 

when a cho i ce was o f fe re d  ( s ign i f i cantly d i f fe rent a t  5 %  leve l , t - t e s t  

on coun ts lx+ l )  but n o  sign i f i can t d i f f e ren ce in a non-cho ice s i t ua t ion . 

There were no s i gn i f i ca n t  d i f fe rences between any trea tments  in the 

total  number o f  e ggs l a i d  incl uding tha t i n  wh ich no  ovipo s i t ion s i te 

was p rovided . I n  the l a t t e r  case eggs we re d i s t ributed ove r the 

wal l s , floor and c e i l in g  of the con tainers . 

( c )  Dimensions o f  mesh openings and surface groove s 

Ove r the range o f  mesh open ings ( 1 20 to 650  micron s )  p rovided 

by nylon bo l t in g  clo th , no s ignif icant d i f f erences o c curred in the 

total  numbers of  eggs laid i n  the con tainers whether the me sh was 

backe d  by f i l t e r  paper o r  unbacked . In the case of samples o f fe red 

wi th f i l t e r  pape r backing , the sma l l e s t  ( 1 2 0 mi cron s )  and the large s t  

( 6 5 0  micron s )  mesh s i zes re ce i ved s i gn i f ican tly  fewe r eggs depo s i te d  

on t h e  samp le surface than mo st o ther me sh s i ze s .  The re was no 

c l ea r  separa t io n  o f  preferen ce ove r the range o f  mesh s i z e  1 70 to 

5 2 5  mic rons but  f rom the p ro port ions  o f  eggs laid e lsewhere in the 

con t a iners , the opt imum appea red to  be  f rom 1 70 to 2 70 microns 

( Table 4 and Fi g .  4 (a ) ) .  

When samples we re o f fe red wi tho ut f i l te r  pape r backing , the 

mo s t  no tab le fea ture was the high propor tion of eggs that we re laid  

e l sewhe re in the  con tainers in  eve ry case  except with the  musl in mesh 

s tan dard . No preference for any par t i cular me sh s i z e  was apparent  

amongs t the range o f  nylon  bo l t ing c l o ths . 

Tab le 4 and Fi g .  4 (b ) . 

De t a i l s  are g iven in 

The resul t s  o f  o f fe ring mo ths g rooves 1 mm deep and 0 . 5  to 

5 . 0  mm wide are shown i n  Tab le 5 and Fi g .  5 .  The sma l l e s t  groove 

width ( 0 . 5  mm ) was readily accep ted and gave resul t s  similar to the 
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s tandard (musl in ba cked with f i l t e r  pape r ) . About hal f as many eggs 

were l a id in the grooves when the width was 1 mm , and about one 

e ighth the numbe r  for groove widths of 2 . 0  and 5 . 0  mm . The total  

numbe r s  o f  eggs laid in  the  containers we re not  sign i f ican t l y  

d i f fe ren t . 

( d )  E f f e c t  o f  eggs present on furthe r ovipo s i t ion 

S l ightly  mo re eggs we re laid  on f il t er papers w i th eggs a t  the 

commencement of the expe riment than tho se wi thout but  the d i f f e rence 

was not sign i f i cant (Tabl e 6 ) . I n  the case of f i l t e r  papers bearing 

eggs on one hal f of the i r  a rea on l y ,  nea rly a l l  add i t ional eggs were 

la i d  on t ha t  s i de rather than on the blank s i de . D i f ferences be tween 

treatmen t s  in the t o tal  number of  eggs laid in the cont a ine rs , were 

no t s i gn i f ican t . 

( e )  Orien ta t ion of  the ovipos i t i on sur face 

In b o th large ( 30 cm 3 net cage s )  and small  ( 50 0  g glass j ar s )  

cont ainers mo s t  eggs we re l a i d  o n  samp les  a t tached t o  the roo f .  

Fewe r were laid  on samp les a t tached to t he wal ls and l eas t on those 

placed on the f loor . Al l d i f ferences were highly s ign i f i c an t  (Table 7 ) . 

( f )  Effect  o f  a mo i s t  sub s t rate  on ovipo s i t ion 

The re s u l t s  of compar ing mus l in backed with f i l t e r  paper in dry 

and moi s t  con d i t ions are g iven in Tab l e  8 .  There was a s t rong 

preference for the dry sub s trate both in cho i ce an d non-cho ice 

s i tua t ion s .  Fur the rmore , in con t ra s t  t o  almo s t  a l l  o ther e xperiment s ,  

the t o t al numbe r  o f  eggs laid  in t h e  con tainers wa s s igni f ican t ly 

reduced when mo i s t  sub s t rates we re presen t . 

( g )  The ovi po s i tor 

The ovipos i tor of potato tuber mo th is app roxima tely 1 . 5  x 0 . 3 mm 

when fully extended . There are 30-40 p rominent , gen t ly tapering hairs 

on e i ther s ide rang ing in  l ength from about 0 . 03 to  0 . 30 mm (Plate l (a )  

and ( b ) ) .  They have a raised ring-l ike base o f  a t ta chment (Plate l ( c ) ) 

o f  a flexible so cke t pa t t e rn .  No pore s o r  openings are v i s ib l e  a long 
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the ir l eng th.  The se hairs  are thus typical t richoid s en s i l la in 

s tructure ( De thier 1 96 3 ,  Mc iver 1 9 7 5 )  and are c learly p rimari ly 

tac t i le in n a ture . At the t ip o f  the ovipo s i to r , ve ry numerous 

much small e r  hairs are regularly spaced over much of the area be tween 

the l arge hai r s  (Plate l ( c )  and ( d ) ) .  These app ear to b e  mo re 

r igidly a t t a ched at the base . No s en s il l a  are p resent which coul d 

b e  en t i re ly chemo sensory in na ture though i t  i s  pos sible that  the 

t ri cho i d  s en s i lla could se rve a dual f unct ion . The s tructure o f  the 

ovipo s i to r  is thus consis t en t  with the requirement of a mechanical  

s t imulus fo r egg laying , but chemi cal sen s i t iv i ty is no t necessarily 

precluded ( see par t 3 o f  this chap te r ) . 

DISCUSS ION 

In mo s t  expe riments s imilar numbers o f  eggs were l a i d  per 

female durin g  the 4 8  h experimen tal  period regardless of the sub s t ra te s  

o f fere d  sugges t in g  tha t e gg depo s i t ion i s  primarily a f un c t ion o f  

physiological age . When highly det errent sur faces f o r  ovipos i t ion 

we re presen ted howeve r ,  the number of eggs l a i d  was in some ins tance s 

reduced . Thi s  was part icularly the case wi th a mo i s t  sub s t ra te , 

and may a c count in part for the reported depres san t  e f fe c t  o f  irri ga t ion 

on field  in f e s ta t ions of this ins e c t  ( Foo t , 1 9 74 )  though newly hatched 

larvae may also be adversely a f f e c ted  by mo i s ture (Mahaj an and Mo gal 

1 9 7 8 ) . W i th the se excep t ion s ,  all  experimen tal e f f e c ts we re on 

dis t r ibut ion of eggs wi thin the con tainers ra ther than on to tal numbers 

of eggs l a i d .  

From exper imen t s  wi th various si zes o f  mesh open ing and o f  

surface grooves
. the p re f e rre d d imen si ons o f  surface depre s s ions appear 

to b e  f rom about 0 . 2  to 0 . 5 mm2 . S i ze s  much smaller  o r  l arger than 

this were no t readily  accepte d .  Trayn ier ( 1 9 75 )  d e s c r ib e d  pre f e rred 

sub s t ra t e s  as having irregular i t ies large enough to a c commo date e ggs 

and gave d imensions of the egg as approxima tely 0 . 3 t o  0 . 4  mm . 

The p re sent  f indings sugges t tha t i t  would be mo re ac cura t e  to describe 

p re ferred depress ions a s  being j us t  la rge enough to a ccommo da t e  eggs . 

When they are much larger they are no t we l l  ac cep ted even i n  the 

absence o f  alternative sites . 
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( a )  

(b ) 

Plate 1 .  Ext e rnal  s tr uc ture o f  the ovipo s i to r  o f  po tato 
t uber  mo th : ( a )  ent ir e  ovipo s i tor , vent ra l  view 
( x80 ) ; ( b )  ent i r e  ovipo s i to r ,  lateral v i ew (x95 ) . 
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( c )  

( d )  

P la t e  1 .  ( c , d ) part  o f  the tip  o f  the ovipo s i tor in c lo se up , showing 
two t ypes o f  hairs (x5 7 0  and x950  r e spec t ively ) .  
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Tabl e  3 .  Comparison o f  smoo th f i b red mesh ( te rylene ) wi th hai ry 

f ib red me sh (muslin)  for  ovipos i t ion accept ance by 

p o t a to tube r mo th 

Mean number Mean to tal numbe r 
% o f  eggs l a i d  

o f  eggs per of  eggs per 
samp le disc container 

on sampl e  d i s c s  

mus l in 364 . 2 } tNS 644 . 2 � a A 95 . 1  
terylene 24 8 . 2  

With f i l te r  musl in 3 1 3 . 9 } pape r  
mus l in 2 92 . 2  

NS 6 3 8 . 8 a A 94 . 7  
backing 

te rylene 30 1 . 4 } NS 6 06 . 0  a A 90 . 5  te ryl ene 2 46 . 2  

muslin 2 72 . 2 } ** 396 . 8  b BC 8 3 . 6  
terylene 59 . 4  

W i thout  
muslin 2 1 8 . 8 } f i l te r  paper 
musl in 1 7 3 . 2 

NS 449 . 4  b AB 8 7 . 2  
b acking 

terylene 1 2 1 . 0 } NS 2 8 1 . 8  c c 66 . 0  
terylene 65 . 0  

t S i gn i f i cance o f  d i f fe rence be tween me an s calculated by t - t e s t  on 
coun t s  t ransformed � -
NS - no t signif ican t ;  
* - s ign i f icant a t  5 %  leve l ;  
* *  - s ign i f ican t a t  1 %  l eve l . 

� S i gn i f i can t  d i f ferences and l e t t e r ing according to Duncan ' s  
Mul tiple  Range t e s t  applied to counts t ran s formed �-

Cap i t a l  l e t t e rs i n d i c ate 1 %  leve l of s i gni fi cance 
and small  le t t e rs indicate 5%  leve l of s i gn i fi cance 
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Tab l e  4 .  Compa r ison o f  a gra ded ser i e s of nyl on bol t i ng c l o ths 

and mus l in for  ovipos i t i on accep tance by po t ato tuber mo t h  

Mesh 
open ing 
in 
micron s  

1 2 0  

1 70 

2 2 0  

2 70 

320  

4 5 0  

5 2 5  

6 5 0  

mus l in 

Wi th backing 
( f i l te r  pape r )  

Mean numbe r  
o f  eggs pe r 
sample d i s c 

9 8 . 4  c 

354 . 8  a 

C<f> 

A 

3 8 6 . 0  a A 

329 . 4  a AB 

1 5 6 . 2  be ABC 

2 06 . 8  ab c ABC 

2 7 9 . 2  ab AB 

1 5 5 . 0  c B C  

3 3 1 . 6  a AB 

Percen tage o f  
eggs l a i d  on 

samp l e  d i s c  

6 1 . 9  

96 . 4  

96 . 2  

95 . 5  

85 . 9  

78 . 9  

8 8 . 1 

5 7 . 4  

9 7 . 1 

Wi thout backing 

Me an number  
o f  eggs  per 
samp le  d i sc  

l l 2 . 0 b AB<f> 

98 . 6  b AB 

1 7 2 . 6  ab AB 

1 32 . 6  ab AB 

1 4 3 . 8  ab AB 

8 3 . 6  b B 

9 3 . 2  b AB 

9 7 . 4  b AB 

2 70 . 0  a A 

Percentage o f  
e ggs laid  on 

sample d i s c  

4 7 . 3 

5 8 . 3 

5 8 . 9  

5 9 . 0  

62 . 1  

4 6 . 9  

4 1 . 7  

4 4 . 9  

85 . 3  

4> S ign i f ic ant di fferences and le t t e ring according to Duncan ' s  
Mul t i p l e  Range Tes t  appl ied to coun t s  tran s formed ;x-. 

Tab le 5 .  Comparison of various w i dths of grooves on pape r  card 

surface for ovipo s i t ion acceptanc e  by po ta to tuber mo th 

Groove width in 
Mean number of Number of eggs mm 

laid within groove s as 
(dep th 1 mm) eggs 

wi thin grooves percent age of to tal 

0 . 5  396 . 8  a AB<f> 70 . 9  

1 . 0  1 94 . 4  b B 35 . 9  

2 . 0  45 . 8  c c 9 . 3  

5 . 0  4 8 . 6  c BC 1 1 . 1 

Mus l in wi th f i l t e r  
5 2 5 . 0  a A 9 3 . 9 

paper backing 

4> S ignifican t d i f ferences and l e t te r i ng ac cord ing to  Duncan ' s 
Mul t i ple Ran ge Te s t  applied to coun t s  transfo rmed ;;- . 



Tab l e  6 .  E f f e c t  o f  eggs present on further ovipos ition by 

po t a to t uber  mo t h  ( f i l t e r  p aper surface)  

4 6 .  

Con d i tion o f  f il ter 
paper disc  a t  
b e g inning o f  

exp e r iment 

Add i t ional eggs laid on samples . 
Mean per con t ainer 

Pe r centage o f  
eggs laid on 
sample discs 

Eggs over whole area 
(Mean o f  1 3 1 . 8 

p e r  pape r )  
75 . 6  b B<jl 18 . 2  

Eggs over ha l f  area 
(Mean of 1 39 . 8  
p e r  p ap e r )  

B lank hal f  * *  9 . 4 } 6 3 . 2  b B 
Hal f  w i th eggs 5 3 . 8 

2 1 . 3  

No eggs 

Mus l in w i th f i l t e r  
paper backing . 
No eggs 

4 1 . 8  b B 9 . 9  

4 1 5 . 0  a A 85 . 2  

S igni f i cant dif ferences and l e t t e ring accord ing to Duncan ' s 
Mul t i p le Range Te s t  app l ie d  to counts transformed /x+ 1 .  

* *  S i gn i f i can t ly d i f fe rent a t  the 1 %  leve l .  
t - t e s t  on transfo rmed coun t s .  

Tab le 7 .  E f fe c t  o f  po s i t ion of sample discs wi thin experimen tal 

containers on ovipo s i t ion by po t a to tube r mo th 

Po s i t ion of  
samp l e  disc 

Ce i l ing 

Wall 

Flo o r  

1 1 0  

2 2 0  

pairs 

pairs 

of 

o f  

<P S ign ificant  

500 g glass  j ars 1 

Mean numb er of  eggs 
per sample  d isc 

44 9 . 4  a A<P 

2 4 2 . 2  b B 

95 . 2  c c 

mo ths p e r  con taine r .  

mo ths per con t a i ne r .  

3 0  cm2 terylene net2 cages 

Mean number  o f  eggs 
per samp l e  d is c  

4 6 8 . 2 a A<P 

2 14 . 0  b B 

19 . 2  c c 

d i f fe rences and lette rin g acco r d ing to Duncan ' s 
Mul t iple Ran ge Tes t  app l i e d to coun t s  tran s fo rmed lx+l . 
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Tabl e  8 .  Effect  o f  a mo i s t  sub s t rate on ovipo s i t ion by 

po tato tuber mo th 

Cho ice  of  sub s t rates  Mean number o f  
o f fered eggs per samp le 

d i sc 

dry 32 9 . 2 } Ns 
d ry 3 7 8 . 2  

mo i s t  104 . 2 } NS 
mo i s t  122 . 6  

dry 5 05 . 8 } * *  
mo i s t  3 7 . 2  

* *  S igni f ican tly d i f feren t  a t  the 1 %  leve l . 
t-tes t on coun t s  t ransformed �. 

Mean total number o f  
eggs per container 

72 1 . 6  a Acjl 

24 2 . 8  b B 

5 5 2 . 6  c A 

cjl S ign i f ican t d i f f erenc es and l e t te ring accordin g  to Duncan ' s  
Mul t iple Range Te s t  app lied to  coun t s  t ransformed �-
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Al though depress ions o f  a sui table s iz e  o n  a n  o t he rwise smooth 

surface are accep table for ovipo s i tion , the f in e  s truc ture of the 

surface i s  also o f  impo r t ance . When very smooth materials  (polythen e  

f ilm , alumin ium fo i l )  were used to back a n  otherwise sui t ab l e  mesh 

s iz e , they we re no t ac cep ted , whereas ma terials with  a s l igh tly  rough 

surface ( f i l t e r  pape r ,  paper towe l l ing)  we re readily accep t e d . 

Fur thermore , compa risons o f  a ha i ry wi th a smo o t h  fibred me sh and 

with a den s e l y  hairy surface wi thout d istinct  depressions ( fel t ) , 

con f i rm the importance o f  surface text ure and the high l y  s t imula t ive 

e f f e c t  o f  a h a i ry subs t rate  (wi th o r  wi thout  dep ress ions)  compared to  

a smooth  one . An opt imum natura l  o vi posi tion s i te should  thus 
'
be  

one wh i c h  combines surface de press ion s of  suitable size  with a ha i ry 

t ex t ure o f  the surface i t sel f .  

The s t imul ative na ture o f  ha i ry subs trates and t he d imens ions 

o f  acceptable surface dep ressions may be ac coun ted for by the 

con s iderable number of long tact i l e  ha i r s  on the ovipo s i to r . 

The d imens ions o f  pre fe rred depre s s ions may in fact be associated 

mo re with the ove ra ll width of  the ovipos i to r  p l us ta c t il e  ha irs 

( 0 . 4  - 0 . 9 mm ) ra the r t han with the d imens ions of the egg . 

3 .  THE INFLUENCE OF P LANT T I SSUE ON OVI POS I T ION BEHAVIOUR 

The work des cri bed in  the previ ous s e c t ion con f i rms that the 

phys ical na t ure of  surfaces is  important in the cho ice  o f  ovipo s i t ion 

s i tes by Po tato Tuber Mot h .  Such factors are l ike ly to  in f luence 

ovipos i t ion behaviour with respect to plant surfaces as wel l  as 

inan ima t e  ones , but a re c l ea r l y  no t so l e l y  responsible for determining 

cho i c e  of ovipo s i t ion s i tes in the f i e l d . As poin ted  o u t  in the 

Literature Review ,  Me i sn e r  � �· ( 1 9 74 b )  have shown tha t ovipo s i t io n  

i s  s t imula t ed b y  e thano lic extrac ts o f  p o t a t o  peel o f  which L-glutamic 

a c i d  appears to be an important componen t .  Trayn i e r ' s  wo rk ( 1 9 75 )  

indica t e d  t ha t  t he j ui c es exp re s sed from the leave s o f  va r ious ho s t  

plant  spe c i es tended to s t imulate o v i p o s i t ion whi l s t  j uices f rom non­

host plan t s  tended t o  be dete r rent . Th e obj ect of this par t of t he 

p re sen t s t udy wa s to extend and amp l ify these findings as to the rol e  

o f  p lan t t i ssue i n  regu l a t ing ovi p o s i t ion behaviour an d t o  e xamine 

mo de s of percept ion o f  the fac t o rs invo l ve d . 
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MATERIALS AND METHODS 

Expe rimental con t a iners consis ted of 500 g wide mouthed glass 

j ar s  closed by ha l f  a glass petri dish . Ten pairs o f  mo ths we re used 

per con taine r with f ive rep l i ca tions o f  e ach t reatmen t .  Exper imen t s  

wer e  run for 4 8  h i n  darkness a t  2 5° C .  

On t h e  b a s i s  o f  t h e  wo rk repo rted i n  par t  2 o f  this chap t e r , 

a s tandard bl ank ovipo s i t ion sample wa s a dopted  con s i s t in g  o f  co t to n  

mus l in s t ret ched over a 4 . 2 5 cm f i l ter pape r enclosed i n  a 5 cm 

diameter  plas tic ring . Tes t  samples con s i s t e d  o f  s imilar s i zed 

po r t ions o f  lea f , o r  o ther mate rial , with o r  wi thout mus l in ove rlay , 

acco rd in g  to t rea tment ,  unless  o therwi se s ta ted . 

Samples we re presented in pa i rs to p rovide a cho ice to ovipo s i ting 

mo ths : one sample con s i s t ing o f  a s tandard b l ank and the o ther o f  

the t e s t  ma te rial . The samples we re fas tened by s t i cky tape in an 

up right pos i t ion to oppo s i te sides o f  the t e s t  containe rs . 

Few eggs we re l a i d  o ther than on the sample disc s .  When the 

d i s t r ibution of e ggs be tween samples was being compared , these e x t ra 

e ggs were ignore d ,  but in comparisons o f  total  eggs laid they we re 

inc luded . Egg coun ts were t rans fo rme d ( /x+ 1 )  befo re analys i s . 

Two comparison s  and s t a t i s t ical evaluat ion s were made wi th data f rom 

each experimen t : 

1 .  Numb e r  o f  eggs l a i d on each samp le ( pa ired compar ison ) .  

An index o f  ovipo s i t ion s t imulation / de t e rrence wa s calcul a te d  
. A-B 

f rom the express1on 
A+B 

x 100 , whe re A = number  o f  e ggs on 

p l an t  sample an d B = n umber of eggs on b lank samp l e . 

The .value- o f  the index could thus range f rom + 1 00 for 

to tal s t imul a t i on , thro ugh 0 for no e f fe c t , to - 1 00 

for t o tal de t e r rence . A depen den t t - t e s t  was conduc ted 

on t rans forme d coun t s  ( lx+ 1 ) . 

2 .  To tal number o f  eggs laid  wi thin e ach t reatment ( in cludin g  

any l a id on t h e  inner surfaces o f  the containers a s  wel l  a s  

on t h e  t e s t  samples ) subj ected t o  anal ysis o f  varianc e , F-t e s t  

and cal culat ion o f  s ign i f ican t  d i f fe rences using Duncan ' s 

Mul t iple Range Te st . 



5 0 .  

Plan t s  used in expe rimen t s  were grown i n  a gla s shouse in a 

pea t / grave l mixture . Samples were taken f rom young l eave s only and 

we re f resh at the commencemen t of each experimen t . Plan t spe cies 

used and the i r  ho st plan t  s tatus for Po tato Tube r  Mo th are l isted  i n  

Tab l e  9 .  

The fol lowin g series o f  exper imen t s  was conduct e d  in whi ch t e s t  

samp l es were compared wi th the s tandard bl ank disc : 

( a )  In t a c t  port ions o f  leaves supporte d  in small vials o f  water ; 

approxima tely  e q ual in area to  blank samp l e  discs ; o r  in 

the case o f  po t a to p ee l , smal l intact t ub e rs .  

( b )  Lea f  d i scs (or  po r t ions o f  lea f )  equal i n  area to b l ank sampl e  

dis c s ,  cove red with a layer o f  cot ton musl in .  

( c )  A s  ( b )  but samp les crushed b y  han d p re s sure wi th a pestle  

imme dia tely b e fore s e t t ing up  an d j u ices allowe d to  soak 

in t o  the mus l in cove ring. 

(d) As ( c )  but crushed l eaf and mus l in dried gently  in a s tream 

o f  warm air for 1 5 -20 minutes befo re set t ing up t he experiment ,  

so tha t to tal l y  dry surfaces were presen t e d .  

(e ) As (b ) b u t  the surfa ce o f  lea f discs b r ushed l i gh t ly with 

a s t i f f  nylon t e s t  tube b rush be fore cove ring with mus l in . 

( Trea tmen t vi sibly scratched the surface of mo s t  leave s 

b u t  was no t suf f i c ient  to re l e ase plan t  j uices ) . 

( f )  As ( c )  but second un t reated laye r of  mus l in backe d  by 

p e r fora ted f i l t e r  paper placed app roxima tely 2 mm above the 

layer con tamina ted wi th p l an t  j u ice s .  

( g )  As ( d )  but anten nae remove d f rom some groups o f  mo ths 

imme d ia tely before se t t ing up the experimen t .  

(h)  In view of  the s timu l a t ive e f fe c t  con s i s tently  foun d  with 

po t a to pee l on tota � eggs l a i d by ma ted  mo ths ( see Tables  

1 0  and 1 1 ) , an experiment wa s cond ucted to dete rmine whe ther 

any s t imula tion o f  ovipos i t ion was p roduced wi th virgin mo ths . 

Five re p l i c a t ions each o f  ten mo ths we re used as for o ther 

expe r imen t s .  
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Tab le 9 .  P l an t  species used in experiment s  on influenc e  o f  pl an t  

t issue o n  ovipos i t io n  b ehaviour and host p l an t  s ta tus 

for po ta t o  t uber  mo th 

P l an t  species 

Po tato -
So l anum t ub e rosum L .  
cv . I lam Hardy 

Egg plan t  -
Solanum me longena L .  
cv . B lack Beauty 

Tob acco -
Nico t i an a  tab acum L .  
cv . Whi t e  Burley 

Toma to -
Lycope r s i con esculent um 
Mi ll .  cv . Moneymake r 

S i lve r b e e t  -
Be t a  vulgaris L .  
cv . Med i um Green 

Bean -
Phaseolus vulgaris L.  
cv . Beanfeas t 

P e a  -
P is um s a tivum L .  
cv . Greenfeas t 

Radish -
Raphanus sat ivus L .  
cv . French B reakfas t 

Rye grass -
Lol i um pe renne L .  
cv . Manawa 

Hos t pl ant s ta tus 

Maj o r  hos t p lant . 

Hos t plan t  (Mendes 1 9 3 8 , Cunningham 1 9 6 9 , 
B roodryk 19 7 1 , Meisner , As che r  and Lavie 
1 9 7 4a ) . 

Hos t  plant . ( Mendes 1 9 3 8 , Cunningham 1 9 69 , 
B ro o d ryk 1 9 7 1 , Meisner , As che r and Lavi e  
1 9 7 4a) 

Norma l ly accep t ab l e  as a hos t  p lan t 
b u t  repo rts  no t consis tent . ( Dores t e  and 
Nieves 1 96 8 ,  Cunningham 1 9 6 9 , B roodryk 
19 7 1 , Me isne r ,  Ascher and Lavie 1 9 74a)  

Sugar b e e t  has b een repor ted as a t tacked 
( Ha ines 1 9 7 7 )  but no t generally regarded 
as a hos t p lan t . 

Non-hos t p l an t . 

Non-ho s t  plan t .  

Non-ho s t  plan t . 

Non-ho s t  p lan t .  
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RESULTS 

The results o f  expe rimen ts ( a) and ( b )  in whi ch p lant samples 

were o f fered withou t  and with mus l in covering each in comp arison 

w i th a s tandard b lank d i s c , are given in Table 10 . P o t a to tub ers , 

and l eaves of potato and of  egg p lant ( b o th known ho s t  plan t s )  were 

accepted as well  as (but  not in p re ference to ) b lank mus l in discs . 

All o ther p l ant species tested , including the recorded hos t  p lants 

t ob ac co and toma to , were s t rongly discrimina ted again s t  i n  favour o f  

b lank d i s c s . In addi t ion , treatmen ts involving potato tubers and 

egg p lant foliage s t imulated s igni f icant ly greater to tal egg 

depos i t io n  than the b lank con t ro l  trea tment .  

When the plant samp les were cove red w i th a layer o f  mus lin 

( Exp e r imen t  (b) ) d iscrimina t ion agains t tobacco , toma to and all  the 

non-ho s t p lant species was removed ( there were no s igni f i cant 

di f f e rences between the tes t samples and the blanks ) . \Vhen covered 

with mus l in ,  potato peel and egg p lant fol i age were p re f e rred to b lank 

samples and the total  number  of e ggs laid was boos ted i n  the case o f  

po t a to pee l .  Al tho ugh the f igures sugge s t  that the accep tance o f  

po tato leaf was increas e d  by cover ing w i th mus lin , the d i f f e rence d i d  

no t reach s ta t i s t i c a l  signif i canc e . 

The effects o f  express ing p lan t j ui c e s  f rom the s amp les 

immedia t e ly before s e t t ing up the expe rimen t are shown in Tab le 1 1  ( c ) . 

All known non-hos t p lan t s  and toma to were rendered highly deterren t to 

ovipos i t ion by s uch treatment , though totals o f  eggs laid were no t 

s i gn i f ic an t ly reduced i n  any cas e . Potato and egg p lant foliage 

p roduced a pos i t ive s t imulative e f fe c t  on egg laying whi l s t  potato 

p e e l  and tobacco f o l iage were wi thout e f fec t .  To t al e ggs laid were 
' 

a gain increased by potato peel and also in this case by p o t a to foliage . 

When the expe riment was repeated and the expressed p lant j ui ce s  

w e r e  dried before i n troducing t h e  mo ths ( Table 1 1  ( d ) ) the resul t s  

were ess entially the s ame , excep t tha t w i th ryegrass the deterren t  

e f fe c t  now did not reach s igni f i c ance . To tal  egg depos i t ion was 

s t imul a te d  by potato fol iage and peel and by egg plant fol iage . 
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The resu l t s  o f  e xpe rimen t ( e )  in which l eaf  samp l e s  were 

b rushed with a nylon brush before be ing covered with mus l in ,  are 

p re sen ted  in Tab l e  1 2  ( e ) . In the case o f  tomato , s i l ve r  bee t ,  pea 

and ra d i sh ,  brushing resul ted in s ign i f i can t de terren ce of ovipo s i t ion 

s imilar to , but not as grea t as , that p roduced by crush ing the l eave s . 

An anomalous resu l t  o c curred \vi th pot  a to in tha t brushing resul ted in 

a sma l l  but  signi f i cant de te rrent ( ra ther than s t imul a t ive ) e f f e c t . 

Because o f  this anoma l y  the t e s t  wi th po tato wa s repea t e d ,  but with 

the same resul t .  No ef fect  was produced by b rushing l eaves of egg 

p l an t or bean . 

In experimen t ( f )  l eaf  samp l e s  were f reshly c rushed but we re 

sepa rated f rom the musl in / f i l ter paper ovi po s i t ion surface b y  abou t  

2 mm . Re sul t s  are presented in Table  12  ( f ) . On l y  in the case o f  

s i lver b e e t  wa s any s i gn i f ican t  e f fe c t  (mi l dl y  deterren t )  p roduce d .  

The resu l ts o f  antenn a l  removal on response o f  mo ths to 

ovipos i t ion s t imul a t ion ( po t a t o )  and ovipos i t ion dete rrence (bean ) 

(Experiment (g) ) are given in Ta b l e  1 3 .  An tennal removal reduce d ,  

but did  no t e l imina te , posi t ive disc rimination for po tato and nega t ive 

d i s c r iminat ion aga ins t bean . I t  did however resul t in the l o s s  o f  

s t imul a t ion o f  to t a l  eggs l ai d  provi ded b y  potato with int a c t  mo ths . 

Exposing vi rgin mo ths to po tato pee l ( Expe rimen t (h) ) resul ted  

in  a mean o f  4 . 8  eggs l a i d  per mo th compared to  4 . 4  e ggs per mo th 

wi thout p ee l . There was thus no sign i f i cant s t imula tion o f  

ovipo s i t ion , ne i ther wa s there any di sc rimi nation be tween b l ank d i s c s  

and those with po t a to peel . 
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DIS CUSS ION 

The fact  tha t  l eaves o f  all  non-ho s t  plants tes te d  were rende re d  

accep table fo r ovipo s i t ion when covered w i t h  a layer o f  musl in 

(Expe r iments ( a )  and ( b ) ) sugge s ts tha t the phys i cal na ture o f  the leaf 

sur face of  these p l an t s  i s  unsuitable (highly smooth in the case of p ea 

and b ee t )  o r  tha t chemical ovipo s i t ion de terrent fac to rs , perceived 

only b y  con tac t ,  are  presen t . 

Exp ressed j uices rende red known ho s t  p lants mo re accep tab le and 

non-ho s t  p lants l es s  accep table , except  for tomato whi ch was rendered 

de t e rrent and tobacco and po tato p eel which showed no e f fe c t . O ther 

than these anomalies , this con f irms the presence o f  ovipo s i t ion 

s t imulant s  in ho s t  p lan ts and of ovipo s i t ion deterren t s  in non-hos t  

plan t s .  How such subs tances might be detected by ovipo s i t ing mo ths 

however p resents a p roblem . In some instances , gent l e  p robing of the 

leaf surface (with the insect ' s  ovipo s i t o r )  might be  sufficient to 

re lease them, as b rushing of the leaf surface (wi thout p roduc ing f ree 

sap ) re sul ted in a det errent e f f e c t  in the case o f  tomato , beet , pea 

and radish but no posit ive e f f e c t s  for known ho s t  plan t s . 

When expressed j ui ce s  were separated from mo ths by a shor t  

d i s tance ( Exper imen t ( f ) ) ,  n o  ma rked s t imul at ive or de terrent e f f e c t s  

we re p roduced (other than a s l i gh t  de te r rence i n  the c a s e  o f  beet ) , 

in dica t in g  tha t the fa ctors involved are not  vol a t i l e . Antennal 

removal did no t e l imina te the re sponse of mo ths to ovipo s i t ion 

s t imula t ion from po ta to ( though it did reduce the numb er of eggs l a i d )  

o r  ovipo s i t ion de terrence from bean ( b u t  response was reduced in b o th 

cases ) , so  that the s i te o f  pe rception o f  these fac tors mus t  b e  o ther 

than on the an t ennae .  

The fol lowing ten tat ive con c l us ion s are put forward as to the 

n a t ure of plan t select ion for ovipo s i tion : 

1 .  Ho s t  p lants for the mo s t  part , contain ovipo s i t ion s t imul ant 

factors ( c hemical ) whi ch a re only detected on contact  and by 

p robing o f  the plant su rface (a ppa rent l y  no t p re sent in 

tobacco ) . 
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2 .  Non-ho s t  p l an t s  possess ovipo s i t ion d e terrent factors o f  

s imilar loca t ion and mode o f  dete c t ion . Physi cal l y  

unsuitable s ur faces ( i . e .  smoo th) may a l so b e  a n  additional 

fac t o r  in p l an t  avo i dan ce . 

3 .  Nei ther the ovipo s i t ion s t i mul ant o r  d e t e rrent fac t o rs are 

vo la t i le and can be dete c t e d  on l y  by con tac t .  They canno t 

there fore p rovide olfacto ry guidance t o  ho s t  plan t f in d ing 

f rom a dis tance . I f  p lant odours a re involved in  hos t 

plan t loca t ion (no t examined i n  th i s  s tudy) they mus t be 

d i s t inct  from tho se stimul a t ing or de terring ov ipo s i t ion . 

The only exc e p t ion to th i s  may b e  po t a to whe re the peel o f  

tube rs was s t imulati ve when covered w i t h  musl in ( Table 1 0  ( b ) ) .  

Bes i des the e f fe c t s  on loca tion o f  e ggs , some ho s t  plants 

s t i mulated greater total egg depo s i t ion during the expe rimen tal p eriod 

than the con t ro l  t reatmen t (no p l an t  ma t e rial ) .  Thi s  was mo s t  

con s i s ten t wi th po ta to tuber ma t e rial but also occurred w i th potato 

fol iage when c rushed an d to a lesser exten t wi th egg plan t .  To tal 

tgg l ay was no t red uced by  non -ho s t  p l an t s .  The s t imulative e f fe c t  

of  potato tube r ma terial on fecundity  wh en mo ths were expo sed ove r 

their whole l i fe span wa s con f i rmed in  o ther exper imen t s  ( see Chap ter V 

Par t  2 ) . Th is s timul ative e f fe c t  on tot a l eggs laid  was e l imina ted  

by an tennal remova l ( Table 1 3 )  sugges ting tha t  sepa ra te fa c t o r s  

regu l a te cho ice o f  ovipo si ti on s i te and numb e rs of eggs l a i d  as 

po s t ulated for Plodia inte rpunctella  by Deseo ( 1 9 7 6 ) . 
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Tab l e  1 0 .  Effect  o f  p lan t t is sue , with and wi thout mus l in cove ring , 

on ovipo s i tion by po ta to tuber mo th 

( a )  I n tac t plant sampl e  ( b )  Intact  p lant samp l e  
wi thout muslin  cove r ing with mus lin  cove ring 

Plan t species Index 
t 

o f  To tal no . Index o f  To tal n o . 
ovipo s i t ion of  eggs ovipo s i t ion o f  eggs 
s t imulation/  re l a t ive to s t imula t ion/ rel a t ive to  
de te rrence con t ro l  = lOO de terrence con t ro l  = 1 00 

Po t a to - 3 7 . 1  NS 1 5 8 NS +28 . 8  NS 1 2 7  NS 

Po tato  ( tuber , 
-6 . 7  NS 1 89 * +7 1 .  7 * *  2 32 * 

peel ) 

Egg p l an t  +2 1 .  J NS 1 62 * +32 . 1 * *  1 1 3  N S  

Tob a c co -88 . 6  * *  1 4 6  NS + 1 5 . 0  NS 1 04 N S  

Toma to - 7 2 . 3  * *  76 NS + 1 1 .  2 NS 96 NS 

S ilver  bee t - 9 6 . 9  * *  6 7  NS - 7 . 0  NS 1 0 6  N S  

Bean - 7 9 . 3  '� * 99 NS + 1 0 . 7 NS 89 NS 

Pea -9 9 . 7  * *  1 2 7  NS -6 . 3  NS 80 NS 

Radish - 9 3 . 9  * *  84 NS - 1 4 . 5  NS 98 NS 

Rye gra s s  - 94 . 3  * *  1 04 NS +40 .  7 NS 9 7  NS 

Con t rol -8 . 8  NS lOO + 1 5 . 8  NS 1 00 

A - B 
Cal culated f rom the exp ress ion 

A + B 
x 1 00 whe re A = number  o f  eggs 

on  p l ant samp le and B = number o f  eggs on  blank sample . 
t 

NS No t s ignif ican t .  

* S ign i f ican t  p < 0 . 05 .  

** S ign i f ican t p < 0 . 0 1 . 
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Tabl e  1 1 .  Effect  o f  p l an t  j ui ces , f reshly e xpressed and a i r  d r i e d , 

on ovipo s i t ion by po tato t uber mo th 

Plant spec ies 

Po ta to 

Po t a to ( tuber , 
peel ) 

Egg plant 

Tobacco 

Toma to 

S i lver bee t 

Bean 

Pea 

Radish 

Ryegrass 

Con t ro l  

( c )  Plant samp l e  wi th 
j uices f re shly 
expressed 

t Index of To tal n o . 

ovipos i t ion o f  eggs 
s t imul ation/ re la tive to 

deterrence con trol = 1 00 

+4 9 . 6  * *  339 * *  

- 1 6 . 0  NS 2 08 * 

+4 1 .  9 * *  1 74 NS 

+ 7 .  3 NS 1 95 NS 

- 90 . 8  * *  8 3  NS 

-9 7 . 9 * *  1 2 1  NS 

-94 . 5  ** 83 NS 

- 90 . 6 ** 1 35 NS 

-94 . 1  ** 1 1 5 NS 

- 80 . 3 * 97  NS 

+ 1 7 .  8 NS 100 

t See foo tno te to  Tab le 1 0 .  

( d )  P lan t sample w i th 
j ui ce s  e xpre ssed 
and a i r  d r ie d  

Index o f  To tal no . 
o vi po s i t  ion o f  eggs 
s t imulat ion / rel a t ive to 

deterrence control = 1 00 

+6 9 . 8  * *  2 1 6 * *  

+ 1 9 . 6  NS 1 9 7  * *  

+34 . 3  * 1 7 1  * 

+7 . 9  NS 109 NS 

-5 7 . 0  * *  1 1 7  N S  

- 7 5 . 2  * *  1 06 NS 

-8 3 . 7  * *  8 7  N S  

-35 . 0 * 1 09 NS 

-46 . 7  * *  1 02 NS 

- 32 . 8  NS 1 2 5  N S  

-3 . 4  NS 1 00 
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Tab le 1 3 .  E f fe c t  o f  antennal remova l on response o f  po tato t uber 

mo ths to  ovipo s i t ion s t imu l an t  (po t a to leaf ) and 

ovipo s i t ion dete rrent ( bean leaf ) fac tors ( Experiment  g) 

In dex o f  To tal no . o f  
Samp le ovipos i t ion eggs relat ive to 

s t imu lat ion / deterrence con trol = 1 00 

Cl) 
..c: Po ta to +84 . 2  ** 2 5 5  * *  .j.J 
� 

Bean -50 . 4  ** 88 NS .j.J t) !il .j.J Con t r o l  +5 . 1  NS 1 00 Q H 

..c: Po tato +4 7 . 2  * 1 4 5  NS .j.J Q.I '"C  "1"'4 !il Q) 
) Q > 
Cl) � � Bean - 3 6 . 3  * 8 3  NS 

..c: .j.J Q) .j.J Q '"' 
;S !il Con t rol - 3 . 8  NS 1 02 NS 



4 .  EXTRACTI ON OF OVIPOSITION S TIMULANTS 

AND DETERRENTS 

60 . 

To p rovide fur ther conf irma t ion tha t  chemical const i tuen t s  o f  

plants a re involved in regula t ing ovipos i t ion , extrac t s  o f  hos t  and 

non-ho s t  p lan t s  we re made and evalua ted for b io logical ac t ivity . 

MATERIALS AND METHODS 

Prepara t ion o f  samples 

Three e x t ra c t ion pro cedures we re used ut i l i z ing d i f feren t  

solven t s .  They we re : 

Trea tmen t 

( a )  Immer s ion o f  intact leave s (and 
t ub e rs in the ca se of po tato ) for 
10 minutes in 2 00 ml o f  p e t rol eum 
e ther (40-600C BP ) with o ccasional 
a g i ta t ion . 

(b ) As (a ) but with chloro fo rm .  

(c ) Mace ration in 2 00 ml methano l for 
2 minutes in a Wa ring blende r 
fol lowed by f i l t ra t ion unde r vacuum 
thro ugh a Buchner funnel to remove 
so l ids . 

Types of plan t  con s t i tuent s  
l ikely to  b e  removed 

Non-pola r compounds f rom 
surface layers . 

Non-polar plus polar 
compounds f rom surface 
layers . 

Al l plan t  con s t i tuen t s . 

Immediat ely a f t e r  extract ion o f  the plan t  ma t e rial solven t s  were 

evaporated almo s t  to dryn e s s  in a ro tary evapo ra tor under reduced 

p ressure with a water bath tempera ture of 2 5° C .  Res i dues were re-

d issolved in the same so lvent used to make the ini t ial ext ra c t i on 

(excep t in the ca s e  o f  mace r a tion in me thanol whe re 5 0 : 50 me thano l 

chl o ro fo rm was use d )  and made up to 1 0  ml in a vol ume t ric f lask . 

Ext ra c t s  prepared in this way we re s tored in a refr ige ra t o r  un t il used 

fo r t e s t s .  
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Al l plant species l i s t e d  in Tab l e  9 were tested and e ach was 

sub j e c t e d  to al l thre e  extract ion p ro cedures . The l ea f  area o f  e ach 

plant spec ies was measured on a samp le of leaves with an e l e c t ron i c  

leaf a r e a  me ter and related to f resh we igh t i n  each case . App rop riate 

f resh we igh t s  of l eaves for each spe cies we re then cal c ul a te d  to 

provide the desired area for extraction . In  the case o f  potato t ubers , 

surface area was computed on t he as sump t ion tha t each tuber  was a 

sphere with a d iame t e r  equal to  the mean o f  three measurements in 

d i f fe ren t p lane s  ma de on the t uber  i tsel f . Extract ions we re performed 

on fresh p lan t ma t e r i a l  excep t for me thano l extract ion o f  potato tubers , 

whi ch we re f i r s t  peeled and the peel a i r  dried a t  25° C b e f o re 

macerat ion . 

The area o f  t e s t  discs used for b iolo g ical evalua t ion o f  extracts 

(musl in s t r e tched ove r f i l te r  pape r , s ee Pa r t  3 of  thi s  Chap t e r )  was 

14 . 2  cm2 . Solvent  extract  f rom twice this leaf area ( o r  tuber  surface 

in the case of pota to tubers ) was appl ied to the tes t  d is c  in 0 . 4  ml 

of solven t in two separa te t re a tmen ts each of 0 . 2  ml . Comp l e te 

ext rac t ion o f  plant samples would thus have presen ted e x t rac t e d  

substan ce s  a t  2 x t h e i r  pl an t concen tra tion o n  the t e s t  discs . 

Biological eva lua t ion 

The procedure for evaluat ion o f  plant ext racts  wa s a s  desc ribed 

fo r intact  plant samples in Pa rt  3 of this  Chap te r .  Tes t discs  were 

p re sen t e d  in pa irs , one blank disc and one t reated wi th extrac t . 

The re were five rep licat ions each o f  ten pairs o f  mo ths .  Discs were 

f reshly prepared f o r  each t e s t  and we re used as soon as the solvent 

had comp le te ly evapo ra ted . Two p l an t  spec ies , each with th ree methods 

o f  e x t ra c t ion , were tes ted a t  a t ime to g ive a to tal of s i x  t reatmen t s  

p lus an un t rea ted con trol b l ank . 

The extracts  were a l so u sed for t e s t s  on behaviour o f  f i rs t  

ins t a r  l arvae ( see Chapter V I , Pa r t  2 ) . 
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RESULTS 

Resul ts we re assessed a f t e r  4 8  h by coun t ing the numbers o f  

eggs on each d i s c  and elsewhe re in the con t ainer a s  described for 

s im i l a r  tests  with in tact leaf  samples in Pa r t  3 of  this Chapt e r .  

Re sul t s  a re summarized i n  Tab l e  14 . 

Ext rac t s  p repared by s ur face wa shing with petrol eum e ther o r  

chlo ro form we re colourless  o r  nearl y s o  in al l cases , whi le ext rac t s  

prepared f rom leaves b y  maceration in me thano l we re deeply pigmen ted 

green . 

DI SCUSS ION 

Fo r convenience o f  d i s cussion the resul t s  o f  extract ions o f  

p l an t  ma terials are summa r i ze d  in Tab l e  1 5  together w i th the resul ts 

o b t a ined wi th exp re ssed plant j uices p rev io usly presented  in Table 1 1 .  

I t  w i l l  be seen that total ext rac t ion (macerat ion in methano l )  p rovided 

a c t ive extra c t s  for all  plan t s  whe t he r  s t imul a to ry o r  det e rren t for 

ovipo s i t ion , except in the case o f  pea . Th i s  was s t rongly de terren t 

w i t h  f re shly expressed plant j uices  but the extract was inac t ive . 

Tho s e  plan t  samp les that we re neut ral ( inac t ive ) as exp ressed p lant 

j uices  ( toba cco foliage and po tato pee l )  we re also inact ive as ext ra c t s . 

The resul t s  a l so con f i rm the deterren t p rope rty o f  toma to which wa s 

p re v iously foun d in experimen ts wi th who l e  leaf samples  and exp ressed 

j ui c e s . 

The posi t ion o f  potato  tuber ma terial appears to  be anomalous 

as Me i sn e r  � al .  ( 1 9 74 b )  reported s t rong s t imulation o f  ovipo s i t ion 

wi th e thano l i c  ex tra c t s  o f  potato peel . Resul ts o f  surface washing 

w i th petroleum e ther may p rovide some clue to  this apparen t anomaly , 

and also to  the inac t i vity  o f  tobacco w i th expressed p lan t j ui ce s  and 

t o tal ext ract ion . Petrol eum e ther washings o f  these two plan t  

ma te rials gave pos i tive s t imulat ion o f  ovi po s i t ion especially i n  the 

case  of tobacco ( see Table 1 5 ) . On the o ther hand surface washing 

w i th chlo ro form, whi ch co uld be expe c te d  to  extrac t a wide r range o f  

subs tances than pe troleum e the r ,  was inac t ive in the case o f  po tato peel  
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and d e t e rrent for tobac co . I t  seems there fore tha t for these two 

plan t  ma terial s , chemi cal fac tors responsib l e  for stimul a t ion o f  

ovip o s i tion may b e  loca ted close t o  the sur face and thus readily 

removed by surfac e  washing with pe t ro l e um e ther . At the same t ime i t  

may b e  postulated tha t mo re deep sea ted  sub s tances ac t ing as ovipo s i t ion 

deterren t s  are r el eased with mo re vigo rous extrac t ion p ro ce dures and 

cance l out the e f fe c t  of the supe r f i cial s t imul an t s .  I f  the chemical 

nature of ovipo s i tion deterren t s / s t imu lants  is to be determined i t  

seems essen t ial tha t ext rac t ion proce dures sui ted to each part i cular 

plan t ma terial b e  eva luated . 

I n  terms o f  tota l  eggs l ai d  during the experimen tal perio d ,  to tal  
._., �� ?·"· Cl��.,.. 

extra c t s  o f  egg p l an t  and o f  toba cco and surface extra c t ion o f  tobacco L 
gave s ign i f i can t po s i t ive s t imul a t ion . No extracts depressed to tal 

eggs laid  as was the case w i th expressed pl ant j uices ( see Tabl e  1 1 ) . 

The p o s i t ive e f fe c t  o f  to tal extra c t  o f  tobacco in this  re spec t i s  

in t e re s t ing as i t  had no e f f e c t  on the d i s t ribution o f  e ggs . 

Thi s  p rovides a d d i t ional ev i dence f o r  the sugge s t ion ma de earl ier tha t  

separate  mechan isms may be invo lved i n  the sel e c t ion o f  ovipo s i t ion 

s i t e  and regul a t io n  o f  to ta l  eggs la i d .  



Table 1 4 . Resul t s  o f  extraction o f  pl an t  ma te rial with solv en t s  o n  oviposi tion s timul a t ion and deterrence 

Method o f  extract ion 

( a )  Surface ext ra c t ion of intact ( b ) Surface extra c t ion o f  in tac t  ( c )  Macera t ion o f  l eaves 
l e aves wi th p et ro leum e ther leave s  with chloroform with methanol 

Plan t  species Index o f  
TOTAL eggs 

Index o f  
TOTAL eggs 

Index o f  
TOTAL eggs 

ovipo s i t ion ovipo s i t ion ovipos i t ion 
s t imul a t ion/ laid cf . 

s t imula t ion/ 
laid cf . 

s t imul a t ion/ 
laid c f . 

de terrence 
control 

de terrence 
control 

deterrence 
control 

Tobacco +59 . 6  ** 1 85 * - 50 . 6  * 6 9  NS -24 . 9  NS 1 6 1  * 

Pea -40 . 0 NS 78 NS - 3 1 . 5  NS 1 92 * -22 . 4  NS 65  NS 

Cont ro l  + 1 6 . 0  N S  1 00 

Egg plant +25 . 1 NS 129 NS - 3 . 1 NS 78 NS +59 . 9  ** 1 8 7  ** 

Ryegrass + 1 4 . 7 NS 86 NS - 1 3 . 4  NS 98 NS - 39 . 2  ** 92 NS 

Con trol + 1 8 . 3  NS 1 00 

Potato - 7 . 0  NS 9 6  NS +20 . 3  NS 1 1 2 NS +50 . 5  ** 129 NS 

Tomato - 1 7 . 5  NS 1 04 NS - 8 . 3  NS 1 1 0 NS -4 4 . 2  * 1 1 1  NS 

Cont ro l  + 1 9 . 6  N S  100 

Potato ( tuber) +39 . 2  * 1 2 8  NS +35 . 8  NS 103  NS -2 . 7  NS 86 NS 

Silver beet - 1 6 . 8  NS 90 NS - 8 . 4  NS 89 NS -4 9 . 3 ** 7 8  NS 

Con t ro l  +5 . 9  NS 1 00 

Bean - 3 . 9  NS 1 2 8  NS -4 1 . 8  NS 6 7  NS -66 . 1 * 7 4  NS 0\ 
.p.. . 

Radish - 1 7 . 7  NS 1 2 0  NS - 1 9 . 1 NS 63 NS -45 . 4  ** 85 NS 

Con t rol + 1 . 5 NS 100 
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Tab le 1 5 .  Summary of e f f e c ts o f  e xpressed plant juices on ovipo s i t ion 

compa red wi th e f fe c t s  o f  so lvent extrac t s  

E f f e c t  o n  ovipo s i t ion 

Plan t spec ies  Exp ressed Surface Surface To tal 
plant extract ion extract ion extract ion 

j u ices pet . e the r chloro fo rm me thanol 

Po tato ( fo l iage ) ++ 0 0 ++ 

Potato  ( tube r )  0 + 0 0 

Egg p lan t ++ 0 0 ++ 

Tob a c co 0 ++ 0 

Toma to 0 0 

S i lver  beet  0 0 

Bean 0 0 

Pea 0 0 0 

Rad i sh 0 0 

Rye grass 0 0 

+ s t imula t i ve 

++ s trongly s t imul a t ive 

0 neutral  

d e te rrent 

s t rongly det errent 
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Chapter V 

F ACTORS AFFECTING FECUN DITY 

Al though Potato Tub e r  Mo th lays its  eggs f reely in the absence o f  

p lant ma t e rial , this doe s not  preclude the pos s i b i l i ty o f  hos t plan t s  

having some inf luence o n  f ecund i ty .  The re are seve ral repo r t s  o f  

the fecundi ty o f  other in sects  b e ing s t imulated  b y  the p resence o f  

their ho s t  p lan t s  though they a re no t essential f o r  ovipo s i t ion 

( Hillyer 1 96 5 , De seo 1 9 6 9 , Hillyer an d Tho rste inson 1 96 9 ) . Thi s  

possibil i ty h a s  been examine d for Pota to Tuber  Mo th b y  e xposing adul t 

mo ths to  p o t a to tuber  ma te rial in va rious ways throughou t  their l i fe 

span . 

I t  was foun d earl i e r  ( see Chap te r IV , Part  l) that fecundi ty o f  

mo ths p rovide d wi th sucrose solution was no t s ign ifican tly co rrela ted  

wi th pupal we ight , a t  least  in  the  absen ce o f  hos t plant  ma terial . 

A partial e xp lanat ion o f  this may be the fact that the numb er o f  ma t ure 

e ggs in the ovaries a t  eme rgen ce i s  insuf f ic ien t to ac coun t  for to tal 

e ggs laid so that further ma tura tion o f  eggs mus t  take place during 

adul t l i fe .  Ava i l ab i l i ty o f  food to  adul t mo ths i s  thus l ikely to  

affect  fecun d i ty (as report ed by Labeyri e 1 9 5 7  and Abul -Nasr � al . 1 9 7 1 ) , 

and to  obs cure any relat ionship o f  fecundity to pupal we i ght . As a 

consequence , fecun d i ty may be mo re c losely co rrela ted to pupal we i gh t  

when mo ths are s t arve d . 

o f  the p resen t s tudy . 

The se po ssibi l i t ie s  have been examine d as part 

Anaes the ti za t ion wi th carbon d ioxide has been repo rted to reduce 

longevi t y ,  ma t ing and fecundity of some insec t s  (Whisenan t and B ra dy 

1965 , Wh ite  e t  al . 1 96 9 , Hooper 1 9 7 0 ,  Perron e t  a l .  1 9 72 ,  Henneberry 

and Kishaba 1 9 7 6 ) . As C02 anaes the ti za t ion has been used to perm i t  

hand l ing a n d  sexing o f  mo ths i n  virtua l l y a l l  expe rimen ts repor ted here , 

an exper imen t was conduc ted to  d e t e rmine the e f fect on fecun d i ty and 

longevi ty of Po ta to Tube r  Mo t h .  
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Pupae were dissected  free f rom their s ilken cocoon and e i ther 

placed s ingly into smal l s toppered t ubes ( in the case o f  moths to  b e  

anaes thet ized  with C02 ) o r  sexe d  and p laced i n  pa irs direc tly  in to 

experimental con t a iners for eme rgen ce (no C02 treatmen t ) . Bo th groups 

of pupae we re hel d  at 2 5° C un t i l  a dul t emergence . 

Expe r imen tal con t a ine rs we re wi de mo uthe d , 1 10 ml glass j ars 

wi th a hol e  cut in the s ide nea r the base t o  al low a l ength o f  cot ton 

den tal ro l l  to  be inse r ted . The mo uth of each jar was closed wi th 

two layers of  co t ton mus l in held in place w i th a rubber  b an d .  A d is c  

o f  4 . 2 5 cm f i l te r  paper was sandwi ched b e tween t h e  l ay e rs o f  mus l in .  

Pupae we re che cke d da ily f o r  eme rgen ce and mo ths f rom sma l l  tubes 

anaes thet i zed wi th C02 and t rans f e rred in pairs to the exp e rimen tal 

con ta iner s .  MO ths f rom pupa e placed directly into the containers , we re 

ut i l i ze d  only when ma le and femal e eme rged wi thin 48 h o f  each o th e r .  

Otherwise they we re d iscarde d . 

ini t ia l l y  set  up in th i s  way . 

40  pa irs for each t rea tmen t we re 

I f  any pair fail ed to p ro duce eggs 

during the l i fespan of the female , addi t ional pa irs were set up un t i l  

a t o t a l  o f  40 e g g  laying fema les was ob taine d .  

Dur ing the course o f  the expe rimen t the co tton dental rol l s  were 

moi s t en e d  da ily wi th distilled  wa ter and the mus lin and f i l te r  pape r 

renewed every o ther day , un t i l  de a th o f  the female in the con t a ine r 

concerned . Lifespan of females was recorde d  to the ne are s t  day . 

The exp e r imen t was conduc ted  in darkness a t  2 5° C .  
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RESULTS AND DISCUSS ION 

Out o f  40  pairs o f  mo ths subj ected to  C02 anaes the t iz a t ion , one 

pair fai led to produce e ggs compared to two pairs for mo ths no t 

anaesthe t i zed . The mean fec und i ty o f  mo ths subj ec ted to C02 was 

1 4 4 . 05 ± S . E . 1 1 . 74 and mean l i f espan o f  females  1 1 . 6  ± 0 . 4  days , 

compare d to 1 3 7 . 85 ± 1 0 . 35 and mean l i fespan o f  1 2 . 4  ± 0 . 6  days f o r  

thos e  no t anaesthe t i z e d . The re wa s thus no detectabl e  e f f e c t  f rom 

C02 anaes the t i za t ion . Compa red to  o ther insec t s  for which de t r imen t a l  

e f fec t s  have been repo r ted , P o t a t o  Tuber Mo th may b e  less  sen s i t ive o r  

the per iod o f  anae s the s ia may have been much shor ter ( about 5 minu t e s )  

than tha t employed b y  o t her worke rs ( up to 3 0  minute s ) . 

2 .  INFLUENCE OF ADULT FOO D ,  PUPAL WE IGHT AND 

HOS T PLANT TIS SUE ON FECUNDITY 

Two types o f  e xpe rimen ts we re unde rtaken . In e xpe rimen t ( 1 )  

mo ths o f  varying pupa l we ight we re exposed to portions o f  cut po t a to 

peel and e i ther s t arved , fed wa t e r  o r  fed 5 %  sucrose solut ion , and 

compared to s im i l a r  gro ups of mo ths w i thout exposure to po tato pee l . 

In experiments  ( 2 )  an d ( 3 )  mo ths we re con t inually exposed to who l e  

po tato t ubers and compa red to mo ths wi tho u t  such t reatment . 

MATERIALS AND METHODS 

Expe r iment ( 1 ) . I n f l uen ce o f  pupal we i ght , adul t food and po ta to 

� on fecun d i Sl 

Pupae we re d i s sec ted f re e  from their cocoons and we ighed 

indivi dually to  the nea res t  0 . 0 1  mg . They we re then placed s epara tely 
0 

into small glass tube s ,  he ld a t  25 C and checked da ily un t i l  emergence .  

As mo ths eme rge d ,  they were placed in  pa irs o f  each sex into 

experimen tal conta iners ; pa irs we re a l loca ted to t reatments  in ro tat ion . 
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Experimental con ta iners we re wide mouthed , 1 1 0 ml glass j ars 

closed by a doub le layer of  co t ton musl in as described for the 

exper iment  on e f f e c t  of C02 anae s thet i za t ion on fecund i t y .  Wa t e r  o r  

sugar solut ion ( 5 %  suc ros e )  was p rovided o n  a l ength o f  co t ton den tal  

ro l l  inserted  through the s ide o f  t he j ar .  Fo r t reatmen t s  in whi ch 

mo ths were exp osed to  potato tuber material , s l ivers o f  potato pee l 

were placed be tween the l ayers o f  mus l in . The f i l ter paper , musl in , 

and po tato peel were renewed every o ther day un t i l  the f emal e  mo th 

died . The fol lowing trea tmen ts were establ i shed : 

No EOta to Eeel Po tato Eeel 

( a )  mo ths no t f e d  ( d )  mo ths not fed 

(b ) mo ths fed d i s t i l l e d  wa t e r  ( e )  mo ths fed dis t il led wa t er 

( c )  mo ths fed sucrose solution ( f )  mo ths fed suc rose so l u t ion . 

4 0  pairs o f  mo ths were set  up in i t ially  under each trea tmen t .  

S ince  a f ew females in each treatmen t fa i l ed to produce eggs , 

addit ional conta ine rs were se t up un t i l  4 0  egg produc ing fema les 

we re o b t a ined . Al l calculat ions were ba sed  on these 40  f e r t i l e  pa irs . 

Con t ainers we re kept in da rknes s  a t  2 5° C .  Humidity was no t con t ro l le d .  

Trea tmen t s  involving potato pee l we re kep t i n  a sepa rate temperature 

cabine t f rom thos e  wi thout peel . 

ExEe r imen t s  ( 2 )  a n d  ( 3 ) . Inf luence o f  whole  po ta to t ubers 

on fecund ity  

In  these experimen ts  mo ths were cont inually expo sed to  in t a c t  

po t a to tubers t hroughout the ir l i fe span , rather than to pieces o f  

po t a to peel renewed every o the r day . The experimen tal con tainers 

wer e  500 g glass p reserving j a r s closed with a glass petri dish . 

5 %  sucrose sol u t ion wa s provided in a l l  t rea tment s  in a sma l l  glass  

vial into  wh ich c o t ton den tal rolls  were inse rted . 

Trea tmen t s  provided the fol lowing condi tions : 



( a )  N o  o dour o f  po ta to tuber ,  no access to  t uber surface 

( control t rea tmen t ) : 

7 0 .  

Co t ton woo l  dummy covered with four l ayers o f  co t ton musl in 

(in place o f  p o t a to tuber incl uded in o ther treatmen t s ) . 

(b ) Odour o f  po ta to tuber , no access to t uber surfac e : 

Potato tuber  covered wi th f our layer s  o f  co t ton mus l in . 

( c )  Odour o f  po t a to tuber , access to t uber  surface : 

Po tato tuber  without mus l in cove r ing . 

( d )  Odour o f  po t ato tube r , access to  tuber  surface , 

addit ional ovipo s i t ion s i t e s : 

Potato t uber with approximately 2 5 %  o f  surface area covered 

with bands o f  co t ton mus l in . 

MO th s  were placed into contain e rs w i thin 24  h o f  eme rgence f rom the 

pupa . They were l ightly anaes the t ized  w i th C02 to f a c i l i t a t e  s exing 

and handling . Eve ry 2 days therea f t e r  the po tato tuber o r  co t ton 

woo l  dummy was replaced by t ran sfe rring the mo ths to  a clean con t a ine r . 

Dea d  mo ths we re removed a t  the same t ime and the process was repeat ed 

unt i l  all  femal e s  ha d died . 

Expe r imen t ( 2 )  

The f i r s t  three t r ea tmen t s  only , (a ) , ( b )  and ( c ) , were include d .  

The re were 5 rep l ica t ions e ach with 5 p a i rs o f  mo ths p e r  con tainer . 

Dea d  mo ths we re no t re ta ined for dissec t ion . 

Experimen t ( 3 )  

Al l  four - t reatments  were include d ,  and the n umbe r  o f  pai rs o f  

mo ths per cont ainer wa s increased to 1 0 .  In add i t ion to reco r d in g  the 

number of e ggs lai d , all female mo ths were re tained for d i s se c t io n . 

S in ce some may have been dead for up to  4 8  h befo re they we re removed ,  

no t all we re suitable f o r  dissect ion , bu t suf f icient were o b t a ined in 

good condi tion to al low the numb er of eggs in the ova r ies to be 

coun ted . Di s s e c t ion wa s undertaken a s  de scribed in Chapter  IV . 



7 1 .  

The t ime taken f o r  50% ovipo s i t i on to occur ( ETso ) was 

calculated for each t reatmen t  by plo t t ing cumulat ive percen tage eggs 

laid against  t ime and read ing o f f  the value in days a t  the 50% poin t . 

RES ULTS 

The resul ts o f  Exp e r imen t  ( 1 )  in wh ich inf luence o f  pupal we igh t , 

adul t food and pota to peel on fe cund i ty we re examined , are summa r i s e d  

in Tabl e  1 6  and Fi g . 6 .  Mo ths p rov i ded wi t h  wa ter on ly , laid  t w i c e  a s  

many eggs as those s t arve d , b o t h  in  the p resence and absence o f  po ta to 

pee l .  Provis ion o f  5 %  sucrose solut ion d i d  n o t  s ign i f i can tly 

increase fecundity furthe r .  

The l i fe span o f  female mo ths ( females only reco rded ) was 

increased by the ava i l ab i l i ty o f  wa te r ,  compared to t hose s tarved , and 

further increased by the p rovis ion of sucrose solut ion . These 

d i f fe rences occurred whe ther po tato peel was present o r  no t ,  and a l l  

were s i gn i f i can t ( p  < 0 . 0 1 ) . Sta rved mo ths ( Fig . 6 (a )  and ( d ) ) l a i d  

their e ggs mo re rap i d l y  than mo ths pro v i ded w i th wa ter o r  sugar 

so lut ion ( Fig . 6 ( b ) , ( c ) ,  ( e )  and ( f ) ) .  

The presence o f  po tato peel in thi s  exper imen t d i d  no t increase 

fecund i ty or inf luence l i fe span (p  = 0 . 0 5 ) , no r i s  there any 

ind i c a t ion f rom Fig . 6  that i t  accelera ted egg depo s i t i on . 

Coe f f ic ien t s  o f  l inear corre l a t i on b e tween fecun d i ty and pupal 

we igh t are shown for  e a c h t rea tme nt in Ta b l e  16 . Th ere was a s t rong 

po s i t ive and s igni f i c ant correla t ion be tween fecundity and pupal we i gh t  

i n  a l l  t rea tmen t s  e xcept f o r  mo ths fed sugar so lut ion and not  exposed  

to  po ta to peel . 

The re su l t s  o f  Exper imen t (2 ) are summarised in Tab le 1 7  and 

F ig . 7 .  Mo ths con t inual ly expo sed to odou r of and con tact with po tato 

t ubers  ( Treatment  ( c ) ) l a i d  approxima te ly 40% more e ggs over the i r  l i fe  

span than mo ths p rovided wi th a co t ton woo l dummy ( Trea tmen t (a ) ) .  

The same effect  wa s produced wi th mo ths exposed to the odour o f  pota to 

tube r but p reven ted  f rom coming in con ta c t  wi th i t  ( Trea tment ( b ) ) .  

The se d i f feren ces we re s t a t i s t i ca l l y  s i gn i f icant ( P  < 0 . 05 ) . 
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( a )  No potato pee l . Moths s ta rved . ETso = 1 . 6  d ays . 
(b ) No potato p ee l . Mo ths fed d is ti lled  water . 

ETso = 2 . 2  days . 
( c )  No potato p ee l . Moths fed 5%  sucros e  solution . 
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Fig . 6 .  ( d )  Potato pee l . Mo ths starved . ET5 0  = 1 . 5  days . 
( e )  Potato pee l .  Mo ths f e d  d i s t illed wa ter . 

ET50 = 2 . 6  days . -.....! 

( f )  Potato peel . Mo ths fed 5 %  sucrose solution . w 

ET5 0  = 2 . 3  days . 
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Time to  5 0 %  ovipos i t ion ( ET s o ) wa s no t sign i f icantly reduce d  by 

expo sure to  o dour of or cont a c t  with potato t ub e rs . 

s imilar  for a ll groups o f  mo ths . 

Life  span was 

The results o f  Expe r imen t ( 3 ) , in wh ich the number o f  mo ths was 

doub l e d  compared to Experimen t ( 2 ) , a re summa rised in Tab l e  18 and 

Fig . 8 .  Trea tment ( d ) , which expo sed mo ths to the odour o f  potato  

tube rs , a l l owed access  t o  the i r  surface and  provided addi t ional 

ovipo s i t ion s i tes , resul ted  in twice as ma ny e ggs compared to  a co t ton 

wool dummy ( Trea tmen t ( a ) ) .  Ac cess to bare tubers , and o dour o f  

tube rs wi thout acces s , gave in t e rme diate e f fe c t s  ( Trea tments ( c )  and 

(b) respe c t ive l y ) . The s ign i f icance of d i ffe rences be tween 

t rea tmen t s  is indicated  in Table  1 8 . In a dd i t ion , expo sure to  o dour 

o f  po t a to tubers , and con ta c t  wi th them ( Tre a tments (c)  and ( d ) ) 

resul t e d  in s ign i fican t l y accelerated  depo s i t ion of eggs ( P  < 0 . 05 )  

compared t o  no odour and no access ( Trea tmen t  ( a ) ) ( ETs o s o f  3 .  7 and 

3 . 4  days c f .  5 .  7 days ) . 

Diss e c t ion o f  fema le mo ths a t  death showed tha t  tho se expo sed to  

a co t ton woo l  dummy had about three t imes as  many deve loped e ggs in 

the o va ries  (mean 2 5 . 9 )  a s  those exposed to po t a to tubers in the o th e r  

three t rea tments (means 7 . 3 - 9 . 3 ) .  Simi l a rl y ,  the p roport ion a t  

death o f  f emales with l e s s  than 8 ma ture eggs ( 1  pe r ova r io l e )  was only 

40% f o r  the  co tton woo l  dummy t re a tment , comp a re d  to 62  - 7 3 %  for  

the  o the r trea tments . 

DISCUS S ION 

Al though a few females  out o f  the ini t i a l  40 pa irs set  up und e r  

each treatmen t i n  Expe rimen t ( 1 )  fa i l ed to  l a y  eggs (maximum 4 ) , i t  i s  

clear  that ma t ing is no t dependen t o n  the p re sence o f  hos t  p l an t  

ma teria l . Whe the r such infe r t i l i t y  was due to  fai lure t o  ma te o r  to  

ma le o r  female steri l i ty wa s no t determine d .  

As the compl emen t o f  fully developed eggs i n  the ovaries a t  

eclos ion f rom the pupa was p reviously fo un d t o  be 6 8 . 7 ± S . E . 4 . 1 

(see Cha p t e r  IV Pa r t  1 ) , �os t  e ggs l aid by s ta rved mo ths in the presen t  

expe r imen t ( 8 3 . 8  ± 3 . 8 ) we re produced without much po s t-eclosion egg 
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Fig . 8 .  P a t terns of egg laying for Exp . ( 3 ) : 
( a )  No access to  potato tuber . No odour . 

ETso = 5 . 7 days . 
( b )  No access to  potato t ub e r . Odour . ETso = 4 . 2  days . 
( c )  Acc e s s  to  po tato tuber . Odour . ETso = 3 . 4  days . 
( d )  Access t o  po t a to t uber . Odour . Plus add i t ional 

ovipos i t ion s i tes . ETs o  = 3 . 7 days . 
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egg developmen t t aking place . The p rovision o f  water almo s t  doub l e d  

fecun d i ty and Labeyrie ( 1 95 7 )  repo r te d  a s imilar effec t . Howeve r ,  

in the p resen t  expe r imen t , provision o f  5%  sucrose solut ion rather 

than wat e r  alone d i d  n o t  sign i f icantly increase fecundity further . 

Thi s  d i f fers f rom Labeyrie ' s  ( 1 9 5 7 )  f ind ing that honey solution caused 

a subs t an t ial increase in egg p roduc t ion compa red to wa t e r  alone . 

I t  may b e  concluded tha t access to water al lows mobil i sa t ion o f  food 

reserves no t avai l a b l e  to s tarve d mo ths , but tha t maximum fecundity 

requires a ddi t ional nut rien t s  p rovided by  honey but  no t by sucro s e  

alon e .  

In  s ta rved mo ths and those al lowed a c cess t o  wa t e r  onl y ,  

fecun d i ty wa s po s i t ively co rre lated with pupal we ight , b u t  a s  repo r t e d  

i n  Chap t e r  IV , mo ths fed suga r so lut ion showe d  no such correlat ion i n  

the absence o f  po t a to tuber ma t e r ial . Howeve r ,  when p o t a to peel  was 

p resent there was a pos i t ive co rre la t ion be tween fecun d i ty and pupal 

wei gh t . The reason f o r  this i s  no t apparen t , s ince f e cun d i ty was 

no t increased by this  trea tment in the p resent experiment .  

Al though piece s  o f  po ta to peel did n o t  increase fecun d i ty i n  

Expe r iment ( 1 ) , t h e  resul t s  o f  Exper imen t s  ( 2 )  a n d  ( 3 )  show that 

expo s ure o f  mo ths to  who le po ta to tubers d i d  have a s igni f i cant posi t ive 

e f fe c t  on fecun d i ty . Th is d i f fe ren ce in re spon se cou l d  be  due t o  a 

quan t i t a t ive e f f e c t  brough t about by the greater bulk and continued 

presence of tuber ma terial , or to a qua l i t a t ive e f f e c t  o f  b io ch emical 

changes in cut po r t ions of pee l . The s t imulat ive e f fe c t  of po t a to 

tubers appears to  be p rima ri l y  one o f  odour but may be addi t ional l y  

enhanced b y  conta c t . 

I t  is concluded that al tho ugh potato  tuber mo th will l ay e ggs 

f re e ly in the ab sence of ho s t  plan t ma te r ial , maximum fecun d i ty i s  

achieved only in the presence o f  ho s t  plant t issue , when sui tably 

t extured ovipo s i t ion sub s t ra t e s  are ava i l able , and when moths have 

access to wa t e r .  



Tabl e  1 6 .  Influence o f  adult food • and po ta to peel on fe cundity and l i fe span and rela t ionship 

o f  fecund i ty t o  pupal we ight 

Number of Mean total eggs S ign i f icance  
Coe f f i c ient of  

l inear correlation 
Trea tmen t in fert;ile la i d  ± S . E .  o f  

to tal eggs laid 
pai r s / 4 0  ( n  = 4 0 )  d i f f e ren ce 

aga inst pupal weight 

,....; 
(l) p < 0 . 0 1 (l) 
p.,. 

0 No t fed 3 7 7 .  1 2  ± 5 . 02 B 
+.J 
t1l Fed wat e r  4 1 54 . 32 ± 1 1 . 2 6 A +.J 
0 
p.,. Fed 5 %  

2 1 6 2 . 4 5 ± 1 0 . 70 A 0 sucrose z 
-

,....; 
(l) Not fed 3 90 . 50 ± 5 . 5 1  B (l) 
p.,. 

0 Fed wate r  4 1 5 6 . 5 7 ± 1 0 . 7 5  A 
+.J 
t1l Fed 5 %  +.J 2 1 74 . 50 ± 1 1 . 1 7  A 0 sucrose p.. 

Values sharing the same l etter do not  differ sign i f ic an t ly . 

NS No t sign i f ic an t . 

* S igni f ic an t  P < 0 . 05 

* *  S ignif ican t  P < 0 . 0 1  

0 . 4 2 3  ** 

0 . 50 1  ** 

0 . 04 0  N S  

0 . 334 * 

0 . 4  7 2  * *  

0 . 5 59 ** 

Mean l ife span 
( females  on ly)  
in  days ± S . E . 

9 . 4  ± 0 . 5  

1 1 . 1 ± 0 . 4  

1 7 . 9  ± 0 . 9  

1 0 . 0  ± 0 . 4  

1 1 . 6  ± 0 . 3 

1 5 . 9  ± 0 . 9  

Mean pupal we igh t for  en t ire experiment (n 2 4 0 )  - 1 1 . 7 4 mg ± S . E .  0 . 1 2 ( range 5 . 92 - 1 6 . 8 5 ) . 

Sign if icance 
of 

differen ce 

p < 0 . 0 1 

c 

B 

A 

c 

B 

A 

-.....! 
CXl 

, 



Tab l e  1 7 .  Inf luenc e  o f  whol e  po t a t o  t ubers on f ecundity. 

Resul ts o f  Experiment ( 2 )  

7 9 .  

Treatment 
Mean to tal e ggs 

laid per 9 (n = 2 5 )  
Mean l i fe span o f  

females ± S . E .  

(a ) No access 

No o dour 75 . 1 2  9 . 6  

( c o t ton wool d ummy ) 

( b )  No access 
107 . 96 * 1 0 . 4  

Odour o f  potato tuber 

( c )  Access (bare t ub e r )  

Odour 
1 0 7 . 80 * 

* S i gn i f icantly greater than t rea tmen t (a)  ( P  < 0 . 05 )  

t S igni f i cantly less  than t re a tment ( b )  ( P  < 0 . 05 )  

8 . 7
t 

± 0 . 7 

± 0 . 4  

± 0 . 6  



Table 1 8 .  In f luence  o f  who l e  po tato t ubers on fecun d i ty. Re sul t s  o f  Expe r imen t (3 ) . 

Mean total Mean number 
Percen tage of 

Mean l if e  span 
eggs laid 

S igni f i cance 
of eggs in 

Mean to tal moths wi th < 8 
( females only) 

S igni f icance 
Treatment o f  egg eggs ( 1  per  of  

per 9 
dif f erences * 

ovaries a t  
p ro ductiont ova r io l e )  

i n  days 
d i f feren ce s *  (n  = 5 0 )  death 

at death 
± S . E .  

P<0 . 05 p< 0 . 0 1  p < 0 . 0 1  
( a )  No access 

No odour 7 3 . 2 0  c c 2 5 . 9  n=35 9 9 . 1 4 0 . 0 1 2 . 6  ± 0 . 5  A 

( Cot ton wool  dummy ) 

( b )  No access 
1 2 1 . 5 8  b AB 7 . 3  n=40 1 2 8 . 9 6 5 . 8  1 0 . 5  ± 0 . 4  B 

Odour o f  potato tuber 

( c )  Ac cess 

Odour 1 04 . 2 8 b B 7 . 5  n= 3 7  1 1 1 . 8 . 6 2 . 5  1 0 . 6  ± 0 . 3 B 

( Bare t uber)  

( d )  Ac cess 

Odour 
1 4 1 . 84 A 9 . 3 n=40 14 9 . 3  7 3 . 0  1 0 . 0  ± 0 . 4  B a 

plus addi t ional 

ovipo s i t ion s i tes 00 
0 

* Val ue s  sharing the same let ter do not d i f fe r  s igni f i cant l y .  

t To tal o f  eggs laid plus eggs in ova r ies a t  death . 
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Chap t e r  VI  

S TU DIE S O N  LARVAL BEHAVIOUR WITH RES PECT TO PLANT TIS S UE 

Eggs o f  Potato Tuber Mo th appear no rma lly to be l a id under 

field  cond i t ions directly  on hos t  p lan t s  sui t ab l e  for the larvae , 

though Traynier ( 1 9 75 )  repo r t e d  tha t a high p roport ion may b e  l a i d  

i n  soil  adj acent to  ho s t  plants ra ther than on the plan t s  themselve s . 

The ab i l i t y  o f  newly hatched f i r s t  instar  larvae to  locate hos t  

p lan t s  and t o  dis t inguish be tween suitab l e  and non-sui tabl e  plan t s  

may n o t  therefore be  s t rongly developed . There is n o  p revious 

pub l i shed info rma t ion on this aspe c t . Yamamo to ( 1 9 74 ) has p ro duced 

evidence that newly ha tched l a rvae o f  Tobacco Ho rnworm a re somewha t 

na ive w i th respe c t  to  food p l an t s  and wil l accept a wider range o f  

species t han o l de r  larvae . Yamamo to sugge s t s  tha t preference i s  

large ly induced according t o  the plant spe c ie s  o n  which t he larva 

f i r s t  f e d . 

I f  f irst  instar larvae have to locate hos t p lan t s ,  the dis tanc e  

tha t they can move , an d the i r  abi l i ty to survive wi tho u t  feeding 

under var ious con d i t ions are also o f  relevance . These features have 

ther e f o re been s tudied in p re l iminary expe rimen t s  together w i th 

o r ien tational response to  l i gh t and mo i s t ure . 

1 .  P RELIMINARY EXPERIMENTS 

MATERIALS AND METHODS 

Newly hat ched (< 4 h o l d )  f i r s t  instar larvae tha t had no t fed 

o r  had contact wi th plant ma te rial were use d fo r all experimen t s . 

Individual larvae were used once only , then di scarde d . Experiments , 

unl e s s  o the rwise s t a te d , we re conduc ted a t  room tempera t ure , whi ch 

ranged 2 0-2 5° C ,  and a t  amb ien t humidi ty , in d i f f use daylight . 
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Response to l igh t  

Five 5 . 0  c m  pe t r i  dish ba ses were placed o n  a win dow bench o u t  

o f  d ire c t  sun l i ght . Ten first  ins tar larva e were placed into the 

cen t re of each dish wh i ch was then closed with hal f  of a l arger 

petri  d i sh . The e dge s o f  the sma l l e r  d ishes had been groun d  to  

ensure a t igh t fit  and preven t l a rvae e scap ing . Af t e r  30 minutes 

the number  of l a rvae in each hal f o f  each dish was coun t e d ; e i ther 

towards the win dow or away f rom i t .  

Response to  mo i s ture 

Pieces o f  f il t e r  paper 2 . 0  x 1 . 0  cm were pl aced ve r t ically on 

oppo s i t e  sides of 5 . 0  cm pe t ri dishes . One piece o f  paper in each 

case was mo is tened wi th a drop o f  d i s t i l l e d  wa ter . The d ishes we re 

so arranged tha t a l ine conne c t ing the two p i eces of f i l te r  paper 

was at r igh t an gles  to  l i gh t f rom the window . Ten l arvae were 

placed in the cen t re of each dish wh ich wa s then closed with half o f  

a larger d ish . The posi tion o f  the la rvae was assessed a f ter 1 5  

minutes as , o n  o r  behind the f i l te r  pape r ,  o r  elsewhe re . 

Ra te o f  movemen t 

Groups o f  5 f i rs t  ins tar l a rvae we re p laced in the cen t re o f  a 

large shee t o f  whi te ca rd . The dis tance tha t each t rave l l e d  a f t e r  
� e � e  

5 minutes was measured . Da ta for  2 0  l a rvae was reco rde d .  

Surviva l o f  1 s t  in s tar la rvae a t  d i f fe rent 

re l a t ive humid i t i es and t empe ra tures 

Sulphuri c  a c id solut ions were p repa red to provide relat ive 

humi d i t ie s  of 2 0 ,  4 0 , 50 and 80 pe r cent (So l omon 1 95 1 ) and p l aced in 

500 g wide mouthed j a rs .  La rvae were conf ined in 5 x 1 . 5  cm glass 

tubes wi th pe rforated s toppe r s  cove re d with fine organ d i e .  Ten 

larvae were pla ced in each t ube , the tubes suppo rted above the 

sulphuric a c i d  solut ion and the con tainers sea l e d .  Each humid i ty 

t reatmen t was run a t  1 5 ,  20 and 2 5° C.  The experimen t wa s conducted 
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in darkness exce p t  f o r  da ily asses sment .  The number o f  l a rvae l ive 

and dead in e a ch tube was coun ted every 24 h un t il all the l a rvae had 

died .  Cumul a t ive percen tage mo r t a l i ty was calcul a ted for each 

temperature and humid i ty and p lo t te d  agains t  t ime . 

RESULTS AND DISCUS S ION 

Re sponse to  l ight 

The resul t s  o f  this experimen t are given in Tab l e  1 9 . In 

eve ry rep l i cate  mo re l a rvae move d t owa rds t he l ight than away f rom i t . 

Also the to t a l  f i gures o f  38 towa rd s  an d 1 2  away f rom the l ight a re 

outs ide the 9S% con f i dence l imi t s  o f  b inomia l  d is tribut ion f o r  SO% 

e f fe c t  ( 32 : 1 8 )  and a re thus un l ike l y  to  be due to chan ce . It may be 

concluded that 1 s t  instar larvae showed a po s i t ive pho t o t a c t i c  

response under the experimen tal con d it ions . 

Response t o  mo i s ture 

No l a rvae out  of a to tal of SO tested were loc a t e d  on the moi s t  

f i l t e r  paper a t  the end o f  the t e s t  period compa red to  4 o n  the dry 

samples . De t a i l s  a re given in Tab l e  2 0 .  Fir s t  ins ta r  l a rvae 

there fore showed no response to mo i s ture un der the exp e r imen tal 

condi t ions . Moi s ture con tent o f  p l an t  samp l e s  is thus unl ikely to  

comp l icate  b ehavioura l responses wi th respe c t  to  them ( se e  second 

part of this  chapter) . 

Ra te o f  movement 

The mean dis tance moved by 2 0  larvae wa s 1 7 . 0  ± S . E .  1 .  7 cm in 

the t e s t  p e r iod o f  S minute s ,  wi th a range o f  S . S  - 2 8 . 3  ems . 

Over a p e r iod o f  24-48 h ,  wh ich i s  the l ike ly surviva l t ime wi tho u t  

feeding ( s ee n e x t  se c t ion) larvae coul d t h e re fo re t rave l  several 

met re s  tho ugh they a re un like ly to move a ll of the t ime . 
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re la t ive humi d i te s  and temperatures 
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Res ul ts o f  this expe rimen t are p resent e d  in the f o rm o f  

mo rtal i ty c urves i n  Fig . 9 .  The curves are s t eep in a l l  cases 

(less  so for 1 5° C )  so that once l a rvae s tarted to die un der one s e t  

o f  cond i t ions the rema inder i n  that group rapidly d ied a l so . At 

20° and 2 5° l a rvae were con t inua l l y  a c t ive so the cause of death may 

have been dep l e t ion of ene rgy s to re s  and thus dif fe ren ce s in humid i ty 

made l i t t l e  d i f fe ren ce to the pa ttern o f  mo r ta l ity . At  1 5° howeve r ,  

l arvae were inac tive ( they had t o  be warmed to 20-25° be fo re 

asse s sment s  could be made ) and a t  this tempera ture mo rtal i t y  

increased with decreas ing humi d i ty .  I n  t h i s  case dehydra t ion may 

have b een the maj or mo rtal i ty f a c to r .  

2 .  B EHAVI OUR OF 1 s t  INSTAR LARVAE IN THE 

PRESENCE OF PLANT MATERIAL 

Exper imen ts we re conducted to de t e rmine the abi l i ty o f  newly 

hatched 1 s t  ins tar l a rvae to l o c a te plan t t i s sue when released in 

close p roximi ty to i t  and to d i s t i nguish be tween hos t  and non-ho s t  

plan t s . 

MATERIALS AND METHODS 

Newly ha t ched 1 s t  ins tar la rva e we re used for a l l  experiment s  

as desc r ibed i n  the p revious s e c t ion . Al l experiment s  we re 

condu c t e d  in d i f f use dayl ight at 20-25° C .  

( a )  Response of 1 s t  instar l a rvae to po r t ions of plant 

t i ssue and to s o lvent extrac t s  of plant t issue 

5 . 0  cm pe t r i  dishes were se t up wi th a 2 . 0  x 1 . 0  cm piece o f  

plant leaf  o r  o ther t issue vert ical ly on one side and a s imi lar sized  

p i ece o f  mo ist  f i l te r  pape r on  the oppo s i te side . S imilar tests  were 

run wi th so lven t ext rac ts of pl an t  t i s sue ( see Chap t e r  I V ,  sect ion 4 )  

f rom some plan t  species , app l ied to pieces o f  f i l ter pape r . 
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The sol ve nt was a l l owed to  evapo rate comp l e t e ly f rom the samp l e s  

before t e s t s  were set  up . 

appropriate s o l ven t . 

B lank samples we re t rea ted wi th the 

To de t e rmine whether a visua l  componen t  was of impo r tance in 

l arvae l o ca t ing p l an t samp l es , te s t s  were run with seve ral p l an t s  

in which t h e  samples  we re p laced ve r t ica l ly again s t  the outside o f  

the d ish , ra ther than i n  a co rre sponding pos i tion ins ide . Such t e s t s  

we re a l so con du cted wi th so l ven t extra c t s  o f  these plan ts .  

The d i shes were ar ranged wi th respect t o  window l i ght a s  

described for  tes t s  o n  response to mo i s ture . Ten first  ins ta r  

l a rvae were in troduc e d  in to the cen t re of  each d ish whi ch was then 

c l osed w i th h a l f  of  a la rger pe t ri d ish . The po s i tion o f  the l a rvae 

was coun t e d  a f t e r  5 ,  1 0 ,  15 and 30 minutes as  - on plant samp l e ,  

on f i l te r  pape r ,  o r  el sewhe re . 

In the case o f  samp l e s  outside the dish ,  l a rvae were counted  

as  "on " the  sample i f  they were l o ca ted adj a cent  to  it  inside  the 

dish . Each tes t was repeated ten t imes . 

( b )  Tes t s  to de termine d i re c t ion o f  i n i t i a l  movemen t 

o f  l a rvae 

Three p lan t species tha t showed s t rong  po s i tive ( po tato , egg 

p lan t and tobacco ) and two tha t showe d s t rong negat ive e f f e c t s  

(bean a n d  radi sh )  i n  t e s t  ( a )  we re evalua te d  to determine the 

d i re c t ion of in i tial  movemen t of individua l l a rvae when released a t  

measured d i s tan ce s from test  samp le s .  The t e s t  arena was a 5 . 0  cm 

p e t r i  d i sh s e t  up as  described in ( a )  above . 

The d i shes we re p laced on pape r on wh ich concen t ri c  rings a t  

1 cm spac in g  had been d rawn cent red on the po s i t ion o f  the tes t s amp l e .  

Indivi dua l l arvae we re tested  by re l easing them a t  a s e t  d i s tance 

( 1 ,  2 ,  or 3 cm) f rom the t e s t  sample , clo sing the d ish immedia tel y ,  

then observ ing whe the r the l a rva moved towards o r  away f rom the samp l e  

during i t s  first  1 cm o f  movemen t .  I t s po s i t ion a f te r  5 minutes was 

a l so recorded . Fi f ty larvae we re tes ted a t  each o f  the three d i s tan ces  

for each p l an t  species . 
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A s impl e  Y-tube o l factome t e r  was con s tructed from glass t ub ing 

of I . D . 0 . 6  cm as shown in Fig . 1 0 . Air movement through the 

apparatus was p rovided by means of a 5 L aspira to r .  Flow rate was 

adj us t e d  to give an air speed o f  approxima tely 4 cm/ se c  through the 

stem of the Y-tube . Preliminary experimen t a t ion showe d that i f  the 

Y-tub e  was orien tated with the a rms towards t he window , l arvae moved 

pho t o t ac t i ca l l y  f rom the s tem into the ext remi t ies o f  the a rms . 

In init i a l  t e s t s  counts  o f  the pos i t ion o f  larvae were mad e  eve ry 

10  minut e s  ove r one hour . 

t ime to run a t e s t . 

Forty minutes was chosen as a sui tabl e 

B a t ches o f  1 0  l arvae we re used for each tes t .  I f  l e s s  than 6 

larvae r esponde d ,  i . e .  failed to  move out o f  the s tem o f  the Y-tub e , 

the resul t s  were d iscarded . Tes t s  were con t inued wi th each plant 

species un t i l  a minimum o f  5 0  responding larvae had been recorded .  

RESULTS 

The resul t s  o f  tests to determine the response o f  f i r s t  ins t a r  

l arvae t o  po rt ions o f  plan t  ma t e rial when samples wer e  presen t e d  

ins ide t he dish a re given i n  Tab le 2 1  and resul ts o f  s imilar tes t s  

with solven t ext rac t s  o f  some plan t s  i n  Tabl e  2 2 . The resul t s  o f  

t e s t s  with samp l e s  o f  plant ma terial and o f  solvent extracts  p resented 

outside the dish are given in Table 2 3 .  

Resu l t s  o f  t e s ts to det e rmine in i tial direc tion o f  movemen t o f  

larvae with respec t  to potato , tobacco , egg pl ant , b ean and radish 

l eaves a re summa rized in Tab l e  2 4 , and o f  o l fac tome t e r  t e s t s  in 

Tabl e  2 5 .  

DIS CUSS ION 

In t e s t s  with port ions o f  plan t ma terial placed inside 5 . 0  cm 

petri dishe s , mo s t  larvae loca ted samples  of known " good" hos t  plants 

(pota to , egg plan t , tobacco - see Table 9)  after 15 minutes . 



plant sample or fi lter paper blank 

---

direction of window light 

larvae re leased here 

to aspirator 

f ine organdie 

Fig . 1 0 .  Des ign of olfactometer for t e s t s  with 1 s t  ins tar larvae . 

CX> 
CX> 
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The n umbers increased only s l ightly mo re after 30 minutes . With 

pota to , s imilar resul ts were obtained with l ea f ,  p eel and s tem 

surface samp le s . Tobacco gave highes t  e f fect with 1 00 per  cent o f  

the l a rvae o n  the samples a f ter 15  minutes . Larvae showed only 

mo derate inte r e s t  in toma to , with l i t tle  over 50 per c en t  on the 

s amp les a f t e r  30 minutes . Mos t  known non-ho s t  plants were c l early 

of no intere s t ,  though in all  cases mo re larvae were re co rded  on 

p l an t  samples than on the blanks (mo i s t  fil te r  paper) . 

In some cases ( e . g .  bee t and rye gras s )  the numbe rs o f  l a rvae 

on the samples  p rogressively de creased f rom 5 to 30 minutes .  Two 

exceptions to  non-posi tive resul ts fo r known non-host p lant s  we re 

pea and ryegras s  whe re app reciab l e  per centages o f  larvae were recorded 

on the samples . 

When s imilar tests  were run with leaf samples placed outs ide 

the dish , posi tive resul ts were s t i l l  o btained  with the two host 

p lants tested ( egg p lant and tobacco ) but a t  a lower l evel compared 

to  samples ins i de the d ish . The two non-host p l ants tested ( bean 

and radish ) , also gave positive resul t s  outside the d ish whi ch in 

this case were greater than when sampl e s  o f  the same p lan t s  were 

tes ted inside the dish .  The se re sul ts suggest that there is a visua l  

component in l a rva l location o f  plan t ma terial and tha t t h e  non-hos t  

p l ants  bean and radi sh may possess chemi cally  repellent p rope rties 

which are rende red inoperative when s amples are p laced outs ide the 

d ish . 

Solven t extra c t ion of  leaves o f  egg plant and o f  tobacco by 

surface washing with pe t ro leum e the r or chlo ro form was no t e f fe c t ive 

in ext racting the factors respon sib l e  for aggregation of l arvae excep t 

for  chloro f o rm tteatmen t o f  tobacco wh ich was s l ightly a c t ive . 

Macera tion and extract ion with methanol p ro duced ac tive extracts in 

all cases incl uding bean and radish . Repe l l en t  prope rties of whol e  

leaf o f  the l a t t e r  two p lants may thus have been lo s t  i n  the 

extrac t ion and sample concen tra tion p roce dures . 

Solvent  extracts were no rmally tested on dry f i l t e r  p aper a f te r  

the solven t h a d  evapora ted . Mo is tening o f  the paper so  treated 

s l ightly in c reased the effec tivenes s  o f  the tobacco leaf s ample , the 

only one eval ua ted in this way . 
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Solvent extracts showe d s ligh t  a c t ivity when app l ied to 

f il t e r  paper samp les placed outside the dishes , but in all  cases the 

e f f e c t  was cons ide rably less than for co r respon d in g  who le l ea f  samp le s . 

There thus appears to be some spect ral p rop erty o f  whol e  leaf whi ch 

i s  no t adequa tely reproduced  when the leaf  p igment s  are extra c t e d  

(apparently comp le t ely,  as  t h e  res idue was almo s t  co lourless in 

each case ) and depo s i ted onto f i l te r  pape r .  

The resul t s  o f  the above tes t s  gave n o  indica tion whe ther 

l a rvae which con grega ted  on p l an t  samples  were a t t rac t e d  f rom a 

dis t ance , o r  whe ther loca t ion o ccurred b y  chance fol lowing random 

movement though there is some sugges tion tha t  they may be rep e l l e d  by 

non-ho s t  p l an t s .  Tes t  (b ) , which recorded dire c t ion o f  ini t ia l  

movement fo l lowing release a t  s e t  dis tances an d (c ) o l fac tome t e r  

t es t s , were des i gned t o  p rovide info rma t ion o n  this poin t .  The re 

was s light evi dence in some cases ( po t a t o  pee l , tobacco ) tha t mo re 

larvae moved towa rds host p l an t  samples f rom c loser dis tances than 

wi d e r  one s  but in only two ins tan ces ( po t a to s tem and tobacco f o liage 

each a t  1 cm) d i d  resul ts exceed the l imi t s  o f  p robab i l i ty e xpe c te d  

b y  chance . S imilarly , there was n o  evidence o f  movement away f rom 

the two non-hos t  plan t s  t e s t e d  (bean and radish ) when larvae were 

rele ased at  1 cm dis tance . 

Olfac tome ter tes t s  a l so gave no evi den ce o f  a t t rac t io n  to  hos t 

p l an t s  but a s l ight deg ree o f  repel l en cy was exhibi ted by the three 

non-hos t  plan t s  teste d ,  though only when the l eaves we re crushed in 

the case of bean and ra dish.  Beet gave an anomalous resul t in that 

in t a c t  leaf was somewha t repellent but showe d no effect when crushe d . 

S t rongly repe l l ent samp le s  would presumab ly have rendered o l f ac to­

me t e r  t e s t s  inopera t ive if they preven t e d  larval movement f rom the 

s t em of the Y into the arms . 

The re i s  no sub s tan t ia l  evidence f rom this evalua t ion t o  

indicate tha t f i r s t  ins t ar l a rvae a r e  a t t racted to host p lant t is su e .  

Lo cat ion appea rs t o  be p rima r ily b y  random movemen t , whi ch i s  vigorous 

immediately a f t e r  ha tching,  and chan c e  loca t ion , though repe l l ency by 

non-ho s t  p l an t s  could be an add i t iona l  f a c t o r .  In addi t ion , 

accep tab l e  plants mus t  possess some arres tant factor whi ch una c cep tab l e  
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p lant s  do no t ,  so tha t larvae remain after contac t with them but 

cont inue movement a f t e r  en co un t e r  with unacceptabl e  species . 

3 .  FEEDING ACCEPTANCE OF PLANT SPECIES 

The tests des cribed in Pa rt  2 of this chap ter p rovided 

informa t ion on ly on larval movemen t wi th respect to hos t and non­

ho s t  p l an t  t i s sue . They did n o t  determine whe ther feed ing took 

plac e .  Fo r th i s  purpose a te s t  of  longer dura t ion ( 4 8  h ) was 

required . The ma in question to  be answered was whether newly 

hatched f irst  ins ta r  la rvae inh e r i t  the ab i l i ty to d i s c r iminate 

between p l an t  species or whe ther they are na ive in thi s  respe c t .  

MATERIALS AND METHODS 

Var ious metho ds of confining f i rs t  instar larvae with portions 

of  p lant lea f we re t ried , e . g .  discs  of leaf in glass vials , but were 

discarded as unsa t i s factory,  e i ther because the plant ma terial dried 

out too rap i d l y  or because of excessive condensation in whi ch l a rvae 

tended to drown . The fol lowing techn ique was f inal l y  a dopted . 

One per  cent aga r wa s poured to a dep th o f  3-4 mm in p la s t i c  

petri-dishes . When se t ,  f o u r  d i scs per  d i sh were removed f rom this 

wi th a n  18 mm co rk bore r .  S imilar sized discs or po r t ions o f  leaf  

mater i a l  we re p laced in to the holes  so  forme d .  Five f i rst instar 

larvae were placed onto each por tion o f  leaf wh i ch wa s then cappe d 

with a s l i ghtly  1a rger cel l ul o id ring covered with fine o rgandi e  to  

p reven t the larvae e scap in g .  The en t i re d i sh was then closed with 

the l i d  which wa s pe rfo ra te d  wi th four sma l l  holes to p rovide 

addi t ional ven t il a tion . The d ishes were held in darkness for 4 8  h 

a t  25°C .  Plan t  samples prepa re d in this way retaine d turgi d i ty and 

genera l ly did not di scolour . 
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Assessmen t s  were made a t  2 ,  2 4  and 4 8  h .  At each o f  these 

interva l s , the number of  larvae feeding ( t unnel l ing wi thin the leaf  

and  showing feed ing movemen t s )  was recorded by  examina t ion o f  the 

unopened d ish through the base us ing sub-s tage i l lumina t ion with a 

stereo zoom micro s cope . In add i t ion , a t  4 8  h ,  when the t e s t  was 

con c l uded , the number o f  la rvae dead on each leaf disc was coun ted  

and an eye es t ima t e  ma de o f  the  percen tage l ea f  area consume d .  

Tes t s  were conduc ted  wi th a l l  o f  the plant spec ies eva lua ted for  

behavioural response o f  la rvae and  a l so w i th a number o f  o ther 

Solanaceous and non-So lanaceous p l an t s . 

each specie s .  

S O  larvae were t e s te d  with 

RESULTS AND DISCUSS ION 

The res ul t s  of fee ding t e s t s  wi th f ir s t  ins tar la rvae are 

given in Table 2 6 . On "good" hos t  plants (po tato , tobacco , egg 

plan t )  larvae s t a rted feeding rapidly (mo s t  wi thin 2 h and > 90% by 

2 4  h ) . The odd resul t tha t  fewer were feeding on these spec ies  

a f te r  4 8  h ,  was because some larvae had  s ta r ted to  mou l t  to second 

ins t a r  by this t ime and ha d become quiescen t .  Of the o ther 

So l anaceous plan t s  t es ted , toma to and nightshade were poorly accepte d ,  

S chi zanthus very poorly and Petunia not a t  a l l . Sa lpi glo s s i s  (not 

p reviously recorded as a host plan t ) was we l l  accepted . 

Among the p lant fami l ies Convolvulaceae and Scrophul ariaceae , 

which are classif ied by Rendle ( 1 9 2 S )  and Manning ( 1 96S ) a s  those 

c lo se s t  to the Solanaceae , one genus of  Convolulaceae ( Ipomea)  was 

moder a t e ly we l l  �ccep ted , but the o ther genera tes ted hardly a t  a l l .  

With the more d i s tan t ly related p l ants  from a va r iety o f  fami l ies , 

a l l  were virtua l l y  rej ec ted with the exce p t ion o f  pea on which 2 0  out 

of S O  l arvae fed . 

The amount o f  leaf ma ter ial ea ten a f t er 4 8  h was in p ropo r t ion 

to  the number o f  larvae feed ing and rea ched l S -20% fo r the mo s t  

favourab l e  p lan t s . A sma l l  amoun t  o f  leaf  ma terial was consume d in 

almost eve ry cas e ,  though feeding did not cont inue , as though l a rvae 
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On favourable plant spec ies , nil  o r  negl igible mo rtal i ty o f  

l arvae o ccurred dur ing the test per iod but with increas ing 

unacceptab i l i ty of plan t  spec ies , mo rtal i ty increased . The degree 

of mor t a l ity on una cceptable spec ies was c omparable to tha t o b t a ined 

under s tarva t ion conditions ( s ee Part ( 1 )  of  this Chapte r )  so l ack 

of food was probab l y  the main mo rtal i ty fa c to r  rather than tox i c i ty .  

I t  is clea r  f rom these res ults  tha t f ir s t  insta r larvae hatch 

with the inherited abi l i ty to d i s t inguish be tween hos t  and non-hos t  

p lants , though the par tial accep tance of  pea i s  an anomaly . 

The results o f  feeding accep tance ( Table 2 6 ) correlate wel l  wi th 

the results of the p lant loca t ion tes ts given in Table 2 1 ,  including 

the anomalous performance of  pea as a non-ho s t  plan t .  
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Tabl e  20 . 

Response of 1 s t  instar larvae to l igh t  

Po s i t ion a f te r  3 0  minutes 

Rep l i cat ion Window s i de Room s ide 

1 7 3 

2 8 2 

3 6 4 

4 9 1 

5 8 2 

TOTAL 38 12 

Re sponse of 1 s t  ins tar la rva e to mo i s ture 

Posi t ion a f t e r  15 minutes 

94 . 

Re plicat ion Dry samp le Mo i s t  sample Elsewhere 

1 1 0 9 

2 1 0 9 

3 1 0 9 

4 0 0 1 0  

5 1 0 9 

TOTAL 4 0 46  
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Tab le 2 1 .  ResEonse of 1 s t  ins tar l a rvae to port ion s o f  El an t  

t i s sue - samples inside d ish 

Numbe r  o f  la rvae i n  each pos i t ion 
( 1 00 l arvae t e s t e d )  

Plant ma terial Elapsed t ime Sampl e  B l ank El sewhere 
(minute s )  

Po t a t o  (leaf ) 5 5 6  0 4 4  

1 0  69  0 3 1  

1 5  80 0 2 0  

30 86 0 1 4  

P o t a t o  ( peel ) 5 65 1 34 

10 78 0 2 2  

1 5  8 4  0 16  

30  90  0 1 0  

Potato  5 6 4  3 3 3  
( s t em surface ) 

1 0  8 0  1 1 9  

1 5  8 7  1 1 2  

30 90  1 9 

Egg p lant 5 6 8  2 30 

1 0  8 3  1 1 6  

1 5  8 7  0 1 3  

30 94 0 6 

Tob a c co 5 9 7  0 3 

1 0  9 8  0 2 

1 5  1 00 0 0 

30 1 00 0 0 

Tomato 5 5 4  2 4 4  

1 0  5 9  1 4 0  

1 5  5 7  1 4 2  

30 5 5  0 4 5  

cont inued/ . . .  
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Tabl e  2 1  ( cont inue d )  

Numbe r o f  la rvae in each Eo s i t ion 
( 1 00 larvae t e s ted)  

Plant ma t e rial Elapsed t ime Sample  Blank Elsewhere 
(minu tes) 

Bee t 5 33 1 66 

1 0  2 8  0 72  

1 5  2 2  0 7 8  

30 1 9  2 7 9  

Bean 5 1 3  0 8 7  

1 0  6 0 94 

1 5  7 2 9 1  

30 6 1 93  

Pea 5 54 2 4 4  

1 0  5 6  1 4 3  

15 6 3  0 3 7  

30 4 3  0 5 7  

Radish 5 4 0 9 6  

10 1 0  0 90  

15  5 1 9 4  

30 5 0 9 5  

Ryegrass 5 40 3 5 7  

1 0  35 1 64  

15  35 2 6 3  

30 2 7  1 72  
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Tabl e  2 2 .  Reseonse o f  1 s t  instar larvae t o  solvent extra c t s *  

of elan t t issue app l ie d  to fil t e r  eaeer - sameles  

inside d i sh 

Numbe r  o f  larvae in each eo s i tion 
( 1 00 larvae t e s ted ) 

Sampl e  Elapsed t ime Samp le Blank Elsewhe re 
(minutes ) 

Egg plant 5 1 3 96  

surface ext rac t 1 0  2 7 9 1  

pet . e ther 1 5  4 9 8 7  

30 4 4 92  

Egg plant 5 4 9 8 7  

sur fac e  ext rac t 10 6 9 8 5  

chlo ro fo rm 1 5  1 2  9 79  

30 6 1 4  80 

Egg p l an t  5 2 6  4 70 

to tal  extract 10 2 8  2 70 

me thanol 1 5  30 4 6 6  

30 26  4 72 

Tobacco 5 4 9 8 7  

surface extract  1 0  8 9 8 3  

pet . e ther 1 5  2 1 3  85 

30 4 6 90 

Tobacco 5 2 0  1 1  69 

surface extract 10 2 2  8 70 

chlo ro form 1 5  24 9 6 7  

3 0  2 9  6 6 5  

Tobacco 5 42  1 5 7  

to tal extract 1 0  4 8  2 5 0  

me thanol 1 5  4 3  0 5 7  

30 4 3  2 5 5  

cont inued/  . . •  

* Fo r details  o f  prepara t ion o f  extra c t s  see  Chap ter IV , Sect ion 4 .  
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Table 2 2  ( continue d )  

Numb e r  o f  la rvae in each J:lO S i t ion 
( 1 00 larva e tes ted ) 

S ample E l apsed t ime Samp l e  B lank E l sewhere 
(minutes ) 

Tobacco 5 42 0 5 8  

t o t a l  extrac t 1 0  s o  1 4 9  

me thano l ( samp l e  1 5  54 0 46  

mois tened with wa t e r )  30 62 0 38 

Bean 5 30 5 65 

t o tal ext rac t 1 0  1 6  1 8 3  

me thanol 1 5  1 9  5 7 6  

30 1 6  2 82 

Rad ish 5 1 9  2 7 9  

to tal ext rac t 1 0  24 3 7 3  

me thanol 1 5  2 5  5 70 

30 2 3  4 7 3  
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Table 2 3 .  Response o f  1 s t  instar la rvae t o  Eo r t ions of El an t  t issue 

and t o  so lvent ext racts (me thano l )  applied t o  f i l te r  

paper - samples outs ide dish 

Samp l e  

Egg p lant l ea f  

Egg plant leaf 

me thanol extra c t  

Tobacco leaf 

Tobacco lea f  

me thanol extra c t  

Bean leaf 

Bean leaf 

methanol ext ract 

Number 

Ela psed t ime Sample 
(minute s )  

5 3 3  

1 0  3 5  

1 5  3 5  

3 0  3 3  

5 5 

1 0  5 

1 5  1 2  

30 7 

5 3 7  

1 0  2 9  

1 5  2 7  

30 25 

5 1 8  

1 0  1 9  

1 5  2 1  

30 1 5  

5 2 0  

1 0  2 3  

1 5  2 1  

30 1 2  

5 8 

1 0  1 5  

1 5  1 2  

30 1 0  

WASSEY UNIVERSLn 
L1B.IAR.l 

o f  l a rvae in each EO s i t ion 
( 1 00 larvae tested)  

Blank El sewhere 

1 6 6  

3 62  

2 6 3  

2 6 5  

4 9 1  

2 9 3  

1 8 7  

3 9 0  

4 5 9  

1 7 0  

3 7 0  

0 7 5  

4 7 8  

1 8 0  

2 7 7  

2 8 3  

1 7 9  

0 7 7  

3 7 6  

1 8 7  

0 92 

1 84  

2 8 6  

1 89  

cont inued / . . .  



Tab l e  2 3  ( cont inued)  

Sample  

Rad ish l ea f  

Ra d ish leaf 

me thano l extract  

Elapsed t ime 
(min utes ) 

5 

1 0  

1 5  

30 

5 

1 0  

1 5  

30 

100 . 

Numb e r  o f  la rvae in each po s i t ion 
( 1 00 larvae tes ted)  

Samp l e  B lank Elsewhere 

18  4 7 8  

36 1 6 3  

34 1 6 5  

3 1  0 6 9  

7 3 90  

9 2 8 9  

1 5  0 8 5  

1 1  1 8 8  
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' Ta bl e  24 . Re sul t s  o f  t e s t s  to determine d i re c t ion o f  in i t ia l  movement 

o f  la rvae wi t h  respec t to p lant t is sue - samples ins ide dish 

Di s t ance o f  Di rect ion o f  ini t i a l  Numbe r o f  l a rvae in each 
rele ase f rom movement with  re spe c t  po s i t ion a f t e r  5 minutes . 
p lant sample  to  plan t samp le (50 larvae t e s te d )  

cm Towa rds Away f rom Sample Bl ank Elsewhere 

Potato 1 26 24 3 3  0 1 7  

( l e a f ) 2 1 6  34 1 7  4 29  

3 22 28 22 5 2 3  

Po t a to 1 2 9  2 1  2 6  0 24  

( p e e l )  2 2 3  2 7  1 3  0 3 7  

3 1 7  33 1 2  0 38 

Potato 1 38 1 2  34 0 1 6  

( s t em) 2 24  26  32 0 1 8  

3 2 8  2 2  33 0 1 7  

Egg plant 1 2 8  2 2  39 3 8 

2 1 9  3 1  30 2 1 8  

3 2 0  30 2 7  4 19 

Tob acco 1 3 7  1 3  4 7  0 3 

2 3 1  1 9  34 5 1 1  

3 22 2 8  4 0  0 1 0  

Bean 1 * 2 7  2 3  1 1  1 3 8  

Radish 1 * 2 6  2 4  1 3  1 36 

9 5 %  conf iden ce l imi ts for SO% 
e f fect  on sample  s i ze 5 0= 32 : 18 

(binomi al dist ribut ion ) 

* On ly dis tance tes ted . 
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Tab l e  2 5 . Re sul t s  o f  ol fac tome t er t e s t s  with f irst ins t a r  la rvae 

Number  o f  larvae in each a rm 
a f t e r  4 0  minutes  

( percen tages in b racke t s )  

Sample B l ank 

Potato ( leaf ) - in tact  2 9  (4 7 )  3 3  ( 5 3 )  

- crushed 2 3  (4 0 )  35 ( 60 )  

Potato (pee l ) 30 ( 5 9 )  2 1  ( 4 1 )  

Tobacco - in tact  32 ( 5 0 )  32 ( 50 )  

- crushed 2 4  ( 4 5 )  2 9  ( 5 5 )  

Beet - in tact  * 1 3  ( 2 5 )  3 9  ( 75 )  

- crushed 2 6  ( 5 2 )  2 4  ( 4 8 )  

Bean - in tact  2 9  ( 4 6 )  34  ( 5 4 )  

- crushed * 1 8  ( 30 )  4 2  ( 70 )  

Ra dish - intact  28  ( 5 2 )  2 6  ( 4 8 )  

- crushed * 1 6  ( 2 8 )  4 1  ( 7 2 )  

Con t ro l  ( f i l t e r  paper v .  
5 1  ( 55 )  42  ( 4 5 )  

f i l te r  pape r )  

9 5 %  conf idence l imi ts f o r  
5 0 %  e f fe c t  o n  sample 

size 5 0  ( 36 )  ( 6 4 )  

size 100 ( 4 0 )  ( 60 )  
( binomia l d i s t ribu t ion ) 

* Out s ide 9 5 %  conf idence l imi t s . 
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Tab le 2 6 . Acceet ance for feeding o f  various elant sEecies by 

newly ha tched f i r s t  in star la rvae 

Numbe r of la rvae Number o f  Mean % 

Plant species 
f eeding / 5 0  l arvae lea£ consumed 

dead/50 at 4 8  h 
2 h 24 h 4 8  h 

a t  48  h 

So lanaceae 

Solanum tuberosum 4 4  s o  4 1  0 1 9  
(potato)  

s .  me longena 4 3  4 7  3 9  0 1 9  
( egg p lan t )  

Nico t iana tabacum 3 1  45 4 3  2 1 4  
( tobacco) 

Lycope rs icon esculen t um 6 1 7  2 2  1 4  5 
( toma to ) 

So lanum nig rum comp lex 5 1 7  1 2  1 6  < 5 
(Nigh t shade ) 

Pe tunia  sp . 0 0 3 22 < 5 

Salp iglossis sp . 2 3  4 1  4 3  0 6 

Schi zan thus sp . 4 5 3 24 < 5 

Convo lvulaceae 

Convo lvulus sp . 2 1 1  4 14 < 5 

Ipomea sp . 26  33 1 3  9 < 5 

S c roEhulariaceae 

Ant i rrhimum sp . 0 1 2 6 < 5 

Nemes ia sp . 1 1 3 1 0  < 5 

Linaria sp . 0 3 6 1 3  < 5 

Other 

Beta vulgaris (bee t )  0 0 2 39 < 5 

Pisum sativum ( pea ) 5 2 0  1 9  1 3  5 

Phaseo lus vulga ris 0 0 2 38 < 5 
( bean ) 

Ra phanus s a t ivus 2 5 9 24 < 5 
( ra di sh) 

Lo l ium perenne 0 1 0 29 < 5 
( ryegrass ) 

Ma lus sp . (apple ) 0 0 0 2 1  0 
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Chapter VI I 

TH E R E LATIV E SUSCE PT I BILITY OF POTATO CULTIVARS 

TO POTATO T UBER MOTH 

Tha t  d i f ferences  exist be tween cul t iva ted  va rie t ies of pota toes 

as  to degree o f  infe s t a ti on by tuber  mo th und e r  f ield con d i t ions has 

been recognised for some t ime ( Ba l d  and He l son , 1 944 ; Helson 1949 ; 

Abdel-Salam e t  al . ,  1 9 72 ;  Bedi 1 9 74 ) , though only a few authors  

appear to  have set out  specifi cal l y  to  ma ke i n te r-varietal  comparisons 

( Foo t 1 9 7 6 ; Gugl ielme t t  1 9 7 8 ) . La bo ratory s c reening for re s i s tance 

has been desc ribed o n l y  ve ry recen t l y  (Anon . 1 9 7 9 ) . D i f ferences 

be tween cul t ivars in degree of f i e l d  infe s ta t ion have usua l ly been 

a t t r ibuted to d i f fe rences in t he g rowth hab i t  o f  the p lant  ( Ba l d  and 

Hel son 1 94 4 )  including the depth at wh ich tubers  are fo rmed in the 

soi l  (Langford 1 9 3 3 ) . Undo ub t e d l y  such fac tors  are impo rtan t as 

Langford ( 1 9 3 3)  foun d  that pe rcen tage tuber  in festa t ion for the same 

cul t ivar was reduce d f rom 4 6 . 2 % fo r 2 in . p l a n t ing dep t h  to 4 . 8 % f o r  

4 in . plan t ing dep t h .  Di fferences i n  dep th o f  tuber f o rma t ion 

between cul t ivars coul d therefore contribute towa rds d i f ferent 

leve l s  o f  tuber  inf e s t a t ion un de r f i e l d  con d i t ion s .  

The possib i l i ty exis ts howeve r that mo re fundamen ta l 

d i f fe rences  may oc cur be tween cul t iva r s such as  ovipo s i t ion 

p re f e rence , ab i l i ty o f  l a rvae to e s tabl ish , l a rval deve lopmen t and 

adul t fe cun d i ty .  The re appear to  b e  n o  repo r t s  o f  such inve s t igat ions 

in the l i te rature . The obj e c t  o f  this a spe c t  of the p resen t s tudy 

was to  examine a sele c t ion o f  p o t a to cul ti vars grown i n  New Ze aland 

( a )  to con f irm tha t d i f ferences in de gree of tube r mo th 

in festa t ion occur un de r f iel d cond i t ions ; 

and (b ) to determine whe t her di f ferences in oviposi tion 

p referenc e ,  la rva l e s t a b l i shmen t an d deve l opment , 

and adul t fe cundity cou l d  be detected  in the 

labo rato ry .  
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MATERIALS AND METHODS 

Seed t ubers o f  named cul t iva rs ( an d  some co ded breeding l ines ) 

were obtained f rom Crop Research Divi s ion , Departmen t o f  S c i en t if i c  

and Indus t r i a l  Resea rch . Two t r ia l s  to eva l uate differences in 

the degree of in festat ion unde r no rmal growing condi t ions we re 

conduc ted ; one unde r g l as s  in 1 9 76 / 7 7  and the o the r in the f ie l d  

i n  1 9 7 7 / 7 8 .  

1 .  Gl asshouse t c ial  1 9 7 6 / 7 7  

Ten named c u l t iva rs ( I lam Ha rdy , Whi tu , Rua , Ka tahd i n , 

Pen t l and De l l ,  Wha , Re d King Edward , Tah i ,  Sebago an d To ru)  were 

included p l u s  nine coded breeding l ines . The gl asshouse used was 

6 . 1 x 6 . 1 m wi th an earth floo c .  Tubers we re p l anted a t  a depth o f  

10- 1 2  cm with 2 6  cm spacing be tween p l ants  and 80 cm be tween rows . 

The layout was a ran domi ze d block des ign wi th six repl i ca t ions and 

s ingle p lan t p l o ts . P l an t ing took p lace on 5 October 1 9 76 . 

The p lan t s  we re ri dged up and hoed by hand during the t ri a l . 

Wa te ring was by han d hose twice weekl y .  

6 0  pairs  o f  labo ra tory reared mo ths 2 4-4 8 h ol d were rel eased 

into the g l a s shouse on 2 6  Novembe c and a further 40 pa irs on 

2 Decemb e r .  

A s  no s ign s o f  f o l iage mining were detected up to 2 2  Decemb e r ,  

a further 6 0  pairs o f  mo ths we re i n t roduced o n  that date . The tops 

were cut o f f  a t  ground l evel and removed on 2 2  Februa ry 1 9 7 7  and the 

t ubers dug b y  hand on 8 Ma rch . Tube rs f rom each plan t were p l aced  

in to individual bags and  he l d  in a cool  s to re a t  5-7° C un t i l  

assessment a week l a t e r .  

Me thod o f  a s sessment 

Tubers f rom each p l ant we re so rted in to the fol lowing catego ries 

according to  the degree o f  l a rva l t unne l l ing v i s ible f rom external 

examina t ion : 
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Ca tego ry De fin i t ion We i gh t ing factor 

Clean No vi s i b l e  s igns of in festation 0 

Sl igh t One or two mines such that damage 

could be removed readily on peel ing 
X 1 

Moderate Mo re than two min e s  p resent and up 

to one third of the t ube r sur face  X 2 

showing damage 

Seve re Mo re than one th ird o f  the tub e r  

surface showing damage 
X 3 

Tub ers with any green colourat ion we re s e t  aside whe ther 

damaged or undamaged so that the p e rcen tage of tube rs wi th green i ng 

for each cul t ivar coul d be ca lcula te d .  

From the numbers o f  tub ers wi thin each damage ca tegory a 

damage in dex was de rive d by the fol lowing fo rmul a :  

No . in s l ight 
xl  

+ No . in mo dera t e  
x2 

+ No . in seve re 
x3  

category ca tego ry c a tegory 

To tal no . o f  tub e r s  
x l O  

The maximum po s s ible  damage index va l ue is thus 3 0  i f  a l l  

tubers f a l l  into the severe ca tegory . Such values we re cal cula t e d  

f o r  each rep l i cate ( s ingle p lant ) o f  each cul t ivar and t h e  f igures 

subj e c t e d  to  analy s i s  of va riance . The coe f f i c ien t o f  l inear 

co rre l a t ion be tween damage index values and p ercentage g reening o f  

tubers wa s cal cula ted  for each cul tiva r .  

2 .  Fi eld trial 1 9 7 7 / 7 8 

Twelve named cul t iva rs ( I lam Hardy , {{h i t u ,  Rua , Ka tahd in , {{ha ,  

Red King Edward , Tah i ,  Sebago , Pen t l and De l l ,  To ru , Ono and Rima ) 

were inc luded plus nine coded b reeding l ine s . The t rial  was la i d  

down on a n  a rea o f  Ma ssey fa rm land wh ich h a d  no t grown potatoes f o r  
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a t  least the p receding f ive years . The soil  type was Tokomaru 

S i l t  Loam (yel low grey ear th group ) w i th a s l ight no rtherly  a spec t .  

A randomized block layo ut was used wi th f ive repl i cations . Each 

p lo t  cons i s t e d  o f  t wo rows each o f  five plan ts o f  the same cul t ivar . 

All plots were separated  by two bu f f e r rows o f  one cul t ivar 

( I l am Hardy ) and the who l e  trial was s imi la rly surrounde d . 

Plan t ing depth was approximately 1 0- 1 2  cm wi th 30 cm p lan t spacing 

wi thin the rows and a row width o f  76  c m .  A gap of 122 c m  was 

l e f t  between p l o t s  a l ong the length o f  the rows . Planting wa s 

undertaken by hand on 8 November 1 9 7 7 . 

400 pairs o f  laborato ry reared mo ths 24-4 8  h o l d  we re re leased 

into the t r ia l  area between 1 and 4 January 1 9 78 by wa lking along 

p lo t  rows with an open con tainer . Re l eases were made in the late  

a f t e rnoon . In  add i t ion , over the same da te s , approxima te l y  4 00 

pupae were d i s tributed onto the ground surface along the l ength o f  

the guard rows wi thin the trial area . 

The plants we re ea rthed up by t ractor equipmen t once i n  an 

early s tage o f  growt h .  Weed con t ro l  was by hand hoe ing . No 

irriga t ion wa s p rovide d . 

The p l o t s  were ha rves ted by hand di gging on 4 Ap r i l  1 9 7 8 .  

Tubers f rom the ten plants o f  each cul t ivar comprising each plot  

were bulked and place d  in paper  sacks in a cool  s tore a t  5 - 7° C un t i l  

assessmen t . Th i s  wa s undertaken over the three days 9- 1 1  May 1 9 7 8  

i n  the same manner as  described for the ear l i e r  g las shouse t rial 

except that no record was kep t  of the percentage of tubers showing 

greening.  Al l tubers of  less  than 2 . 0  cm d iame ter we re d iscounted . 

3 .  Labo ra tory evalua t i ons 

Three types of comparat ive bio logica l evaluation we re under­

taken using the 12  named cul t iva rs inc l uded in f ield trials . 

Coded breeding l ines were no t examined in the labora tory . 
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(a ) Ovipo s i t ion preference t e s t s  wi t h  tubers and fol i age ; 

( b )  Per cen tage larval s urviva l , rate o f  larval devel opmen t 

and pupa l we ight acco rding to cul tivar ; 

and ( c )  Fecundi ty according to cul t iva r  on which the  la rvae 

we re raised . 

In addi t ion 

( d ) Te s t s  we re unde rtaken to mea sure the resis tance to 

s k in pun c ture wi th tubers of the  twe l ve named cul t ivars . 

(a ) Ovipo s i t i on preference 

Tes t s  were con duc ted in 30 cm 3 terylene ne t cages over 48 h in 

da rkness  at 2 5° C wi th 20 pairs of mo ths 24-4 8  h o l d .  Each c age 

con tained one t ube r ,  or portion of f o l iage , of t he t e s t  cul t ivar 

and one of the s tandard t ha t  wa s used for comparison in a l l  t e s t s  

( Ilam Hardy ) . Five per cent s ugar so l ut ion wa s provided in a sma l l  

glass v i a l  into wh ich  shor t  l engths o f  co t ton den tal rol l  we re 

inse rt e d . Each t e s t  wa s rep l icated f i ve t imes . 

Because o f  the impo rtance o f  surface t exture in choice o f  

ovipo s i t ion s i te ( se e  Chap te r IV Pa rt 2 )  two series o f  t e s t s  we re 

run with po t a to tube rs . In one series , wa shed and d r i e d  t ub e rs 

were placed on the f loor o f  the cage about 2 0  cm apa r t . In the 

second series tub e rs we re simila rly p repared and posi t ione d  but  were 

covered  wi t h  four l ayers o f  co t ton mus l i n  so  tha t each cul t ivar 

p re s en t e d  an iden t ical  surface in terms o f  t ext ure . 

Each cul t i va r  wa s al so evalua ted fo r numbers o f  e ggs l a i d  under  

a non-choice  s i tua t ion by  p l a c ing a single t uber wi th in a 500  ml glass 

j ar containing 10  pairs o f  mo t h s  and c losed wi th hal f a glass p e t r i  

d is h . Te s t s  we re s imi larly run f o r  48  h a t  2 5° C i n  darknes s .  

A t  the end o f  the test  period e ggs on t he surface o f  potato tubers ,  

mus l in cove r ing , o r  potato f o l iage were coun ted with the aid  o f  a 

s te reo-microscope . Ve ry few eggs we re laid  e l s ewhe re , e i th e r  on 

the wal l  of the te ryl ene net cages o r  on the inner surfaces of the 

glas s  j ars and were igno re d . Coun t s  we re subj ec ted t o  square roo t 

t ransforma t ion b e f o re s ta t i s t i c a l  ana l ys i s .  



(b )  Larval survival , ra t e  o f  developmen t 

and pupal we ight 

1 09 . 

Two exper imen t s  were conduc ted . Exper imen t 1 ,  set  up in 

1 9 7 8 ,  con s i s t e d  o f  f ive r e p l i ca t ions o f  each cul t ivar . As d i f fe rences 

in percen tage pupa ti on be tween cul t iva rs did not reach sign i f i cance 

a s econd expe r iment ( Expe r imen t 2 ) , was con duc ted in 1 9 79 w i th t en 

rep l icat ions o f  each cul t i va r .  

Expe r iment 1 ( 1 9 7 8)  

App roxima tely 100 g weight of po ta to t uber  ( singl e t uber  or 

two sma l l e r  one s )  was p laced on top o f  c rump led t iss ue paper in the 

bo t tom o f  a wide mouthed 5 00 g glass j a r . 30 newly h a t ched 

( < 12 h o l d )  f i rs t  ins t a r  l a rvae were p laced ont o the t ub e r  surface . 

The j ar was c l osed wi t h  ha l f  a gl ass p e t r i dish for 5 days un t i l  

t h e  larvae had e s tabli shed . The glass l i d  wa s then replaced with  

t e ryl ene ne t to  p rovide f ree air  c i rc ula t ion and thus minim i ze moul d 

growth . Five j a rs we re p repared w i t h  tubers o f  each cul t ivar . 

Jar s  were held a t  25° C in darkness w i t h  humid i ty regul a ted a t  

40-50% RH . Pupae fo rme d we re removed on the 1 2 th day and thence 

every o ther day un t il none were recovered over a 4 day perio d .  

Tubers we re retained f o r  a further 5 days a f ter the l a s t  pupa 

was recove red as i t  wa s found tha t  one or two adult mo ths e merged in 

each j a r f rom pupae evi den t l y  formed wit hin the tube r and no t 

p rev iously reco rde d .  The se adul t s  were added t o  the total  o f  pupae 

recovered in cal culat ing f inal percen t age pupa t ion (Tables 29 and 30 ) . 

100  pupae o f  mixed sexes we re weighed individually f rom each cul t iva r .  

A second se ries o f  t ubers wa s p repared i n  wh ich the skin wa s 

p e r fo ra ted immedia tely be fore seeding with  larvae , by ro l l ing them 

over a boa rd with spikes a t  approxima tely 1 cm2 spac ing . The 

r ema inder o f  the experimental  proc edure was the same as for  intact 

t ub e rs . 
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Experimen t 2 ( 1 9 79 )  

Tub e rs o f  each va rie ty were selected within the s i z e  range 

6 0- 1 00 g .  The numbe r o f  eyes o n  e ach t uber wa s recorded , and the 

t ubers set up in 500 g glass j a rs a s  described for Expe r imen t  1 .  

Twenty 1 s t  i n s tar l arvae were seeded onto each tuber and there we re 

10 rep l icat ions o f  each cul t ivar . The remainder of the p rocedure 

was as for Experiment 1 except tha t remova l of pupae wa s commenced 

on the l Oth ra the r than the 1 2 th day . Fi f ty f ema le pupae f rom 

each cul t ivar were separa ted and we i ghed individually . 

As wi th Experimen t  1 ,  a second series o f  t ubers was s e t  up 

in which the skin was per fora te d  b e f o re larvae we re in t ro d uced .  

( c )  Fecun d i t y  

Pupae f rom Exp er iment 1 we re h e l d  a t  2 5° C un til emergence o f  

the adul t s . Mo ths within 24  h o f  eme rgence we re placed in 1 10 ml 

wide mouthed j ars as described for the experimen t on e f f e c t  of C02 

anaes the t i z a t ion on fe cundi ty ( Cha p te r  V Part 1 ) . Group s o f  5 pairs 

o f  mo ths we re placed into  each j a r , p rovided with dis t i l l e d  wa t e r  

and eggs co l l e c ted eve ry o t he r day un t i l  dea th o f  a l l  fema l e s  in 

the con t a in e r  concerne d .  There were eigh t rep l ications o f  ea ch 

cul t ivar to g ive a to t a l  of 40  pa i r s  of mo ths pe r cul tivar . 

(d )  Skin pun c t ure t e s t s  

An Ot tawa Texture Me ter coup l e d  t o  a cha rt  reco rder was used 

to  determine the p ressure requ ired to pene t ra te the skin of potato 

t ubers usin g  a sma l l  ( 7  mm d iame t e r )  Magnus-Taylor p robe . The 

ins trumen t  wa s adj usted  so tha t  ful l deflec t ion of the pen was equal 

to  a pres sure of 20 kg . The cha r t  speed wa s 1 0  cm/minute . 

Potato tub e rs were cut in ha l f  and each hemisphe re o f  the t uber 

p re sen ted w i th the intact  surface uppermo s t . The p robe was directed  

to  flat  areas  of  the  tuber  surfac e  a s  far  a s  possibl e .  Twenty 

recordings we re made for each cul t ivar invo l ving a minimum o f  f ive 

di f fe rent  tubers . Tes t s  were conducted in July ( 1 9 7 9 )  a f ter tubers 

had been i n  cool s tore at  5 - 7° C fo r 12 weeks . 
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Pres sure a t  the point o f  skin  rup t ure ( indicated by a sharp 

p eak · on the reco rdings ) wa s read o ff from the chart for each tes t .  

1 .  Gla sshouse t r i a l  1 9 7 6 / 7 7  

RES ULTS 

Very l i t t l e f o l i age mining was de tected  during the course o f  

this t r ia l . No f o l iage mines were found up t o  2 2  Decemb e r  

( 1 1  weeks f rom plan t ing and 4 we eks f rom f i r s t  in trod u c t io n  o f  a dul t 

mo ths )  and even by 2 2  February mines we re conf ined to the lowe r  

par t s  o f  the plant s .  Large numbe rs o f  mo ths were present in the 

gla sshouse on the l a t t e r  da te  howeve r ,  indicat ing tha t at least  one 

gene ra t i on had suc c e s s ful ly comp l e t ed deve lopment since introduct ions 

we re made . 

Mean damage indice s  fo r tube rs at  ha rve s t  ranged f rom 4 . 2  

for Wh i t u  to 14 . 9  f o r  I lam Ha rdy but no d i f fe rences be tween cult iva rs 

we re s t a t i s t i cal l y  s i gni f ican t due to high wi thin-cul t iva r va r ia t ion . 

The coe f f i c ient o f  l inear co rrela t io n  h e tween percen tage tubers wi th 

green co loura tion and tuber damage index va lue s  was low (r = 0 . 02 )  

and non-sign i f i can t .  

2 .  Field  t r ial 1 9 7 7 / 78 

No fol iage mining was obse rved at  any s t age during this t r ial . 

Resul t s  o f  asses sment of  tuber infesta tion are summa r ized  in Table  2 7 .  

Data for  coded bre e d ing l ines have no t been included a s  n o  labo rato ry 

work wa s un dertaken with them.  Damage ind i c e s  cove red a similar  

range t o  tha t reco rded from the gl as sho use t r ial (5 . 9 2 - 14 . 5 3 ) . 

Sta t i s t i cal an sl ys is in thi s  case showed tha t many be tween cult iva r 

diffe rences were s igni f ican t . De t a i l s  a re present ed in Table  2 7 .  



3 .  Laboratory evalua tions 

(a ) Ovipo s i t ion prefe rence 

1 1 2 .  

The resul t s  o f  oviposit ion p re ference t e s t s  are p resented in 

Table 2 8 .  Egg coun t s  have been converted in each case re l a t ive to 

the s tanda rd cult ivar I lam Hardy = 1 00 .  When bare tubers were 

o f fered di s t inct d i s c r imina t ion wa s shown aga ins t Rua and to a lesser 

exten t aga ins t Ono , Red King Edwa rd and Wha . When tubers of  these 

cul t ivars were cove red wi th mus l in however ,  no d if ferences in 

preference compare d  to  I lam Ha rdy occurre d .  Instead , three cul t ivars 

( Pent l an d  Del l , Whi t u  and Sebago ) were p re ferred to Ilam Ha rdy though 

no t when tested  as bare tubers . In non-cho ice tests , no d i f ference 

o ccurred be tween any cul tivar and I l am Ha rdy wh e ther tubers were 

wrapped in mus l in or no t wra pped . 

With fol iage compa ri sons , on ly Pentland De ll was s igni f i cantly 

d i f fe rent ( lowe r )  than Ilam Ha rdy . 

(b ) Larval surviva l ,  rate o f  developmen t 

and pupal we ight 

The resul t s  of  Experimen t 1 with inta c t  and pricked tubers are 

give n  in Tab l e  2 9 .  Al though perc entage pupat ion ranged f rom 4 2 %  

( Rua) to  7 2 %  ( Sebago ) f o r  int a c t  tubers , d i f fe rences we re no t 

s ta t i s t ically  s igni f ican t  due to high wi thin cult iva r  var i a t ion . 

Pricking o f  tubers resul ted in higher pe rcen t a ge pupa t ion w i th all  

cul t ivars , the d i f f eren ce reaching s ign i f icance for f ive cul t ivars . 

The resul t s  o f  Expe riment 2 with i n tact  and pricked t ubers are 

given in Tabl e  30 . 

We i gh t s  o f  pupae o f  mixed s exe s ( f rom Exper imen t 1 )  are given 

in Tab l e  3 1  and we ights of female pupae ( from Experime n t  2 )  in 

Table 32 . Some d i f fe rences be tween pupa l we i ghts a c c o rding to 

cul t ivar on which the larvae fed were s ign i f i cant as in dica ted in 

the tab l e s . 
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( c )  Fe cun d i ty 

Da ta for  fecun d i ty according to the cul t ivar on which the 

l arvae we re raised a re given in Ta bl e 3 3 .  Th e highest  mean 

fecun d i ty (Ono ) exceeded the l owe s t  (Rua ) by nearly 50%  and wa s 

h ighl y s ign i f icant ( P  < 0 . 0 1 ) . Some intermed ia te diffe renc e s  

wer e  sign i f i can t a t  a l ower l evel o f  p robabil i ty .  

( d ) Skin punc ture t e s t s  

The resul t s  o f  skin  punc ture t e s t s  a re g i ven in Tab l e  34 . 

DISCUS S ION 

Fie l d  t r i a l s 

The f i e l d  t r i a l  conduc ted in 1 9 7 7 / 7 8  p roduced s i gni f icant 

d i f f e rences be tween po tato c u l t iva rs wi th resp e c t  to degree of tub e r  

in fe s ta t ion . The resu l t s  we re consi s tent with the findings o f  Bedi  

( 1 9 74 )  and Foo t  ( 1 9 76 ) . I l arn Ha rdy recorded the highe s t  l evel o f  

tub e r  infes tation and Rua the lowe s t . A cur ious feat ure o f  this 

t rial  was that no fol ia ge mining by Po tato Tube r Mo th larvae was 

reco r de d . 

The glasshouse t r ial  conduc t ed the p revious season ( 1 9 76 / 7 7 ) , 

gave a s imi lar range o f  tub e r  inf e s ta t i on be tween cul t iva rs f rom 

l owes t  to highe s t  compared to the outdoo r t r ia l ,  but d i f f erences 

be tween cul t iva rs were not s t a t i s t i c a l l y  s ign i f i can t . Th i s  was 

possib l y  a s so c i� ted with the s ingle p l a nt p l o t s  used and the l ikel y  

e f f e c t  o f  the gl asshouse enc l osure o n  the  d i s t ribution o f  mo ths . 
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Labora tory eva l ua t ions 

(a ) Ovipo s i t ion prefe rence 

In oviposi t ion preferenc e  t e s t s  with bare t ubers o f  the named 

p o t a to cul t ivars , the s tandard cul t ivar ( I l am Hardy) wa s preferred 

compared to  Wha ,  Red King Edward , Ono and Rua , but these preferences 

d isappeared when t ub ers of the same cul t ivars were covered in mus l in . 

Thi s  s ugges ts tha t surface t ex ture o f  tubers is important in 

de t e rmining ovipo s i t ion preference as  mi ght be e xpec ted f rom 

inve s t i ga t ions of the phys i ca l  nature of ovipos i t ion s ub s t ra te s  

repo r t e d  i n  Cha p t e r  IV P a r t  2 .  

With musl in covered tubers , whi ch p resented a uni form subs t ra te 

for ovipo s i t ion , three cul t iva rs ( Seba go , Pen t l and De l l  and Whitu)  

were s trongly p re fe rred to I l am Hardy sugge s t ing that o dour 

d i f f e rences we re involved . Odour may a l so have played a part in 

prefe rences be tween bare t ube rs but wo ul d have been comp l i ca ted by 

d i f f erences in surface texture . 

The fact  tha t  no d i f fe rences oc curred be tween cul t iva rs under 

non-cho ice condi t ion s , whe t he r  tubers were covered wi th mus l in o r  

no t ,  s ugge s t s  tha t un der no rmal growing con d i t ions w i th sizeable  

areas  of  s ingl e cul t ivars , preference d i f f e ren ces might  not  be  

impo rtant . Th i s  poss ib i l i ty i s  a l so suppo rted by the fact tha t in 

comparison s o f  f o l iage , no p re f e rence s we re de tec ted e xc ep t  in the 

case of Pen t land De l l  v.  I l am Hardy whe re the l a tter was preferred . 

( b )  Larva l survival , ra te o f  deve lopmen t 

and pupal we ight 

In the first  expe riment o f  f ive repl icat ions conduc ted to 

compare pe rcen ta ge pupa t ion be tween cul t ivars f o l l owing the int ro­

duc t ion of a known number of f i r s t  ins ta r  larvae on to tubers , 

d i f f e rences be tween cul t i va rs were no t signif i cant though pupa t ion 

ranged f rom 4 2 %  for  Rua to  7 2 %  fo r Sebago , in dica t ing a high degree 

of with in cul t ivar var ia t ion . Increasing rep l i ca tion to  ten an d 

more s t r ingent s e l ect ion o f  tubers in the second expe rimen t , p ro duce d  

s ign i f ican t  d i f fe rences be tween many cul t ivars . 



1 1 5 .  

Pri cking the surface o f  t ub e r s  by ro l l in g  them over a sp iked 

board , b efore inf e s t in g  with l s t  instar larvae , resul ted  in 

increased p upat ion f o r  all  c ul tivars compa red wi th in tact  t ubers . 

This d i f fe r ence was mo re marked ( and wa s s t a t i s t ical ly s igni fican t )  

for some cul t ivars compared t o  o t hers . 

In b o th e xper imen ts pupae we re removed every other day with a 

view to  de t e rmin ing whe ther d i f fe rences occurred in ra tes  o f  

development between cul t iva rs . When p l o t t e d  a s  cumulat ive 

percen t age pupa t ion c urve s ,  howeve r ,  the resul t s  were extremely 

var iab l e , due perhaps to the rela t ively sma l l  numbers concerned , 

and precluded further analys is . 

Pupa l  we ights 

When pupae of  mixed sexes were wei ghe d f rom each cul t ivar , 

dif ferences be tween some cul t ivars we re sign i f ic an t .  S eparat ing and 

weighing female p upae re sul ted in higher mean weights but va riab i l i ty 

was no t reduced ( S . E .  ± 2 . 02 %  o f  the mean for female pupae compared 

to S . E .  ± 1 . 7 1 % of the mean for p upae of mixed sexes ) .  In detec t ing 

pos s ib l e  d i f f e ren ces  between cul t ivars in t e rms o f  pupal weigh t  

the re is thus l i t t l e  to be gained  f rom sexing o f  pupae . 

(c ) Fe cundity 

S ignifican t  d i fferences in fecun d i ty were foun d  acco rding 

to the c ul t ivar on which larvae we re ra ised , the highes t  ( Ono ) 

exceedin g  the lowe s t  ( Rua ) by about 50 per c en t . As these 

fecundi ty measurements  were made in the absence o f  hos t  p l an t  

materia l  they were p robably no t maximum values ( see Chapter  V 

Part 2 )  but  sho �l d  have been val id on a re la t ive bas i s  b etween 

cul t ivar s .  

Fe cun d i ty by cult ivar was no t correl a t e d  with p upa l we igh t 

( r  = - 0 . 2 3 NS for  female pupae v .  fecun d i ty ) . In f a c t  for pupae o f  

mixed sexe s ,  the highest  pupal weight ( Rua ) gave the lowe s t  fecundity 

and the  lowe s t  pupal weight (Wh i t u )  the second highes t  fecun d i ty . 

I t  seems the refore that  nutritiona l fac to rs , o ther than those 
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a f f e c t ing mere body we ight , may d i f fer be tween cul t ivars and result  

in d i f f erences in f e c undi ty of  the ensuing adul t s . 

( d )  Skin punct ure t e s t s  

The fact  tha t pricking the skin o f  tubers improved the 

pe rcen tage p roduc t ion of pupae f rom known numbers of larvae , compared 

to intact  t ubers wi th a l l  cul t iva rs , sugges ts tha t the peel of the 

tub e r  may act a s  a barrier to fi rs t  instar establ ishmen t .  Thus one 

migh t  expec t  some degree of negat ive c o r relation between the 

res i s tance of the skin to punc ture and percen tage pupa t ion . 

Al though a n ega t ive va l ue was found i t  d i d  no t reach s i gni f icance 

( regression of pe rcentage pupa t ion to ta l s  fo r Experiment 1 plus 

Experimen t 2 wi th int act tube r s , on skin rupt ure p ressure , 

r = -0 . 4 0 NS) . Nei the r is there any consi s ten t rel a t ionship 

be tween res i s tance to skin pun c tu re and those c ul t ivars which 

ben e f i ted mo s t  by skin pun c ture wi th respect to p upae produced , 

e . g .  Toru,  Ono , Re d King Edwa rd ( s ee Tables  29  and 30) . 

With in tact  tubers , f i r s t  ins tar l arvae almo st invariably enter 

through the eye s , so tha t re s i s tance to punc ture o f  the gene ral sk in 

surface may not be par ti cula r l y  rel evan t .  Ins te ad , the number o f  

eye s  p e r  tuber cou ld perhaps b e  asso c ia te d  with ease o f  larva l  

e s tablishmen t .  Di fferences were foun d  be tween cul t iva rs in the 

n umber of eyes per tuber (see Tab l e  35 ) but aga in the re was no 

cor relation with s uccess of larva l es tabl ishmen t as measured by 

pe rcen tage pupa t ion . ( Regression o f  percentage pupa t ion f o r  intact  

t ub e r s  on  numb e r  o f  eyes pe r tuber , r = 0 . 0 7 NS) . 

The reasons for di f ferences between cul t ivars in p ercentage 

pup a t ion have no t therefore been re so l ve d  in th i s  s tudy . The 

pos s ib i l i t y  rema ins tha t the form o f  the eyes and the nature o f  the 

skin in the ir immediate vicinity may be the impo rtan t fac tors . 

Di fferences in pe rcent age pupa tion may n o t  o f  course reflect  

accurately succe s s  of e s tabl ishmen t o f  f i r s t  ins tar la rvae a s  

mo r tal i ty a f t e r  e s tab l i shment may a l s o  o c cur . This howeve r ,  seems 

unl ikely to be  a s igni f i cant fa c to r ,  as the la rva i s  wel l pro tec ted 
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within the tuber and provided with amp l e  food once es tabl ished , a t  

l e a s t  w i th t h e  low levels o f  infes ta t ion employed i n  these 

e xp e r iment s . 

Correla t ion o f  labora tory eva l ua t ions wi th leve l s 

o f  infes t a t ion recorded in the field  

I f  d i f ferences be tween cul tivars in t erms of  ovipo s i t ion 

p re f e r ence , perc en tage pupa t ion and fecun d i ty as  determined i n  

l ab o ra to ry compa ri son s  a l so opera t e  un der f i e l d  condi t ions , they 

coul d accoun t  in part  at l eas t for d i f fe rences in degree o f  

infes t a t ion i n  the f iel d .  

In Tab l e  3 6  relative r ankings o f  c ul t iva rs a re given i n  the 

f i r s t  three columns for oviposi tion preference (bare t ubers ) , 

percen tage pupa t ion (based on mean s  o f  Experimen t 1 and Experimen t 2 

wi th intact t ubers ) ,  and fecun d i ty . Highest  va l ues a re ranked 1 and 

lowe s t  1 2  in each case . The fourth col umn l ists  the sums o f  the 

rank val ues f rom the f i r s t  three co lumns and in column f ive the s um 

val ues a re converted  to an overall rank . Where two cul t ivars  tied 

with the same rank val ue in co l umn four (as  oc curred in three 

ins tances )  they have been given the same rank in col umn f ive but the 

fol lowing rank va l ue was omi t ted  i n  ea ch case so tha t  the lowe s t  rank 

wa s s t i l l  1 2 . Final l y ,  in co lumn s i x ,  cult ivars are ranked 

acco rding to the degree of tuber infesta t ion reco rde d in the 1 9 7 7 / 78 

f i e l d  t rial . 

I t  will be  seen tha t the co r respondence be tween the two f inal 

s e t s  of rank va l ue s  is for  the mos t  part ext remely close . 

I t  corresponds �xactly for four out o f  the twelve cul t ivars , and for 

ano ther four there is a d i s c r epancy of  on ly one rank poin t . The 

maximum divergen c e  is 5 p o i n t s  ( S eba go ) . I t  is sugge s ted therefore 

tha t for  mo s t  of the cul t iva rs examine d ,  d i f fe ren ces whi ch o c cur in 

degree o f  infes t a t ion un der f ield cond i t ions are due p rima r i l y  to 

i n t rinsic d i f ferences be tween them rather than to such fa c t o rs as 

depth of t uber fo rmat ion o r  o ther fea tures o f  growth hab i t . 
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Tabl e  2 7 .  Resu l t s o f  field  t r ial to compare po t a to cult ivars for 

degree of infe s t a t ion by po t a t o  tuber  mo th , 1 9 7 7 / 7 8 

Cul t iva r 
Mean tuber  

damage index 
S igni f i cance o f  

d i f ferences * 

Ilam Hardy 

Ka tahdin 

Ono 

To ru 

Pent land Del l  

Whi tu 

Tah i 

Sebago 

Rima 

Re d King Edward 

Wha 

14 . 08 

1 3 . 2 5 

1 1 . 9 6 

1 0 . 4 8  

10 . 35 

1 0 . 24 

9 . 1 6  

9 . 08 

8 . 32 

7 . 7 4 

6 . 9 3 

Rua 5 . 9 2 

5 %  

* Values unders co red by t h e  same line are not 
sign i f ican t l y  dif fe ren t .  Dun can ' s  Mul t iple 
Range Te s t .  

1 %  
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Tab l e  2 8 .  Resul t s  o f  ovipo s i t ion preference tests  wi th tubers  

and f o l iage o f  n amed po tato c ul t ivars 

Tubers not 
Tub e rs wrapped 

Cul t ivar 
wrap ped 

i n  4 layers of Fol iage 
co t ton musl in 

I lam Hardy 
( s t an dard o f  1 00 1 00 1 00 
compar ison ) 

To ru 1 2 6  N S  92  NS 1 2 2  NS 

Sebago 1 10 NS 1 78 * *  6 6  N S  

Pent  land Del l  9 7  NS 2 35 * *  6 7  * *  

Ka tahdin 88 NS 83 NS 7 1  NS 

Rima 7 1  NS 65 NS 1 9 9  N S  

Wha 6 7  * 102 NS 1 1 5 NS 

Whi t u  62  NS  2 32 ** 9 2  NS 

Tahi 6 1  NS 1 00 NS 80 NS 

Red King Edward 5 6  * *  1 5 6  NS 9 9  N S  

Ono 5 1  * 96 NS 1 1 2 NS 

Rua 28 ** 7 8  NS 1 2 8  NS 

* *  Sign i f ican t l y  d i f fe rent  from I l am Ha rdy p < 0 . 0 1 .  

* Sign i fi can tly  d i f fe rent  from Ilam Hardy p < 0 . 05 .  

N S  No t s ign i f i cant l y  d i f feren t f rom I l am Hardy . 
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Cul tivar 

S ebago 

Pentland 

Ka tahdin 

Wha 

Red King 

Wh i tu 

Rima 

Tahi 

Ono 

1 2 0 . 

Percen t age pupa t ion fol lowing in t roduc t ion o f  f i r s t  

ins tar larvae onto intac t and pricked tubers o f  

named po ta to cul t ivars ( Expe r imen t 1 ,  1 9 7 8 )  

Percentage pupa t ion 1 S i gni f icance o f  
difference . P r icked 

Intac t 2 Pricke d2 v .  inta c t  

72 . 0  7 6 . 0  NS 

Dell 7 0 .  7 86 . 0  NS 

7 0 . 0 7 5 . 3  NS 

6 8 . 0  82 . 7  NS 

Edwa rd 64 . 7  8 5 . 3  * *  

6 1 . 3  80 . 7  * *  

6 0 . 0 6 7 . 3  NS 

5 9 . 3  6 8 . 0  NS 

5 8 . 7  89 . 3  * *  

I l am Hardy 56 . 7  7 5 . 3  NS 

To ru 5 4 . 7  8 1 . 3 * *  

Rua 

l 

2 

42 . 0  6 9 . 3  

Based on to tal pupae re cove red compared to  numbe r  o f  
1 s t  in s ta r  larvae introduced . 

* 

Differences be tween cul t ivars n o t  s ta t i s t ically s ign i f ic an t  
due t o  h i gh wi thin cul t ivar va r i a t ion . 

* *  Pricked s igni f ican tly higher than in tact tubers p < 0 . 0 1 .  

p < 0 . 05 .  * Pricked s ign i f icant ly h igher than in tact  t ubers 

NS Pricked no t s igni f i cantly highe r than intac t .  



Tabl e  30 . Percentage pupat ion following in troduction o f  first  ins tar larvae onto intact 

and pri cked t ubers of named po tato cul tivars ( Expe r iment 2 , 1 9 7 9 )  

Cul tivar 

S ebago 

Toru 

Red King Edward 

Katahdin 

Pen tland Del l  

Tahi 

Ono 

I lam Hardy 

Rua 

Whi tu 

Wha 

Rima 

Intact 

Percen tage 
pupat ion 

62 . 5  

5 8 . 5  

5 6 . 0  

5 6 . 0  

5 3 . 0  

5 0 . 0 

4 3 . 0  

4 1 . 5  

4 0 . 0  

38 . 5  

35 . 5  

32 . 5  

Sign i f ican ce 
o f  diff e rences 1 

5%  1%  

Cul t ivar 

Ka tahdin 

Pen t l and De l l  

Ono 

Wha 

Sebago 

Rima 

Whi tu 

Tahi 

Rua 

Toru 

Red King Edward 

I lam Hardy 

Pricked 

Pe rcen tage 
pupation 

88 . 5  ** 

86 . 5  * *  

84 . 5  ** 

8 3 . 0  NS 

7 9 . 5  NS 

7 8 . 0 ** 

7 7 . 5  ** 

7 7 . 0  * 

76 . 5  ** 

7 5 . 0  * 

72 . 5  NS 

6 7 . 5 ** 

l Values underscored by the same l in e  are no t s igni ficantly d if feren t . 
Dun can ' s Mul tiple Range Tes t .  

** 

* 

NS 

Pricked s ignificantly higher than intact t ubers P < 0 . 0 1 .  

Pricked s igni f ican tly higher than in tact tube rs P < 0 . 05 .  

Pricked n o t  s i gn i f i cantly h igher than intact . 

S igni f i canc e  
o f  dif ferences 1 

5 %  1 %  

...... 
N 
...... 
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122 . 

Mean we ights of pupae of mixed sexes according to 

po tato cul t ivar on which the larvae fed 

( Experimen t 1 )  

Cult ivar Mean pupal weight mg 
Signific an c e  of  

dif ferences * 

Rua 

Katahdin 

I lam Hardy 

Tahi 

Wha 

S ebago 

Ono 

Pen t land De ll  

Rima 

Red King Edward 

Toru 

Whitu  

1 1 . 22 

1 1 . 06 

10 . 96 

1 0 . 80 

1 0 . 6 5  

1 0 . 5 7  

1 0 . 52 

1 0 . 5 0 

1 0 . 4 3  

1 0 . 4 1  

1 0 . 4 1  

1 0 . 1 9 

5 %  1 %  

* Val ue s  underscored by the same l ine are not sign i f icantly 
dif f e ren t .  Dun can ' s Mul t ip l e  Range Te s t .  
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Tabl e  32 . Mean we ights of fema l e  pupae acco rding to the po tato 

cultivar on which the la rvae fed ( Experiment 2 )  

Cul t ivar 

Sebago 

I lam Hardy 

Toru 

Katahdin 

Rua 

Tahi 

Ono 

Wha 

Rima 

Red King E dward 

Pen tlan d  Del l  

Whi tu 

Mean pupal we ight mg 

1 2 . 70 

1 2 . 24 

1 2 . 1 9  

1 2 . 1 6 

1 2 . 08 

1 1 . 94 

1 1 . 68 

1 1 . 5 3 

1 1 . 2 1  

1 1 . 7 1  

1 0 . 9 3  

1 0 . 39 

Signi f ican c e  o f  
dif ferences * 

5% 1% 

* Values unde rsco red by the same l ine are not s ign i f icantly 
d if f e ren t .  Dun can ' s  Mul t iple Range Te s t .  
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Tab le 3 3 .  Fecundity o f  po ta to tuber mo th acco rding to the 

c u l t ivar on wh ich the larvae fed ( Experiment 1 )  

Cul tivar 

Ono 

Whi tu 

I l am Ha rdy 

Toru 

Tahi 

Rima 

Wha 

Katah din 

Red King Edwa rd 

Pen tland De l l  

Seb ago 

Rua 

Mean fecun d i ty 
( to tal eggs l aid 

per fema l e ) 1 

1 60 . 5  

1 5 5 . 8  

149 . 7 

1 42 . 3  

1 3 7 . 6  

1 30 . 1 

1 2 9 .  1 

1 2 8 .  1 

1 2 6 . 6  

1 2 5 . 9 

1 2 3 . 3  

1 1 0 . 6  

S igni f icance o f  
differen c e s *  

5 %  1 %  

* Values un derscored by the same l ine are no t 
s igni f ican t ly dif feren t . Dun can ' s  Mul t iple Range Tes t .  

l Adu l t s  fed dis tilled wate r ; mus l in oviposi t ion sub s trate ; 
no plan t  material presen t . 
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Table 34 . The resu l ts o f  skin puncture t e s t s  with tubers of name d 

po tato cul t ivars 

Cul t ivar 
Mean p re s sure in 

kg at po int  o f  
skin rup t ure 

S igni f ic ance  o f  
dif ferences * 

Whi tu 

Rima 

Ono 

Wha 

Tahi 

Toru 

Red King Edward 

Pent l and De l l  

Sebago 

Rua 

Ka tahdin 

I lam Ha rdy 

1 3 . 39 

1 3 . 35 

1 3 . 2 1  

12 . 5 0 

1 2 . 2 4 

1 1 . 44 

1 1 . 35 

1 1 . 2 9 

1 1 . 06 

10 . 86 

10 . 75 

10 . 5 8 

5 %  

* Val ue s  un derscored by the same l in e  are no t 
signif i can tly d i fferen t . Dun can ' s Mul tiple 
Range Tes t .  

1 %  
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Tab le 35 . The number o f  eye s  per tuber according to cul t ivar 

Cul t ivar 

S ebago 

Rima 

I lam Hardy 

To ru 

Wh itu 

Tah i 

Rua 

Ono 

Katahd i n  

Pen tland De ll 

Red King Edward 

\.Jha 

Mean numb er o f  
eyes per t ube r 

1 2 . 3 

1 1 . 6  

1 1 . 3  

1 0 . 8 

1 0 . 5 

10 . 1  

9 . 8  

9 . 6  

9 . 3  

8 . 8  

8 . 5  

8 . 0  

S igni f i canc e o f  
dif ferences * 

5%  1 %  

* Va lues underscored by the same l ine are not  
s i gn i f ican t ly d ifferent . Dun can ' s  Mul t i p l e  
Range Te s t .  



Tabl e  3 6 .  Ranking o f  po tato cul tiva rs on the basis o f  various laboratory evalua tions 

and relat ionship to f i e l d  infes ta t ion ( fo r  full exp lanat ion see t ext ) 

Ovipos ition 
Percentage 

S um o f  
Overall  Fie l d  

Cul t ivar 
preference 

pupation 1 Fecundity ranking 
rank infestation 2 

( bare t ube rs ) val ues 
Rank* Rank* Rank* Rank* 

Ilam Hardy 1 1 0  3 14  2 1 

Toru 2 5 4 1 1  1 4 

S ebago 3 1 1 1  1 5  3 8 

Pentland Del l  4 3 1 0  1 7  5 5 

Katahdin 5 2 8 1 5  3 2 

Rima 6 1 1  6 2 3  1 0  9 

Wha 7 8 7 22 9 1 1  

Whi tu 8 9 2 1 9  6 6 

Tahi 9 6 6 2 0  8 7 

Red King Edward 1 0  4 9 2 3  1 0  1 0  

Ono 1 1  7 1 19  6 3 

Rua 1 2  1 2  1 2  36 12 12 

* 1 = highes t  value ; 1 2  = l owest val ue .  to-
N 
-...! 

1 Means o f  Exp eriment 1 and Experiment 2 ,  based on number o f  pupae recovered following . 

introduc t ion o f  first  ins tar l arvae on to intact tubers . 
2 Base d  on mean t uber damage index 1 9 7 7 / 7 8  f ie l d  trial . 

--
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Chapt e r  VI I I  

GENERAL DIS C US S ION AND CONCLUS IONS 

The ol igophagous hab i t  o f  P o tato Tuber Hoth has been well 

e s t ab l ished by p revious wo rkers ( P i card 1 9 1 3a ,  At t ia and Ma t t ar 

1 9 39 , Cunningham 1 969 ) , i ts ho s t  range being e f f e c t ively res tric ted  

to  c e rtain gene ra wi thin the  p lant family So lanaceae , including the 

e conomical l y  important plan t s  po ta to , tobacco , tomato and e gg plan t . 

In a ho lome t ab o lous in sect , such a s  tuber mo th , in wh ich the adul t 

i s  winged an d mob ile whi l s t  young la rvae are c apable o f  only l imited 

movement ,  i t  seems logical tha t plan t sele c t ion sho uld be un dertaken 

p r imarily by the ovipo s i t ing a du l t  for the en suing larvae . Tube r  

mo t h  however ma tes and lays e ggs f reely i n  the absence o f  p lan t 

mat e rial o f  any kind as some aspe c t s  o f  the presen t s t udy have 

con f i rme d . On non-plan t surface s ,  cho ice o f  ovipos i t ion s i te i s  

inf l uenced by surface con forma t ion and text ure . Phys i cally  opt imum 

sur faces contain depre ss ions j us t  la rge eno ugh to ac commodate eggs 

and shoul d p re ferably be ha i ry .  Me chano-receptors on the ovipo s i to r  

i t s e l f  p robab ly la rge ly a ccoun t f o r  these e f f e c t s .  I n  addi t ion , 

egg lay in g  i s  s t rong l y  de t e r red by the presen ce o f  mo is ture . 

I t  seems l ikely f rom these findings that the phys i cal nature o f  

p l an t  surfaces also i s  important i n  choice o f  ovipo s i t ion si te , an d 

t h i s  is suppo r ted by the observa t ion tha t eggs on potato tubers a re 

almo s t  invariably lai d in depress ions and angl es around the eyes . 

Also , smooth pl an t surfac e s  i n c l ud in g  the leaves o f  non-ho s t  plants  

s uch a s  pea  and  bee t whi ch are n o rma l l y avo ided fo r egg laying , 

b e come accep table when cove red wi th a l ayer o f  mus l in . Physi cal 

f a c tors a lone canno t howeve r be  so lely  responsible for selec tion o f  

ovipo s i t ion s i te s  b y  thi s insect  i n  n at ure . o the rwise eggs would b e  

l a i d  in man y  si tuations un sui table f o r  la rva l deve lopmen t ,  such a s  

non-food plan t s  for the la rvae an d non -plant surfaces o f  appropriate 

physical nature . Such behavi o u r is  a b iologically feasible s t ra tegy 



1 2 9 . 

for a polyphagous insect with high fecundity ,  e . g . Wi sean a  spp . , but  

not  for  an o l igophagous insect such as t uber mo th with l imite d  egg 

p roduc t ion . Other p roperties o f  p lants mus t therefore guide 

choice of ovipo s i t ion s i te and the mo st l ikel y  � prio r i  choice i s  

chemica l . 

The p re sent s tudy has shown clearly tha t  selection o f  plants 

for ovipos i ti on is guided by s t imula tive substan ces in hos t  plants 

and by de terren t s ubstan ces in non-ho s t  plants . Such substances  

are unl ikely to  be involve d  in  a t t raction ( o r  repellen c e )  f rom a 

dis tance howeve r ,  as they do no t seem to be vo l a tile and require 

con tact b y  the insect  for de tec t io n . Qui te how they are detected 

in the intact leaf is uncl ear , a s  for the mo s t  part they are 

re leased only when the plan t  t i s sue is  c rushe d .  There is the 

possib i l i ty however that probin g  o f  the plant surface by the insec t  

with i ts oviposito r  might b e  suff ic ien t fo r detection as mild 

ab rasion of the leaf surface wi tho ut the re lease of p lan t j uices 

did induce a re sponse in some case s .  No evidence has b een p ro duced 

from the p resent s tudy to in d i cate whe the r s ingle  chemical 

ent i ties  are predominan t ly invo lved or whe ther the ins e c t s  re�pond 

to the total chemical senso ry input from the plan t .  I t  may be 

concluded  tha t the mo s t  f avoured natural ovipo s ition s i te s  wil l  be  

those that comb ine op timum phy s i c a l  p roperties wi th maximum chemical 

s t imula t ion . The non-vola t i l i ty of  these oviposi tion s t imulan t s  

and de t errents  d o e s  not p rec lude the po ssibil ity that o rienta tional 

responses o f  f lying adul ts to p l ant odours could take p lace involving 

o ther chemic al s .  Th i s  wa s not inves tigated in the p re sent s tudy . 

I t  i s  in t e re s t ing to note that toma to performed l ike known 

non-hos t  p lants as rega rds oviposition behaviour rathe r than. l ike 

prime known hos t p lants . The s ame was a lso true to a cons iderable 

ex ten t with regard to behaviour o f  f i r s t  instar larvae ( see later  

discus s ion ) . Potato Tuber Mo th is no t regarded as a sign i f ic an t  

p e s t  o f  toma toe s i n  New Zealan d though i t  is recorded a s  such in 

some o ther coun t rie s . A related species ( S c robipalpa plae sio sema 

( Turne r ) ) does o ccur sporadical ly as a pest  of toma toe s  in New 

Zealand ( Fe rro 1 9 7 6 ) . I t  s eems l ikely the re fore tha t the genetic  

s train o f  Phtho rimaea ope rcule lla  p resent in  New Zealand is no t wel l  

adapted to this plan t .  
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A mor e  sub tle in teraction of  insect and ho s t-plan t  has been 

revealed by the discove ry tha t fecun d i ty is s ign i f ican t ly boo s ted by 

the presen ce of potato tubers . Fur the rmo re , the e f f e c t  seems to b e  

p r imarily o n e  o f  odour so tha t the me chan i sm may be q u i t e  d i s t inct 

from that gove rning cho i ce o f  ovipo si t ion s i te .  Similar effec t s  

p robably a l s o  o c cur with o the r p r ime ho s t  p lant s  a s  the number o f  

e ggs laid i n  sho r t  term ovipos i t i on e xperiment s  wa s f requen tly 

s igni fi can tly  in creased by the i r  p resence . The in fluen ce of  hos t  

p lan t s  i n  thi s way appears to  accoun t  i n  part  f o r  the fact tha t  

there i s  no t a s imp le re la tionshi p f o r  this spec ies be tween 

fe cun d i ty and body we igh t .  

Al tho ugh pl an t s e l e c t ion un der  field con d i t ions is probably 

de termined p rima r ily by oviposi tion behaviour of the adul t , newly 

hatched f ir s t  in s tar la rvae wl thout p rior expo s ure to plan t  ma terial 

disc rim ina te s trongly be tween p lan t spe c ies . Th is d is c r imina tory 

abi l i ty i s  thus inna te ra the r than in duce d .  Acceptab i l ity o f  

plant species for feeding by f i r s t  instar la rvae i s  c losely rela ted 

to acce p t ab i l i ty for ov iposit ion by the adul t .  One excep t ion to 

this howeve r i s  pea wh i ch was mo dera tely we ll a ccep ted  by larvae for  

feeding b u t  was dete r rent  for  egg l aying . Salpiglossis ( So lanaceae) 

and Ipomea ( Convolvul aceae) we re also q u i te we l l  acce p t ed by larvae . 

These p lan t s  we re not t e s ted fo r o v i posi tio n  a ccep tan ce . Sugar 

bee t has b een recorded as a ho s t  plant for Po ta t o  Tube r  Moth in 

Europe (Ha ines 1 9 7 7 )  but s i lver b ee t  in the p resent s t udies wa s 

nei ther accepted for ovipos i t ion nor for feeding by larvae . 

Al though f i r s t  instar larvae have we l l  developed disc r imina tory 

abi l i ty the i r  capacity for hos t  p l an t locat ion i s  poo r .  Their  

movemen t  f o r  the mo s t  part  is non-d i re c t ional wi th respect  t o  plan t 

material even when placed in close p roximity . The re are however 

arrest an t  p ropert ies possessed by ho st plan t s  which induce l arvae to 

remain on them on ce con tact has been made . Non-ho s t  plan t s  (which 

a re no t rep e l len t )  on the o ther han d do n o t  po ssess such prop e r t i e s  

s o  tha t i f  larvae encoun ter them the ir movemen t is no t arres ted . 

Such behaviour i s  obviously con s i s te n t  wi t h  the no rma l s i te o f  egg 

laying be ing dire c t l y  on p lan ts wh i ch are s u i table for larval feedin g .  
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The main f in d ings wi th respect to  this part of the the s i s  

( re fe r  to  poin t s  1 thro ugh 6 o f  Table 1 )  are summa r i zed in Tab l e  3 7 .  

Some contribu t ion has b een made t o  a l l  q ues t ions w i th the except ion 

of 1 .  - host p lant  l o c a t ion by the adul t - which was not  examined .  

Poin t s  7 through 9 o f  Table 1 are mo re pert inen t to  d i s c uss ion o f  

the re l a t ive suscep t i b il i ty o f  po tato cu l t iva rs which fol lows . 

Tab l e  3 7 .  Effec t s  o f  plant ma teria l on behaviour of adul ts and 

f i r s t  ins tar larvae of potato tuber mo th 

Deve lopmental stage Behav ioura l s tep 

1 .  Ma ture virgin 
adul t 
( d and <jl ) 

2 .  Ma ture vi rgin copulation 
adul t 
( d and <jl ) 

3 .  Ma ture female ovipo s i t ion 

4 .  Ma ture female fecun d i t y  

5 .  Newl y  hatched plan t l ocat ion 
1 s t  instar la rva 

6 .  1 s t  instar larva plant recogni tion 
and feeding 

Plant in f luence 

At t rac t ion and /o r  arres tance by 
ho s t  plan t , repe l l ence b y  non­
ho s t  plan t .  No t examined . 

Presence o f  hos t  plan t  no t 
req u i r ed . 

S t imula ted by contact with ho s t  
plant s .  De te rred by con t a c t  
wi th non-ho s t  plants . 

St imulated by presence o f  ho s t  
plan t . 

Mo vemen t ar res ted but  no t 
a t t ra c t ed by ho s t  plan t s . 
Mo veme nt not  arres ted , no t 
repel led b y  non-ho s t  plan t s . 

Abi l i t y to discr imina te 
inher i ted . 
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In laboratory compa r isons d is t in c t  d i f ferences were found 

be tween po tato c u l t ivars w i th respec t to ovipo s i t ion p re ferenc e 

( tubers ) , suc c e s s  of l arva l estab l i shment and development ,  and 

fecun d i t y .  Such di fferences  largely a ccoun ted for the dif ferences 

in relat ive suscep ti b i l i t y  of cul t ivars found under f i e l d  cond i t ions . 

Ovipos i t ion preferences be tween t ubers o f  d i fferent po ta to 

cul t ivar s  are p robab l y  due to  both chemic a l and phys i c a l  factors as 

pre f er ence  change d depending whe ther tubers we re covered in a l ayer 

of  mus l in or n o t . Non-pref e ren c e  was no t suf f i c ien t l y  marked to 

produce any d i f fe ren ces b e tween cul t iva rs i n  non-choice tes t s .  

The d i f f erences recorded b e tween cul tivar s  in terms o f  

percentage pupae rec ove red rela tive t o  numbers o f  first  ins tar l a rva e 

introduced co uld  be due b o th to  suc c e s s  o f  larval es tabl i shmen t and 

to sui tab i l i t y  of the c u l t ivar for growth and deve lo pment .  Tha t  the 

ski n of potato  tubers does p resent a phys ical barrier to l arva l 

p ene t ra t ion i s  indicated by  the fac t that pricking the skin improved 

percen tage pupa tion for a l l  c ul t iva rs . The relationship i s  howeve r 

obvious l y  no t a simp le one as no co rre l a t ion was found be tween 

physical  r e s i s tance of tuber skin to  rupt ure and percen tage pupal 

re covery . Different i a l  larva l mo r ta l i ty after pene t ra t ion could 

also o f  course c ompl icate  the p i c t ure . 

Dif ferences in fecund i t y acc or ding to the cul t iva r on whi ch 

the l arvae fed we re no t primar i l y  a ma t t e r  of  pupal s i z e  so that 

nutri t iona l fac tors of  pa r t i c u l a r  rel evance to egg p roduc t ion mus t  

a l so be invo l ved . 

Al though none of the pot ato cul t iva rs examined is r e s i s tant 

to P o tato Tub e � Moth in a prac t i ca l  sense , dif fe rences be tween 

c ul t ivar s  we r e  sufficient to  sugge s t  tha t a searc h for more res i s tant 

mat erial amongs t tube r fo rming So l anum s pec ies would be worth whi l e . 
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