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ABSTRACT 

Rela t ionshi ps be tween toma to  frui tworm( Heliothis  armigera confer ta  

Yalke r )  and four hos t  plan t s ( lucerne , toma t o ,  as ter , sweet corn ) were 

s tud i ed in f ield , greenhouse and con t rolled labora tory cond i t i ons  at 

Palmers t on Nor t h , New Zealand during 1 98 4-1 986 . The obj ect ive o f  the 

field  t rials was t o  inves t igat e  seasonal development ,  populat1on growth  

and feed ing behavi our  of  larvae on  the four  hos t  plan t s . In  t he 

laboratory , ovi pos i t i on 

e f f e c t s  o f  larval foods 

preference wi thin  and be tween plan t  s pecies , 

on 

quali ty ,  f eedi ng preference 

developmen t ,  parame ters o f  

and induc t ion of  feedi ng 

d i f feren t foods were inves t igat ed . 

larval food 

preference by 

In t he f i eld very few ( male ) mo ths were caugh t by pheromone t raps 

before January , numbers reached a peak in  March and had declined to zero 

by la te  Apr i l . Individual me teorological  parame ters  (minimum n igh t 

t emperature ,  maximum day t emperature and rainfall ) showed no s i gn i f i cant 

cor relat i on wi t h  mo th  catches . On mature s t ages of  the four plan t s  

larvae fed preferen t i ally on t omato  frui t s , swee t corn cobs and as ter  

f lowers over  p lant leaves but  were  hardly observed a t  all  on lucerne . 

Glasshouse experimen t s  showed that female mo ths preferred t o  

ov ipos i t  on the upper half o f  plan t s , leaves were preferred over o ther 

plant par t s  and upper leaf surfaces were preferred over lower leaf 

s u rfaces . Ovi pos i t i on preference was however  af fec t ed by the flowe r i ng 

s tage of  the plan t s . At  the pre- flower ing s tage lucerne was the mos t 

preferred but  a t  f lower ing as ter  was t he mos t  preferred . Odour played a 

s igni fi can t role in  plant selec t i on for ovipos i t ion . 

Di f fe rent larval foods gave sign i f i can t d i f ferences in  growt h  and 
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devel opment  o f  the insec t a s  measured by several b iolog i cal parameters . 

Vhen larval peri od , mor tal i ty ,  percen t pupa t i on ,  pupal weigh t , adul t 

fecundi ty and l i fe span were combined into  an overall f i tness i ndex 

repr oduc t i ve par t s  of  all plan ts ( flowers , f rui ts and cobs )  gave be t te r  

per f ormanc e  than leaves . 

Dry mat ter  con tent ( and i ts reci procal water con t en t )  and n i t rogen 

con tent  of foods , considered alone or combination ,  d id  no t prov i de an 

adequate measure of food quali ty  for  larvae . Larval growth rate  on a 

par t i cular food was clearly influenced by rate  of  inge s t ion o f  that food 

and l arvae tended to consume less of  those foods that were more read i ly 

d iges ted and assimilated .  The n i t rogen requi rement of  � . armigera larvae 

for adequate growth and development appeared to  be low at about  1 . 9% of  

d ry ma t te r  whi ch was approxi mately the n i t rogen level  found i n  t he 

reprodu c t i ve par ts  of  the plan t s .  

Newly hatched larvae expressed clear preferences for  par t i cular 

plan t species in the order lucerne leaves > t omato leaves > as ter leaves 

> swee t corn leaves . However ,  t hese preferences could be mod i f i ed i n  

la ter larvae by eatly feed i ng experience b u t  ar t i f i cial  d i e t  ( based on 

kidney bean ) had l i t t le e f fec t on food preference . Feeding preference 

for  reproduct ive par t s  of plan t s  was more s trongly expressed than for  

leaves and reproduc t ive par ts evoked greater  induc t ion of  preference . 
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Tomato  frui tworm , Hel i o th i s  armigera( Hubner )  i s  a maj or  pes t 

t h roughou t the t ropics  and subt ropics and , t o  a lesser exten t , tempera t e  

reg i ons . Many common names have been appl ied t o  t h e  larvae o f  th i s  

species i nclud i ng bean pod borer ,  bollworm , climbing cu tworm , common 

bol lworm , co t t on bol lworm , gram podborer , flower caterpi l lar , l ucerne 

budworm , tobacco budworm and t oma to worm or grub , whi ch refer to the 

crop  a t tacked and feed ing habi t of  larvae , and ap t ly allude to the more 

i mpo r t an t  inj ury caused (Broad ley , 1977 ; Zalucki et al . , 1 986 ) . 

� . armige ra has been recorded throughou t Af r i ca ,  As i a ,  Aus t ralas ia , 

Europe and Sou th  Pac i f i c  I slands bu t no t i n  Nor th or Sout h  Ame r i ca .  In  

the  New �orld Hel i o this  i s  represented by  the  species , � . zea and the 

c losely relat ed H . v i rescens . 

areas where hos t plants  and 

High populat i ons of � . armigera appear i n  

al terna t i ve hos t plan t s  are avai lable 

throughout  the year espec i al ly in  trop i cal and sub t rop ical  reg i ons . The 

h i ghes t number of annual gene rat ions , and more ove r lapp i ng of 

generat i ons , occur in these areas wh i le in  temperate regions only 2 or 3 

generat i ons are usually found due to  overwintering and d i apaus i ng 

pupae ( A t anasov , 1964 ; �angboonkong , l975 ) . 

Mo ths o f  � . armigera cause no plan t  damage as they merely feed on 

nec tar . However ,  the larvae , as the l i s t  of  the common names i mpl i es , 

have been known for many years as seri ous pes ts o f  wi ld and cul t iva t ed 

plant s  throughou t the world . Two p lan t fami lies , Legumi nosae and 

Sol anaceae , f igure mos t prominen tly as hos t s  for larvae a l though genera 

from  a great number of  plan t famil ies  are l i s t ed as hos ts . These two 
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plan t fami lies , Leguminosae and Solanaceae , are cons i dered as primary 

hos t s  for the species (Hardwick , 1965 ; Ki rkpa t r i ck , 1961 b ) .  

In New Zealand , � . armigera conferta(Walker )  occurs on a wide range 

of w i ld and cul t i vated plan t s , and is known as tomato  frui tworm or corn 

earworm because i t  is  recorded as a maj or pes t on t omatoes , swee t corn 

and mai z e ( Helson , 197 2 ;  Sco t t , 1984 ) . 

New Zealand bu t espec i ally in  

d i s t r ibut ion i s  probably mai n t ai ned 

The species i s  

the Nor th I sland . 

by spring and 

found 

I t s  

summer 

throughou t 

sou t herly 

migran t s . 

Adul t s  emerge wi th  the warmer spring wea ther , beginning abou t Oct ober in  

nor thern areas and later  in  sou t hern areas ( Gaskin , 1970a ;  

Valen t ine , 1975 ) .  There generally are 3 generat i ons a year and more 

over lapping of genera t i ons occurs in the more nor t herly regions . 

H ighes t popula t i ons are usually recorded from the lowland areas o f  the 

warmer Nor th Island . Heavies t  infes tat i ons o f  crops by larvae are in  

la t e  summer be tween January and March (Cameron and Valen t i ne ,  1985 ; 

Davies , 19 7 3 ; Fox , 1970a ) . Overwintering ( and d i apaus ing) pupae are 

usually present from Apr i l  to Sep tember . 

The impor tant pes t s t a tus of � . armigera and of the Hel i o t h i s  

complex in  general has been repor ted from many coun t r i es . The wide hos t 

range o f  mos t species causes a range of  economi c  effec t s  resul t i ng from 

larval feed i ng and cos ts  o f  cont rol measures have in some ins tances been 

es t ima t ed . For example , the damage by � . zea to  var i ous crops i n  the 

Uni ted S t ates  has been es t i mated to  be in  hund reds o f  m i l l i ons of 

dollars ( Hyslop , 1927 ) . W i lson ( 1982)  in Aus t ral ia es t i ma t ed the cos t of 

Hel i o th i s  con t rol in  1980 to  be abou t A$ 23 . 5  m i ll ion . In Tha i l and , 

� . armig�ra has been cons idered as t he s i ngle mos t impor tan t  pes t o f  

co t t on whi ch almos t complete ly des t royed t h e  c r o p  in  1 9 7 5  

( Wangboonkong , 1975 , 1981 ) . In India ,  Lal e t  al . ( 1 985 ) es t ima ted mone t ary 
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loss f rom chi ckpea infes t a t i on by � . armigera at  about Rs 450 m i l l i on per 

yea r . 

Up to the present , mos t ef fort has been d i rec ted towards chemi cal 

con t rol  and recommenda t i ons for insec t i c ide use on vari ous crops . 

M i c robiological con t rol agen t s  such as Baci llus thuringi ens i s  and 

nuclear polyhedros is  virus 

pyr e throids have been used 

and bo tani cally based insec t i c ides such as 

commercially ( Daous t and Roome , 1 974 ;  

For res ter , 1985 ) . The wides pread use o f  insec t i cides not  only may c rea t e  

res i due probl ems in the envi ronmen t bu t can also induce the deve lopmen t  

o f  i nsec t res i s tance . Res i s t ance has occurred mos t no tably t o  DDT ( Twine 

and Kay,197 3 ;  Yi lson , 19 74 )  bu t res i s tance to  syn t he t i c  pyre throids  has 

recen t ly been de tec ted in Aus t ralia (Gunning et al . , 1984 ) and in  Thai land 

( Co l l i ns , 1986 ;  McCaffery e t  al . , 1986 ) . 

Many a t t empts have been made to mani pulate pes t populat ions so  as 

to main tain t hem below t he economic  threshold and in tegrat ed pes t 

managemen t programmes have been dis cussed and appl ied to  some pes t 

species . Zalucki e t  al . ( 1986 ) have proposed poten t ial tac t i cs for 

Hel i o th i s  managemen t for regi onal schemes t hat  would include des t ruc t i on 

and / o r  managemen t o f  al terna t ive hos t s ,  d i s rupt i on of  mat ing behaviour 

by pheromones and release o f  s t erile males . These po ten t i al tac t i cs may 

no t be successful unless the fundamen tal  ecology and bio logy o f  the 

l o cal  popula t ions are wel l  unders tood . Thus amongs t o t her things l i s t s  

o f  hos t s  and al terna t i ve hos t s  i n  an area , seasonal development o f  pes t 

popula t ions and relat i onships be tween the insec t and i t s hos t plan t s  in  

t erms o f  ovi pos i t ion and feed ing preference are needed . 

D�spi t e  the cons iderable economic  impor tance o f  � . armigera and 

need for i t s managemen t in New Zealand , work on hos t-plan t rela t i onships  

is  l imi t ed .  Thus s tud ies were ini t iated i n  t he f ield , greenhouse  and 
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unde r  con t rol led laboratory cond i t i ons at  Palmers t on Nor t h ,  New Zealand 

t he main  obj ec t ives o f  whi ch were : 

1. To inves t igate seasonal developmen t  and popula t ion growt h  o f  

� . arm igera on four hos t plan t s  in field plo t s . 

2 .  To i nves t igate the preference o f  larvae be tween four plant 

species and to observe larval feeding behaviour . 

3 .  To determine ovi pos i t i on pre ference wi th in  and be tween four 

plan t s pecies . 

4 .  To s tudy t he e f fec t s  of  larval foods ( plan t species , plant 

par t s  and art i f ic ial diet )  o n  developmen t .  

5 .  To defi ne parame ters  o f  larval food quali ty 

6 .  To inves t igate feed i ng preference of larvae and induc t i on o f  

feed i ng preference by d i f fe rent foods . 
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LITERATURE REVIEV 
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Th is  l i t erature rev iew considers f i r s t  the genus Hel i o t h i s  b roadly 

t hen deals s pec i f i cally wi th  Hel i o t h i s  armigera wi th  which t he 

exper imental work reported in  this  thes is  was concerned . 

Species o f  the genus Hel i o this are maj or  pes ts  throughou t the 

t ro p i cs and sub t ropics and , to  a lesser exten t , in  t empera te  regions . 

The New Vorld species , He l i o t his zea ( Bodd i e )  and t he closely related Old 

Vorld s pecies , Hel i o this  armigera ( Hubner ) ,  are in each hemi sphere maj or 

agri cul tural pes t s .  Associa ted wi th them i n  d i f feren t par t s  of  the 

world are o ther closely related spec ies such as � . v i rescens ( Fabric ius ) 

i n  the Uni ted Sta tes o f  America and � . punc t igera (Vallengren ) in  

Aus t ralia  ( Hardwi ck , 1965 ; Common , 1953 ) . The genus Hel io this  and i t s 

complex of  species cons t i t u t e  a morphological and bi ological rela t i vely 

homogeneous group and the informat ion revi ewed in  this  chap ter  reflec t s  

these common characteri s t ics . 

BIOLOGY OF THE GENUS HELIOTHIS 

Many common names have been applied to  the larvae o f  the genus 

Hel i o th i s . Those mos t  commonly encountered are corn earworm , t omat o  

frui tworm , t obacco budworm , co t ton bollworm , lucerne budworm , gram 

podborer and flower caterpi l lar , whi ch refer to the crop a t tacked , and 

ap t ly allude to the mos t  impor tant inj ury caused by the larvae 

( Broadley , 1 977 ; Zalucki et a l . , 1986 ) . Iden t i f i cat ion to  speci es o f t en 

causes some d i f f i culty because of the c lose s imilari ty  in ex ternal 
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appearance o f  adults  and immature s tages and the sl igh t  d i f ference o f  

eggs . The mai n  fea tures used to  d is t inguish Heli o this  species  a r e  w i ng 

scales of  newly emerged mo ths , geni talia  and the c remas ter  o f  pupae 

(Ki rkpa t r i ck , 1961a) . 

The following d iscuss i on of  Hel io this  l i fe h i s t o ry and hab i t s  i s  

cen t red o n  � . armigera but the same bas i c  pa t tern is found in  o ther 

species . 

F i rs t , the four l i fe s tages-adu l t , egg , larva and pupa are cons i dered 

separa tely . 

l . Adul t 

The s tou t-bodied moths are of  typi cal Noc tuid appearance , vary 

c ons iderably in  colour , but are generally dull yellow or ol ive-grey t o  

brown w i t h  a series of  dark , i rregular , t ransverse l i nes across the 

forewi ng .  The wing span i s  abou t 35 to 40 mm . There  are two c i rcular 

s po t s  on each forewing . The large spo t i s  abou t hal f-way between the 

base and apex of  the wing ,  and the smaller one near the base . The 

h i ndwi ng is pale , w i th  s t rongly marked veins and a broad , dark api cal 

border wi t h  two l igh ter spo ts  in i t  ( Ki rkpa t r i ck , 196la ; Zalucki et al . ,  

1986 ) . Mo ths are noc turnal in  hab i t ,  flying ,  ma t ing and laying eggs a t  

dusk and o f t en res t on crop plan ts  dur ing dayl ight  hours (Gri chanov , 

198 3 ; Roome , 1975 ) . However , par t i cularly i n  higher lat i tudes , adul t s  

o f  H . zea may be observed feed ing and ovipos i t ing i n  great numbers during 

the late  af ternoon and evening . This  may be par t ially in  response t o  

low nigh t - t ime temperatures whi ch inh i b i t  normal Noc t u i d  ac t i vi ty 

( Hardwi�k , 1965 ) . Moths usually feed on f lower nec tar and an ample 

supply of nec tar subs tan t i ally increases egg produc t i on .  Nec tar  

avai lab i l i ty may par t i ally explain why ov i pos i t i on co- i nc i des wi t h  
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f l ower ing of hos t plan t s  (Broadley , 1 977 ; Roome , 197 5 ) . However ,  

Lukef ahr  and Mar t in( 1964 ) demons t ra ted that H . zea in  the Uni t ed S t a tes  

was able t o  mate  and ovi pos i t  wi thou t hav i ng fed bu t abou t a 50% 

increase in both  fecund i ty and longevi ty resul t ed when adul t s  fed on  a 

sucrose solut i on . Kravchenko ( 1984 ) reported that  there were three 

ac t ive per iods per 24 hours of  � . armigera mo ths in  cages and in  co t t on 

f ields , the morning and the evening periods being rela ted to  feed ing and 

t he n ight one to ma t ing . Moreover , Pat i l  e t  al . ( 198 1 )  s howed that  

females o f  � . armigera were more act ive pre-midnight  and males were 

ac t ive in the pos t-midnigh t period . Mo ths usually copulate  2 t o  4 d ays 

af ter  emergence . One ma t ing is suf f i c ient for product ion of fer t i le 

eggs though females are able to  ma te  6 to  7 t imes . Mos t eggs are la id  

wi t h i n  the  f i rs t  five day s ( Coaker , 1960) . The number o f  eggs la id  and 

dura t i on of adu l t  l i fe a re affected by food ava i lable to adul t s , bu t 

t here is  no s igni f i can t e f fect  on the fer t i l i ty of  eggs . Al t ho ugh 

ovi pos i t i on occurs even i f  only water  is provided to adul t s ,  the number 

of eggs laid is  reduced ( Mour ikis and Vas s i laina-Alexopoulou , 19 7 0 ) . 

Adu l t  l i fe span is  be twen 6 and 15 days and there i s  no d i f ference  

be tween t he sexes . However ,  adul t l i fe span i s  h ighly af fec t ed by food 

avai lable to  adul ts  and to larvae (Abul Nasr � al . , 1976 ; Ayad , l 9 7 7 ; 

Pre t orius , 1976 ) . 

Al t hough the number o f  plant species on which Hel i o th is  w i l l  

ovipos i t  seems almos t l imi t less , each species seems to  prefer cer t a i n  

hos t plan t s  in  d i f feren t geograph ical areas ( Alvarado-Rodriguez e t  a l . , 

1 982 ; Doss , 1979 ; Farrar and Broad ley , 1 985; Mabbe t t  and Nachapong , 

1984 ) . :Eggs are usually depos i ted on the upper half of  the plant and on  

bo th  sur faces o f  the plant  par ts  such as  terminal growth , leaves and 

flowers . In Ind ia and Thailand , � . armigera prefers laying eggs on  
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co t ton to  o ther hos t plan t s , par t i cularly on  leaf  terminals and brac t s  

and mos t  eggs are found on the f i rs t  three leaves from t he t o p  o f  the 

s tem ( Mabbe t t  and Nachapong , 1 984; Pa tel  e t  al . , 1974 ) . At anasov ( 1 964 ) 

showed tha t  � . armigera laid eggs on all par t s  of  mai z e  plan t s  bu t 

preferen t i al ly on leaves . In the Uni t ed S ta tes , �ids t rom e t  al . ( 197 7 )  

s t ated tha t  � . z ea pre ferred to ovi pos i t  on the adaxial surface o f  young 

leaves on the middle por t ion o f  the leaves o f  corn and 

Alvarado-Rodri guez et al . ( 1 982 )  repo r t ed that H . zea mo ths demons t ra t ed a 

highly s ign i f i can t pre ference for ov i pos i t ion on leaves o f  toma t o  ra t he r  

than o n  bloom , f rui t s  or s t ems . The lat ter  also repo r t ed that  no 

preference was shown for dorsal vs ven t ral leaf surfaces . In  Aus tral i a ,  

Fi rempong ( 1986 ) s tud ied ovi pos i t ion o f  � . armigera on 9 hos t  plan t s  and 

demons t ra t ed tha t there were s i gn i f i cant d i f ferences be tween cer tain  

plan t s  wi t h  insects  from some populat ions bu t not  from o thers . He also  

found no  correlat ion be tween adu l t  ovipos i t i on and larval feed ing 

preferences . 

2 . §gg 

An ind ivi dual moth has been known to  lay over 3000 eggs , but  t he 

average i s  abou t 1000 . Eggs are depos i ted s ingly on selec t ed par t s  o f  

the hos t plan t s ( Broadley , 197 7 ) .  A Hel io th is  egg i s  typically sub-

spher i cal , be ing shor ter than wide . Eggs of  di fferen t spec ies  o f  

Hel i o th i s  a r e  remarkably uni form i n  s i ze , varyi ng from a mean he igh t o f  

0 . 42  mm i n  H . vi rescens to 0 . 59 m m  in H . zea . The chor ion i s  marked wi t h  

2 8  t o  3 5  ver t i cal ribs , mos t ribs be ing en t i re bu t some b ranched . The 

mi cropyle i s  in  the middle of the summ i t  and is surrounded by a smoo th  

r i bless area . The eggs of  d i fferen t species can usually be  iden t i f i ed 

by a varia t i on in  the re t i cular pa t tern in the mi cropylar area . Only in  
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� . hawai i ens i s , are the cells o f  t he f i rs t ,  second and th i rd series  and 

the cross-walls of the r ib  cells consis t en t ly well  de f ined . In  t he 

o ther spec ies , these are o f ten weakly or  only par t ially def ined . When 

depos i ted , t he egg is yel lowi sh-whi te and gli s t ening , excep t for the egg 

of H . rubrescens which i s  dark yellow . Abou t 24 hours before ha tch ing 

the colour changes to  l igh t -grey or dark brown as t he larva ma tures 

w i th in  t he chorion ( Hardwick ,  1965 ; Ki rkpa t r i ck , 1961a ; Pearson , 1958 ) . 

3 . Larva 

The larva leaves the egg by chewing an exi t hole in t he upper par t 

o f  t he con f ining egg shel l .  Ha t ching t akes abou t 30 minutes and newly 

hat ched larvae usually consume their  egg s hells  (Wangboonkong , 1 975 ) . 

The newly emerged larva is  abou t 1 mm i n  leng t h , wi th a yellowi sh-wh i te  

to  reddi sh-brown body and black head capsule wi thout prominen t markings . 

In t he second ins tar , the head is  simi lar in  colour t o ,  or  paler t han , 

that o f  the f i r s t  ins tar . The trunk becomes darker as t he larva 

increases in s i ze ,  and is o f ten marked dorsally wi t h  orange-brown or 

brown . In the t h i rd i ns tar , two colour phases  o f ten become ev iden t . 

They vary from green to brown and are marked by numerous , f i ne , 

longi tudinal l ines o f  whi te  or cream . These two colour phases are 

main tained through t he f i f th ins tar . The pat tern from the t h i rd to  t he 

f i f t h  instar  becomes more sharply de f i ned bu t the essen t i al fea tures 

rema i n  unchanged ( Hardwick , 1 965 ; Pearson , 1958 ) . Large larvae are more 

s t rongly coloured than small ones and have dis t inc t , longi tudinal 

s t r i pes suf fused wi t h  variable coloured markings . Overall pigmen tat ion 

o f  larv�e may be either green , fawn , p ink ,  yellow or brown , only the 

claws and spi racles remaining black . The skin has a charac t er i s t i c  

granular appearance and can be seen under magni f ica t i on to  b e  rough . 
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The surface cons i s t s  o f  close-se t, minute tubercles . In add i t i on t o  3 

pai r s  o f  t rue legs a t  t he fore end each larva possesses 4 pai rs  o f  false  

legs i n  the middle and 1 pai r of  false legs a t  the hind end of  t he body . 

Thi s  arrangemen t al lows the larvae to move i n  an undulat i ng fashi on .  

There are normally 5 t o  6 ins tars,bu t excep t ionally 7 i ns tars are f ound 

duri ng cold cond i t i ons when larval developmen t is prolonged 

(Hardwick , 1965 ; Helson , 1972 ; Ki rkpa t r ick , 1961a) . 

Feed i ng begins shor t ly a f t er emergence from the egg , and con t i nues 

un t i l  the  larva is fully grown . Larvae are cannibal i s t i c  and usually 

only one full-grown larva i s  found in a conf ined space , for ins t ance , 

the t i p  of  a corn cob ( Joyner and Gould , 1985 ; Me t calf and Fli n t, 1 95 1 ; 

Twi ne , 197 1 ) .  

4 . Pupa 

The fully grown larva moves off  the hos t plant and t rans forms i n t o  

the pupa i n  a specially cons t ruc ted chamber  i n  the soi l .  Broadley 

( 197 7 ) , Hardwick( 1965 )  and Ki rkpa t r i ck( 1961a)  have descr ibed t he pupa o f  

the genus Hel i o th i s . I t  possesses the following charac t ers : 

When f i rs t formed, the pupa i s  l igh t -green or  yel l ow-brown, 

smo o t h-surfaced , rounded both  an ter iorly and pos ter i orly , and s o f t

bod i ed . Three or  four days af ter pupa t i on ,  the pupal case rap i d ly 

hardens and the colour slowly changes to dark-brown or mahogany-brown . 

Three dark spo t s  appear i� an obl ique l i ne in  the eye . At  the pos ter ior  

end , t he cremas ter  cons i s t s  of two spines borne d i rec t ly on the rounded 

terminus of the ten th  abdominal segment, or on an api cal prolonga t i on of 

that  segmen t .  The d i s tance be tween the outer  edge o f  t hese c remas t e r  

spines a t  the j un c t i on w i th  t h e  cremas ter  d i f fers be tween spec i e s  and 

has been used for iden t i f i ca t i on wi thin  t he genus (Ki rkpa t r i ck ,  1961a ) . 
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Durat i on of  the pupal s tage i s  usually 1 2  to  20 days . However ,  

when cond i t i ons are unsu i table , for example during w i n te r ,  several 

mon ths may be requi red before developmen t is comple ted ( Akkawi and Sco t t ,  

198 4 ;  Kay , 1982a ; Lopez e t  al . , 1984 ; Wi lson , 198 3 ) . 

The to tal l i fe span o f  Hel io th i s  var i es , depend i ng on spe c i es , 

food and envi ronmen tal  condi t ion .  Li fe  h i s tory data shown i n  Table 2 . 1  

i s  tha t  o f  S ingh e t  al . ( 19B2 ) for � . armigera in  New Zealand on 

ar t i f i ci al d ie t  under labora tory cond i t i ons a t  25 °C  and 18 : 6 ( L/D ) 

pho tope r i od . 

The average genera t i on t ime from egg t o  egg was about 38 days and 

t he sex rat io was 1 : 1 .  There were 6 or 7 larval ins tars . De t a i l s  are 

shown i n  the Table 2 . 1 .  
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Tab l e  2 .1  Devel opment of  Hel io this a rmigera conferta on an 

artificial diet at 25+1VC an d 18:6 ( L/0) photoperiod .  

( data of Singh et�-· 1982) 

F ea tu re 

Larva l  period ( days } 

Prepupa l period ( days } 

Pupal  period ( days } 

To tal s urvival to pupa ( %) 
( incl udes diapa us ing p upae) 

Pupa l we ight (mg )  : Ma l e  

: Fema l e 

Survival to adul t (%) 
Ad ul t l ife s pan ( days } : Ma l e  

: Fema l e 

P re-ovipos ition period ( days )  

Fecundity {eggs /femal e) 

P upal  diapause ( %) 

Diapause dura tion  ( days ) 

Mean+ S . E .  

1 7 . 3  + 0 . 2  

3 . 9  + 0 . 1  

1 3 . 7  + 0 . 3  

99 

407 . 5  + 8 . 5  

392 . 4  + 7 . 8  

99 . 5  

12 . 0 + 1 . 6 

1 1 . 9  + 0 . 8  

2. 7 + 0 . 2  

973 . 0  + 121 

36 . 9  

129 . 7  + 6 . 2 
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DISTRIBUTION 

The genus Helio this  i s  widely d i s t ributed in  t ropi cal and 

temperate  regions o f  the wor ld as shown i n  Table 2 . 2 .  The New Wor ld 

species , � . zea i s  found in  Nor t h  Amer ica and Sou th  Ame r i ca from Canada t o  

Uruguay . I n  Sou th  Ameri ca Hel i o t h i s  i s  represen ted by t he endemi c group 

of  species  cons i s t ing of � . a t acamae , � . brac teae , � . gelotopoeon and 

H . t i t i cacae . � . v i rescens , closely related to  � . zea , i s  common in  the 

Uni ted S t ates  and has been repor t ed as an impor tan t  pes t o f  co t ton in 

Peru ( Pearson , 1958 ) . In Europe , � . armigera i s  the mai n  spec ies and 

occurs in the south o f  the region , especial ly along t he Med i terranean 

coas t ,  where � . pe l t igera also is recorded occas ional ly ( Pedgley , 1 9B5 ; 

P ie tanza , 1968 ) . The Old World spec ies , � . armigera i s  also an impor tan t 

pes t  t hroughou t Africa .  I t  i s  abundan t i n  eas tern A f r i ca , includ i ng 

Madagascar . O ther  species wh i ch are occas i onally repor t ed from Af r i ca 

are � . assul t a ,  � . d ipsacea , � . f l e t cheri , � . pe l t igera and � . todd i , and 

H . helenae on St . Helena Island . In As i a , the genus i s  represen ted by the 

widely d i s t r i buted � . armigera ,  and geographi ca l ly res t r i c t ed 

H . t i be tens i s  ( Coaker , 1960 ; Hardwick , 1965 ) . The four mai n  species found 

in Aus t ra l i a  are � . armigera , � . punc t igera , H . assul ta  and H . rubres cens 

and t he new spec ies , � . prepodes ( Common , 1953 , 1985 ; Ki rkpa t r i ck , 1961a ) . 

Of  those only the f i rs t  two spec ies have been recorded in New Zealand 

and � . punc t igera only as an occas i onal immigran t .  On the i s lands of the 

Pac i f i c  Ocean , Hel i o this  is vari ously represen ted by � . armigera , 

� . assul t a ,  � . pac i f i c t a ,  � . confusa , � . pallida , H . hawa i i ens i s  and H . zea . 

The last two species are commonly found in  Hawa i i  ( Gaskin , 1 970b ; 

Ki rkpa t ri c k ,  1961b ; Pearson , 1958 ; Valen t ine ,  1975 ) . 
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Tabl e 2.2 Dis trib ution of He l iothis s pecies in the worl d .  ( s ummarized from 

Ba-Angood , l984; Barber , l937 ; Coake r , l960 ; Common , l953 ; Dugdal e , 197 3 ;  

Ha rdwick , 1965 ; Kravchenko , l984; Neunz i g , l963 ; Pearson , l958 ; Pedgley , 

1985 ; Wangboon kong , l975  and Yuan  ��. 1965 ) 

Species North South Africa As i a  Europe Aus tral i a  New Pacific 
America America Zea l a nd  Is l a nds 

a rmi gera ( Hubn . ) 
assul ta ( Guen . ) 
atacamae ( Hard . ) 
bracteae ( Ha rd . ) 
confusa ( Hard . ) 
dipsacea ( Linn . ) 
f letcheri ( Hard . ) 
gel otopoeon ( Dya r ) 
hawii ensis (Quai . ) 
he l enae ( Ha rd . ) 
mi nuta (Hard . ) 
mol ochitina ( Berg . ) * 

pacificta ( Hard . ) 
pa 11 i da ( Ha rd . ) 
pel tigera ( Schi. ) 
phl oxi phaga (Grot . ) * 

prepodes sp . n .  

* 

* 

* 

* 

* * 

* * 

* 

* 

* 

* 

* * * * 

* * 

* 

* 

* 

* 

* 

* 

* 

* 
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Table 2.2 ( conti nued) 

Speci es  North South Afri ca As i a  Europe Aus tra l i a  New Paci fic 
Ameri ca Ameri ca Zea l and Is l a nds 

puncti gera ( Wa 11 . ) * ( * ) 
rubrescens (Wal k . )  * 

toddi ( Hard . )  * 

ti betens i s  ( H ard . )  * 

ti ti  cacae ( Ha rd . )  * 

v i res cens ( Fabr . )  * * 

v i r i p l aca * * 

zea ( Bodd . )  * * * 

( * ) = occas i onal  immig rant  
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ECONOMIC IMPORTANCE 

Helio th is  mo ths cause no plan t damage as they merely feed on 

nec tar . The larvae of several species however have been known for many 

years as serious pes t s  of w ild plan t s  and cul t i va ted c rops throughou t 

the world . The wide hos t  range of  mos t spec i es resu l t s  in  a range o f  

econom i c  effec ts  f rom larval feed ing. According t o  Hys lop{l927 ) ,  H . zea 

i s  the thi rd mos t des truc t i ve insect  pes t i n  the Uni ted S tates  a f t e r  

codl i ng mo th and cu tworms . Mone tary losses i n  the Uni t ed S ta tes  

resul t i ng f rom the  damage by � . zea to var i ous crops have been e s t i ma t ed 

i n  the hundreds o f  m i l l ion of dollars . In  Nor th  Ame r i ca ,  the mos t 

a t t acked food plan t of  H . zea i s  undoubt edly maize followed by co t ton 

( Barber , l937 ; Liap i s  et al . , l984 ) . In the Old Wor ld , � . armigera 

s i m i larly feeds on a wide var i e ty of crops and the damage f rom larval 

feeding causes economi c losses in  many areas . I t  has been repor ted that  

� . armigera is the wors t pes t of  maize in Queens land , Aus t ral ia  and on 

Guam ( Hardwick , l965 ) . In Thai land , this  species has been recogni sed as  

the mos t impor tant  pes t of  co t ton wh ich was almos t comple t e ly des t royed 

in 1975 (Yangboonkong , 1975 , 1981 ) .  In India , Lal et al . ( 1985 ) , S ingh and 

S i dhu ( 1980)  and Tewari  and Moorthy ( 1984)  assessed mone t ary loss f rom 

ch i ck pea infes tat i on by � . armigera at  around Rs 450 m i l l ion per year , 

3 3% o f  co t ton squares were des t royed and 49 . 7% of t oma to  f rui t s  were 

damaged each year . � . punc t igera , the endemic  Aus t ral ian spec ies , 

eviden t ly has as wide a hos t range as � . armigera and H . zea and has been 

serious pes t of  cot t on and lucerne along the Eas t Coas t of  Aus t ra l i a  

( Broadley , 1977 ; Ki rkpa t rick , 1961 b) . In  A f r i ca ,  � . armigera occurs 

wherever co t ton i s  grown and i s  regarded as a maj or pes t ,  as well as of 

c i t rus and marke t -garden crops in Eas t and Sou th Af r i ca .  Spec ies o f  
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Heli o t h i s  have also been known a s  minor pes t s  i n  Nor th and Wes t A f r i ca , 

wi t h  � . armigera some t i mes becoming t roblesome in t hese areas where 

out breaks result  i n  crop des t ru c t i on (Abul Nasr  e t  al . , 1976 ; 

1957 ; Daramola , 1986 ; Khalid e t  al . , 1981 ) .  

CROP SPECIES AFFECTED 

Coaker , 

Larvae o f  the genus Hel i o t his feed upon many species of  plan t s . 

� . armige ra ,  � . gelotopoeon and � . punc t igera are regarded as omnivorous , 

or  a t  leas t polyphagous . In con tras t species such as , � . assulta  and 

H . hawa i i ens i s  are more res t r ic ted in feeding habi t .  Al though a number 

of  graminaceous plan ts  bes ides maize and a few malvaceous plan t s  bes ides 

co t ton are consumed by � . armigera and � . zea , the two p lan t fam i l ies  that 

seem to  f igure mos t prominen tly as hos ts  for Hel io th is  species are the 

Leguminosae and the Solanaceae . These two plan t famil i es are cons i dered 

by some au thors as primary hos t s  for the genus ( Hardw i ck , 1965 ; 

Ki rkpa t r i ck , 196lb ; Neunz i g , 1963 ) .  Al though Heli o t h i s  larvae feed 

predominan t ly on herbaceous and low woody plan t s , they are by no mean 

con f i ned to them . Damage to f ru i t  t rees , for example mango , has been 

recorded for a number of species ( Siddappaj i , 1972 ) .  Even con i fers canno t 

be excluded f rom hos t plan t l i s t s , because larvae o f  � . armigera have been 

found a t tacking the sof t  par t s  of young radiata  pine ( P i nus  rad ia ta )  i n  

t h e  Nor t h  Island of  New Zealand (Alma , 1977 ) .  

The enumera t i on of  food plants  of  Heliothis  spec ies summar i zed 

f rom many repor t s  i s  shown in  Append i x  1 .  
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SEASONAL DEVELOPMENT 

Heli o t h i s  spec ies have been shown to  develop con t inuous ly i n  

t ropi cal  areas but wi th  increas ing la t i tude to  become more dependen t on 

pupal d i apause to survive the win ter . Larval developmen t  i s  highly 

affected by c l i ma t i c  condi t ions , bu t also by food ava i lab i l i ty ,  natural 

enemies and to a lesser ex ten t  by compe t i t ion between speci es . In mos t 

par t s  o f  the world larvae can be found on sui table hos t plan t s  

throughou t t h e  growing season and some t i mes even during w in ter 

(Broadley , 197 7 ) . In t ropi cal zones , under mos t condi t ions , populat ions 

seem to be rela t ively s t able even though preferred hos t  plan t s  may be 

l imi ted because larvae can survive and feed on many al t erna t ive hos t s . 

Vangboonkong ( 1 975 ) repor ted tha t  populat ions o f  � . armigera i n  Thai land 

were s t i ll cons tan t af ter harves t ing mai ze and co t ton as larvae were 

then usually found on various solanaceous and malvaceous plan t s . 

Envi ronmen tal  cond i t ions play a maj or role in  varia t ion o f  popula t i ons 

from year to  year . Coaker( 1960 ) and Zhang( 1 984 )  showed that  the mos t 

impor tant fac t ors o f  the envi ronmen t i n  Uganda and Chi na whi ch af fec ted 

� . armigera popula t i ons were tempera ture and rainfall . Popula t i ons were 

low during t he dry season and at low temperatures . Populat ions 

generally bui ld up w i t h  the development of  the crops , ov ipos i t ion 

s tar t i ng a few days before f lowering and inc reas ing to a max imum tha t 

coincides  w i t h  the f lowering peak o f  cul t ivated crops . In  temperate  

areas , populat ions reach a peak in summer then gradual ly decl i ne to 

spend the w in ter in  pupal diapause . 

U�der relat ively unfavourable cl ima t i c  cond i t ions , for example in  

temperat e  areas wi th  a cold winter  per iod , Heliothis  spec ies  generally 

have only 2 or  3 genera t i ons a year and mos t  o f  t he t i me is spen t as 

pupae overw i n t ering or in  pupal d i apause . Atanasov( 1964 ) , Twine ( 1978 ) 

and Yuan e t  al . ( 1965 ) repor ted that � . armigera usually has 2 genera t i ons 
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a year and overlappi ng o f  genera t i ons i s  common . Pupal d i apause  i s  

rarely found in  ho t  cl ima t i c  regi ons ( B i lapa t e  e t  al . , 198 4 ;  Coaker , 

1960 ; Yangboonkong , 1975 ) . The incidence o f  pupal diapause and d i apause 

dura t i on depend on c l ima t i c cond i t ions and may vary wi th the spe c i es . 

Kay ( 1982a)  for example s ta ted that � . armigera in  Sou thern 

Queensland , Aus t ral i a ,  formed abou t 80% diapause pupae be tween la te-Apr i l  

and Augus t .  However , Si ngh e t  al . ( 1982 )  showed that the same spe c i es 

reared on ar t i f ic ial  d i e t  at  25°C and 18:6 ( L/ D )  pho toper i od i n  Auckland , 

New Zealand formed only 20 to 40% diapause pupae . Diapause las t ed in  

this  i ns tance abou t 130 days . 

Bes i des environmen tal condi t i ons and the food supply , one o f  the 

maj or fac tors whi ch regulates Helio this  popula t i ons i s  na tural 

enemies-paras i t es , preda tors and pat hogens . Natural enemies  play a very 

impo r t ant  role in  con t ro l l ing Hel io th is  popula t i ons in  all  l i fe s tages 

even in diapause pupae . Yi lson ( 1 983 ) repor ted that parasi t i sm by 4 

species  o f  Hymenop tera and 2 species o f  tachinids ( Diptera )  caused 

heav i ly mor tali ty of d iapaus ing pupae of � . armigera in Aus t ral i a .  

Kay ( 1982b)  showed t ha t  3 paras i t es o f  � . armigera ; He t eropelma scaposum , 

Carce l i a  sp . ,  and M i crogas ter 

emerged mainly a t  the same 

sp . overwintered 

t ime as the i r  hos t s .  

i n  hos t pupae and 

Among those natura l  

enemies  whi ch cause mor tal i ty in He l io th is , egg-and larval paras i t ism  by 

tach i n ids , i chneumonids and bracon ids are the mos t i mpo r t an t . 

Tr ichogramma spp . are the main  egg-paras i te of  Hel i o t h i s  species (Gup t a  

e t  al . , 1 984 ; Kfi r , 198 2 ;  Li , 1984 ) . There are many repor t s  whi ch show 

the e f f i cacy of  vari ous larval paras i t es such as M i crogas t e r  sp . , 

Chae t op t hthalmus sp . ,  Het eropelena scaposum , e t c .  on Hel i o t h i s  larvae 

in  d i f ferent par t s  of the wor ld ( Broadley , 1 984 ; H ill  et al . , 1985 ; Man i 

and Kr ishnamoorthy , 198 3 ) . Yidely used pathogens in con troll i ng larvae 

are Baci l lus thuringi ens is  and baculovi ruses . I t  i s  also repor t ed tha t 

fung i , such as Paeci lomyces far i nosus cause pupal mor tal i ty o f  
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� . armigera in New Zealand ( Alma , 1975a ;  Ignof fo e t  al . , 1983 ; Odak e t  

al . , 1984 ; S i do r , 1977 ) . Chen e t  al . ( 1984 ) and Pawar and Jadhav ( 1983 )  

recorded that red spider (Allo thromb ium sp . )  and hun t i ng wasps ( De l t a  

spp . )  were preda tors o f  Hel io this  larvae . 

HELIOTHI S ARMIGERA ( HUBNER) 

! . Dis t r i bu t ion and hos t plan ts  

As shown i n  Table 2 . 2  and F igure 2 . 1 , � . armigera i s  world  w ide i n  

d i s t r ibu t ion . The species has been repo r t ed i n  As i a ,  A f r i ca ,  Europe , 

Aus t ralia and t he islands of  the Pac i f i c  Ocean ; also excep t ionally i n  

Nor th and Sou th America . 

through t he M idd le Eas t ,  

Indonesia  ( Ba-Angood , l984 ; 

coun t r ies , ou t breaks o f  

In As ia , t he spec ies occurs f rom S i be r i a( USSR) 

and f rom the nor t hern par t o f  Chi na through 

Bai et al . , 1979 ; Hardwick , 1965 ) . I n  As i an 

H . armigera generally occur in areas where 

co t ton , maize and legumes are ex tensi vely cul t ivated such as Ind i a ,  

China , Paki s tan and Thai land (Kee r t hi s inghe , 1982 ; Lal e t  al . , 1985 ; 

S i ngh and Sidhu , 1980 ) . In  Afr i ca , H . armigera has been recorded 

throughou t the con t i nen t ,  although i t  is cons idered to be a serious pes t 

of  co t ton and legumes only on the eas t coas t of  A f r i ca and on 

Madagascar . In  t he nor thern and the wes tern par ts  of  A f r i ca ,  i t  i s  

known as a relat ively minor pes t of  cul t ivated crops ( Aboul-Nas r e t  

al . , 1981 ; Nyi i ra , 1970 ; Reed , 1965 ) . I n  Europe , � . armigera is probably 

indigeneous along the Med i terranean coas t and occurs only as a migran t 

i n  many o ther par ts o f  Europe ( Pedgley , 1 985 ) . In  Aus tral i a ,  � . armigera 

has been recorded mai nly on the eas t coast  , especi ally in Queens land and 

New Sou th  Wales . I t  i s  also found in  New Zealand , Fij i , Cook I s lands , Ni ue 

I s land and some other Sou th Pac i f i c  Is lands (Common , 1 953 ; Dugdale , 

1973 ; Ki rkpa t r i ck , 1961 b ) . 

The i mpo r tant hos t  plants  of  H . armigera are included in Append i x1 . 
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2 . 0ccurrence i n  Aus t ralas ia 

In recent years an enormous volume of  li terature has appeared on  

the b i ology , t axonomy , ecology and cont rol o f  Hel i o t h i s  species in  

Aus t rali a .  Accord i ng to  Common ( 1 953 , 198 5 )  and Ki rkpat r i ck ( 1 961a ) , there 

are 5 species in Aus t ralia-� . armigera , � . assul ta , � . prepodes , 

� . punc t igera and H . rubrescens . Two are serious pes t s : � . armigera , 

whi ch i s  cosmopol i tan and � . punc t igera whi ch i s  endemi c to  Aus t ral i a  and 

occurs in New Zealand as an occas ional m igrant . Based on the s t ruc ture  

of  the  geni tal i a ,  Hardwick( 1965 ) clas s i f ied � . armigera and � . punc t igera 

i n  two d i f fe ren t subgenera and considered the former as the mos t 

primi t ive species  in the genus . Con t rovers ially , Daly and Gregg ( l 985 ) 

demons t rated the low gene t i c  d i f ferent i a t ion be tween these two speci e s  

and sugges ted tha t � . punc t igera was derived from � . armigera . However , 

fur ther s tudy may help to  clari fy these concep ts . 

There has evi den tly been confus i on be tween these two s pecies i n  

Aus t ral i a .  I t  was previ osly recorded that � . armigera occurred 

throughout the coun try bu t after morphologi cal and geni talia  s tudies  i t  

i s  clear that  two  d i s t i nc t  species have been confused under this  name . 

I t  has now been concluded that � . armigera is largely conf ined to coas tal 

and subcoas tal Queensland and New Sou t h  Vales , and t ha t  � . punct igera 

occurs throughou t Aus t ralia  though s t ill concen t ra ted in  t he same areas 

as � . armigera ( Common , 1953 ; Ki rkpat r i ck , 1961a ; Zalucki et al . , 1986 ) . 

Noc tu idae recorded in New Zealand p r i or to 1871 were l i s ted by 

Fereday ( 1874 ) and all spec ies named by Taylo r ( 1855 ) , included many 

s pecies known t o  occur in Aus tral ia  such as Helicoverpa armigera 

conferta(=  Hel i o t h i s  armigera conferta  Valker ) ( ci ted by Fox , 1978 ) . 

There are several repo r t s  to  show that many insect  spec ies found in  New 

Zealand , includ i ng Heliothi s , have migrated from Autralia . There are 

numerous records of � . armigera and � . punc t igera from New Zealand in  the  

pas t three decades . In late-Oc tober , 1968 , 5 males and 6 females o f  
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� . punc t igera were caugh t by l i ght t rap a t  Massey Univers i ty , Palmers t on 

Nor t h  ( Gaski n , 1970b ) , and in  November of  the same year they were also  

c augh t by  M/V l igh t trap in  Ruakura , Hami l ton ( Dugdale , 1969 ) . In the  same 

s eason ( February ) , larvae of th is  species were found on tobacco and 

peach in Opouri Val ley , Marlborough Sounds ; Nga t imo t i  and Mo t ueka 

Valley , Nelson by Dugdale ( 1969 ) ,  and in March , 1969 adu l t s  were recorded 

at Lake Hawea , Otago and a t  Well ington bu t they were no t found the next 

summer . They seem unable to survive the win ter  in  New Zealand 

( Fox , 1970b ) . 

Yhi ls t  1956 and 1968 were no ted for the large immigrat i ons o f  the 

blue moon bu t terfly (Hypo l i mnas bol inanerina )  and the pain ted lady 

bu t te r f ly ( Cynthi a  kershawi ) respe c t i vely , 1 9 7 1  was no ted f o r  the 

c r i mson speckled foo tman ( U t e theisa puchelloides ) .  Also i n  197 1 and 

a f t er , numbers of � . armigera and � . punc t igera have been recorded . A f t e r  

a week of  s t rong nor th-wes t erly winds i n  O c tober , 197 1 ,  adu l t s  o f  

� . punc t igera were recorded in Nelson ; Manaia , Hami l ton ; Opunake , 

Taranaki ; Ngunguru , Whangarei ;  Helensville , Auckland and North  Auckland . 

I t  i s  beli eved that all  mo ths caugh t were migran t s  from the eas t coas t 

o f  Aus t ral i a .  Mos t such m igran t s  are found on the wes t coas t o f  bo th  

Nor t h  and South  Is lands o f  New Zealand ( Fox , 1973a , 1973b , 1975 , 1976 , 

1978 ) . 

Although � . armigera is a very common pes t i n  New Zealand , i t  has 

been recorded from l ight t raps less frequen t ly than � . punc t igera . The 

species is also found in Fij i ,  Cook Is lands , Kermadec Islands , N i ue and 

o ther sou t h-wes t Pac i f i c  Is lands ( Dugdale , 197 3 ) .  In New Zealand , 

� . armig�ra i s  mos t ly conf ined to the Nor th Is land , especial ly in t he 

warmer lowland areas . Howeve r ,  Gaski n ( 1970a ) se t a l igh t t rap a t  Mas s ey 

Uni ve rs i ty ,  Palmers ton Nor th be tween Oc tober 1 966 and December , 1968 and 

repo r t ed that few mo ths were caugh t in October , November and December 

and a grea t number of mo t hs were caugh t in February and March . 
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Fox ( 1970a) also recorded one mo th in  the Egmon t Na t i onal Park a t  Sou th  

Egmon t eleva t i on 3000 fee t , in January , 1 970 . Mo ths o f  t h i s  spec i es were 

also recorded in  Has t ings , Napier  and Ashbur ton , Chr i s t church dur i ng 

summer ( Davi es , 197 3 ;  Wood , 1973 ) .  Because o f  i ts wide range o f  food 

plan t s  and capab i l i ty of  surviving through the New Zealand w in ter , 

�. armigera i s  more i mpor tant as a pes t and occurs in higher popula t i ons 

than � . punc t igera ( Gaskin , 1966 ) . 

The ques t i on may be asked as to  how migran t Heli o t h i s  get  to  New 

Zealand? In  the mon ths of Sept ember , Oc t ober , November and December , 1968 

an unusually large number of  records of  migran t Lepido p t era s t i mula t ed a 

number o f  papers  ( Davies , 1973 ; Dugdale , 1969 , 197 3 ;  Fox , 1970a , 1 970b , 

1973a , 1973b , 1975 , 1976 ; Gaski n , 1970a ; e t c . ) .  Mos t o f  the mo t hs were 

caugh t along the wes t coas t o f  both Is lands of  New Zealand and t he i r  

occurrence seems to  b e  associated wi th the following phenomena : 

1 .  S t rong and prolonged wes terly winds . 

2 .  Nor thwes t winds assoc iated wi th the nor thern edge o f  a 

depress i on .  

3 .  Cold fron t s . 

4 .  The presence of  large bushf i res i n  Aus trali a .  

When one , two or all fac t ors occur together migran t insects  are 

o f t en recorded soon af ter in  New Zealand . Unless spec i mens are marked 

in Aus t ral ia  and recap tured in New Zealand , i t  is of course imposs i ble  

to  s ta te  categor i cally that  an  unusual mo th found i n  New Zealand is  i n  

fac t an immigrant s pecimen . Aus t ralian species o f  mo ths  have been known 

to breed in New Zealand from t ime to t i me , and some of them l i ke 

� . armigera have es tablished breed ing popula t ions . This  makes i t  very 

d i f f i cu l t  i f  not i mpossible to dec ide whe ther a given s peci men o f  an 

Aus t ralian spe c i es has in fac t j us t  arr ived in New Zealand or whe ther  i t  

i s  has been bred there . 

Taranaki seems to  be the favoured place for m igran t Hel i o th i s . 
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Th is  may be , because o f  loca t i on wi th respe c t  to  the Eas t Coas t o f  

Aus tral i a ,  warm cl ima t e  and a wide range o f  sui table hos t plan t s . 

Fox ( 1978 ) showed tha t  migrant insec ts  recorded in  Taranaki have probably 

come f rom Aus tralia  between Newcas tle and Brisbane wi th a mean 

t ravel l i ng speed of 48 km/h . O f  these only abou t hal f  are able to  b reed 

when t hey arr ive . The poss i bi l i ty o f  survi val of migran t mo ths in  New 

Zealand and produc t ion of  o f fspring depends pr imari ly on c l i ma t e  and 

food plan t s . Clima t i c  factors are obviously i mpor tan t  for Hel i o t h i s  

because  the winter in  New Zealand i s  too cold f o r  the act ive s t ages and 

hos t plan ts are also res t r i c ted at  this  t i me .  Polyphagous spec ies  such 

as � . armigera have a far greater  chance of survival than those whi ch are 

hos t-spec i f i c .  Fur thermore , � . armigera is  well adap ted to the winter  as 

i t s d iapause pupae can survive un favourable cond i t ions and mo ths emerge 

when t he cond i t ions are more sui table . Popula t i ons of th i s  spec ies  are 

thus es tabli shed and augmen ted by summer breed i ng in New Zealand . 

INSECT-PLANT RELATIONSHIPS 

eo-evolution be tween insec ts  and plan t s  apparen t ly began in t he 

early Cretaceous , abou t 125  mi l l i on years ago when the Angiosperms 

underwen t explos ive evolu t i on ,  largely d i s placing the pre-ex i s t i ng f lora 

over mos t o f  the world . This  provi ded a maj or  i mpe tus for  the evolu t i on 

of  phy tophagous i nsec t s . Fur thermore , the d i vers i f i ca t i on o f  f lower i ng 

plan t s  has o f t en been at tr i buted t o  the i r  use o f  insec t s  f o r  

poll ina t ion . Thi s  need t o  at t rac t insec ts  impl i es a par t ial reduc t i on 

in  rep�llency whi ch may have enabled the f i rst  i nsect  herbivores t o  

develop . I t  i s  in teres t ing to  no te that f lower i ng plan t s  are generally 

much more pala table t o  insec t s  than the more primi t ive plan t s  such as 

con i f ers and ferns wh i ch do not require insec t s  for pol l i na t i on ( Edwards 

and Wra t ten , 1980 ; Hodki nson and Hughes , 1 982 ; Jones and Coaker , 1 978 ) . 
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Insec t s , however have not evolved solely wi th respect  to plan t s  any more 

than have plants  wi th respec t to  i nsec t s  but the plan t is probably more 

cr i t i cal to the insect  than vice versa . Plan t s  serve not only as food 

but  also  as mi crohabi tat , she l t e r  and protect i on 

Sou thwood , 197 2 ) . 

( De thier , 1970 ; 

D i f ferences in  the damage caused by an i nsec t s pe c i es t o  d i f ferent 

plan ts  in a locali ty dur ing a g iven per iod reflec t  t he i r  relat ive 

suscep t i bi l i ty or res i s tance and are determined by fac tors whi ch 

influence the establi shment of a populat ion of  an insec t on the plan ts  

( Saxena , 1969 ) . From informat ion presented in  the rev i ews o f  Bordner e t  

al . ( l983 ) , De thier ( 1976 ) , Harborne ( 1977 ) ,  Jermy ( 1966 ) , Kennedy ( 1965 ) , 

Renwi ck( 1 98 3 )  and Thors teinson ( 1960 ) , i t  i s  apparent that  the behav i our 

of  ins e c t s  i n  sele c t ing a hos t plan t for food and she l t e r  is  a f fec t ed by 

a wide array of phys i cal and chemi cal s t imul i . The p re ference or 

non-preference of  insec t s  for d i f ferent plan t s  may be observed in  

respect  o f  the i r  or ientat ional , feed i ng and /or ovi pos i t i onal responses . 

S imul taneously , envi ronmen tal fac tors  may inf luence the abi l i ty o f  t he 

plan t t o  comba t insect  a t tack , and chemi cal cons t i tuen t s  o f  the plan t 

may have i nd i rec t  e f fects  on the success or failure o f  i t s  at tackers . 

Fraenke l ( 1969 ) and Schoonhoven ( 1968 ) suggested that secondary subs tances 

in plan t s  are d i rec t ly involved in the feeding behavi our of insec t s . 

Maj or classes o f  secondary subs t ances involved i n  i nsec t -plan t 

i n terac t ions are n i t rogen compound s ( a lkalo i ds , amines , non-protein  ami no 

acids , cyanogeni c  glycos ides , glucos inolates ) ;  

( mono terpenes , sesqui terpene lac tones , d i t erpeno i ds , 

terpenoids  

sapon i ns , 

l imonoids , cucurbi tacins , cardeno lides , cara tenoids ) ;  and phenol i cs 

( s imple phenols , f lavono ids includ ing 

( Bernays , 1 98 1 ; Edwards and Wra t ten , 1980 ; 

tannins and 

Harborne , 1977 ) .  

quinones ) 

Secondary 

subs tances may act  as both feed i ng s t imulan ts  and de t erren t s  depend i ng 

on the adap t a t i on of  the insect to  them . The presence o f  secondary 
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s ubs t ances therefore may o f fer pro t e c t ion from one insect  but  may 

i ncrease the r i sk of invas i on by others . 

From the insec t ' s  po i n t  o f  view all  chemi cal innova t i ons o f  plan t s  

a r e  relevant regardless o f  the reason f o r  the i r  appearance . Inse c t s  can 

adap t biochemi ca l ly at d i f ferent s t ages in the processes of d i ges t i on 

and ass imi lat i on or  a l terna t i vely insec t s  can learn new feed i ng hab i t s  

and move away in  search o f  more sui t able food . Me t abo l i c  mod i f i ca t i ons , 

especially the development o f  speci f i c  enzymes and de t ox i f i ca t i on 

mechanisms , have greater  relevance and are probably the mos t  common and 

impor tant mod i f i ca t ions for herbivory . De t oxi f i ca t ion usua l ly i nvolves 

oxidat ions , reduc t i ons , hyrolyses or conj ugat ions o f  molecules , and a 

group o f  enzymes called m ixed- func t i on oxidases in insec t gu t s  are 

probably the mos t i mpor t ant  detox i f i ca t i on sys t em in  insec t s  ( Bl um , 198 3 ; 

Bra t t s t en e t  al . , 1977 ) .  Krieger e t  al . ( l97 1 )  surveyed the ac t i vi ty o f  

midgut microsomal oxidase enzymes in  larvae of  35 speci es o f  Lep i dop tera 

and showed that  the mean oxidase ac t i v i ty in polyphagous species  was 

nearly 15 t imes grea ter than in  monophagous species . 

of  detoxi fying plant t oxins , i nsects  can also deal 

Moreover ,  i n s t ead 

wi th  t hem by 

seques tering them . Polyphenols , alkaloids , t erpenoids , among o ther 

chemi cal subs tances , are seques tered by a wide range o f  i nsec t s  and in 

some cases may be used i n  the i nsec t ' s  defense ( Blum , 1983 ; 

Duf fey , 1980 ) . 

Lepi dop t era are t hough t to have evolved subsequen t to  t he 

Angiosperm explos i on in  the early Ter t iary ,  about 60 m i l l ion years ago 

and they seem to be the las t of the maj or orders of herbivorous i nse c t s  

t o  hav� evolved to the i r  hos t plan t s ( Hodkinson and Hughes , 1 982 ) . 

Lep idopterous insects  have since undergone a long and var ied period of  

eo-evolut i on and 

surpr i s ing tha t 

adap t a t i on wi th 

d i f ferent species 

the i r  

o f  

hos t plants . Thus , i t i s  no t  

Lepidop tera have developed 

d i f feren t pa t terns of hos t-plan t rela t i onship  coupled w i th  d i f ferent  
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l i fe cycle  s t ra t egies and feeding mechan isms for  explo i t a t i on of t he i r  

hos t s .  I n  general , groups of  closely related hos t-s pec i f i c  insec t 

species o f t en feed on groups of  closely related plant species , 

ind i ca t i ng a c lose evolut i onary rela t ionshi p  be tween t he two groups . 

However , t h i s  i s  no t  always the case and in  some more recen t 

groups , includ i ng Lepi doptera , the evidence suggests  that  hos t-plan t  

swi t ching o n  to  d is tan t ly rela ted plan t groups has frequen t ly occurred 

( Mulkren , 1967 ; Powe l l , 1980 ) . 

! . Rela t ionships be tween Hel iothis  species  and the i r  food plan ts  

Plan t t i s sues cons i s t  mai nly o f  wa ter and rela t ive i nd iges t i ble  

compounds such as  cellulose and l ignin . Th is  makes them a good 

po ten t ia l  source of wa ter for phy tophagous insec ts , bu t in many cases an 

unpromis i ng source o f  energy and nu t r i ents . The fresh we igh t  o f  leaves 

may therefore be more than 90% water  and only 1 t o  3% pro t e i n  w i t h  mos t 

o f  the res idue carbohydrate . Mos t leaf ma terial  thus has a lower energy 

content t han i nsec t t i ssue . On a dry weight bas i s , mos t  plant  t i s sues 

con tain at mos t  3 to  4% n i t rogen wh i le insect t i ssues con tain  7 to 14% 

( DeFol iar t , 1 975 ; Gorham and Sanger , 1967 ; Hughes , 197 1 ;  Ma t tson , 1980 ) . 

In terms o f  gross compos i t ion there fore mos t plan t  t i ssue i s  fairly  low 

grade food for  insec t s . Thus to acqui re the quan t i t i es o f  energy , 

ni t rogen and o f ten phosphorus they need , herbivorous i nsec t s  have to  

consume d i spropor t i onately large quan t i t ies o f  plant for  each uni t o f  

insect  growth . However , some plan t t i ssues provide a be t t er  food source 

than o t hers  i n  terms of  energy , n i t rogen con ten t and wa ter  so luble 

B-v i ta�i ns . Thus , seeds , pollen and ac t ive mer i s t ems have a rela t ively 

high pro t e i n  content  wh ich may be expressed as h i gh energy and /or  

ni t rogen level . Numerous s tud i es though , 

Capinera ( 1 984 ) , Hughes ( 197 1 ) , McNe i l l ( 197 3 ) , 

such as Al-Zubaidi  and 

Morrow and Fox ( 1980 ) and 

Parry ( 1976 ) , have i nd i cated tha t to tal  energy con ten t  and to tal  n i t rogen 
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are a t  bes t fai r ly c rude i ndicators o f  the po tent ial food resource 

avai lable to  a herbivore . 

Many inves t iga tors  have demons tra t ed larval feed i ng preference o f  

Hel i o this  for  d i f feren t par ts  o f  hos t  plan t s . Al though Heli o t h i s  larvae 

do feed on almos t all  par ts  of hos t plan t s , t hey feed preferen t i al ly on 

reproduct ive par t s  such as fru i t s , f lowers , f lower buds , pods and seeds 

i . e . those plant par t s  of  higher nu t r i t i onal value . Burke t t  e t  al . 

( 1 983 ) , Farrar and Brad ley( 1 985 ) and McM i ll i an e t  al . ( 1966 ) showed that 

H . zea i n  the Uni ted States  o f  Amer i ca preferred toma to  f ru i t s , t oma to  

f lowers , corn kernels , corn seeds and co t ton f l owers and bolls  to  t oma to  

leaves , corn leaves and cot ton leaves . They also repor ted that  larvae 

fed on preferred food had the highes t mean survival . W i l son and 

Wai t e ( 1 982 ) also showed that � . armigera and � . punc t igera l arvae in 

Aus t ralia  fed select i vely on frui t s , t e rminal s , squares and bolls  o f  

co t ton . For � . armigera , a number of  workers  have i nves t iga t ed l arval 

feeding behavi our  on vari ous plan t par t s  in  d i f feren t areas of the 

wor ld . On co t ton , larvae feed preferen t i al ly on co t ton buds , f lowers , 

f ru i t s , terminal shoo t s ,  squares and bolls , 

amoun t o f  leaf-feed ing is  also exh i b i t ed .  

Pretor i us , 1976 ; S i ngh and S idhu , 1980 ) . On 

al though a 

( Mabbe t t  e t  

tomato where 

s igni f i can t 

al . , 1979 ; 

almos t all  

par ts  are consumed , larvae s t i l l  pre fer f ru i t s  and f lowers , especially 

young f ru i ts during the f lowering s t age ( Tewari and Moo r t hy , 1 984 ) . 

Bes i des co t t on and t omato , flowers and i mma ture  frui ts  o f  kenaf ( H i b i scus 

cannabi nus ) ,  i n f lorescences of  mango and of ornamen tal  plan t s  such as 

carna t i on ,  rose , gerbera and glad iolus are preferred to  the i r  leaves 

(Ki sho�e and M i s ra , 1985 ; P i e t anza , 1 968 ; S i ngh , 1985 ) . 

However ,  not  all  po tent ial hos t plan t s  provide food for  Hel i o th i s . 

Some p lan t organs may possess s t ru c tures whi ch repel , inj ur o r  ki l l  

i nsec t s  land i ng o n  them bu t the mos t i n tens ively s t ud ied  bar r i e rs 

be tween Hel i o t h i s  and po ten t i al plan t food are the secondary me tabol i tes 
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especially alkaloids . These are  heterocycli c  ni t rogen compounds that  

exi s t  as water  soluble cat ions such as  n i co t ine , cocaine , quinine , 

morphine  and caffeine . Fery and Cu thber t  ( 1975 )  repo r t ed varyi ng 

degrees o f  an t i b iosis  among exc i sed foli age of  tomat o  s pecies and 

further showed that an ethano l i c  ex trac t from toma to  leaves was 

respons ible  for  reducing survi val rates of H . zea larvae . The mos t 

e f fec t ive  growth i nh i bi tor in  toma to to  all tomat o  fru i tworm s pecies  i s  

�- toma t i ne whi ch i s  i solated mainly from t omat o  leaves .  O ther growth 

i nhi b i t o rs whi ch have been found in leaves of  Hel i o this  hos t 

plan t s , especially in  toma to leaves , are 

2- tr i de canone ( Campbell  and Du f fey , 1 981 ; 

chlorogenic  acid , ru t i n  and 

Elliger e t  al . , 198 1 ;  Farrar 

and Kennedy , 1987 ; Isman and Du f fey , 1982 ; W i l l i ams e t  al . , 1980 ) . 

2 . 0vipos i t i on of  Heliothis  species on plan t s  

The theory o f  larval memory , also known a s  Hopkins ' ho s t  selec t i on 

princi ple , pos tula t es that  the females of  phy tophagous insects  prefer to  

ovi pos i t  upon the same plant spec i es as that  upon whi ch they themselves 

had fed as larvae ( for rev i ew see De thier , 1954 ) . Thi s  princi ple has 

s t imulated a number of papers and has been tes ted on a great number of  

insect  s pecies . Mos t  repo r t s  have concluded that  there i s  no 

corre la t i on be tween larval feed i ng preferences and ovi pos i t i on 

preferences ( F i rempong , 1986 ; Jackson e t  a l . , 1983 ;  Rausher , 1979 ; 

Yiklund , 1974 ) i . e . that  Hopkins ' hos t selec t i on principle i s  no t  val i d . 

Several inves t iga tors have repor ted that chemi cal cues in the form 

of  odours emana t i ng from rap idly growing plants  at t rac t noctuid  moths 

and s t i mulate ovi pos i t ion ( Fl e t cher , 1941 ; Jones et  al . , 197 3 ) . 

Selec t i on o f  a sui table ovipos i t i on s i te may also be i n f luenced by the 

sur face t ex ture of  the subs t ra t e ( Cal lahan , 1957 ) . Avai lable adul t  food 

for consump t ion before or during ov iposi t i on also  enhances the 

a t t rac t i veness of the plan t to the mo th  (Nu t tycombe , 1 930 ) . However , 
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Farrar  and Bradley ( 1985 ) , F i rempong ( 1986 ) , H i l lhouse and P i t re ( 1976 ) , 

Jackson e t  al . , ( 1983 )  and Snodderly and Lambd in ( 1 982 ) poi n t ed ou t that  

mo t hs do no t always ovi pos i t  on  the  same plan t s  o r  par ts  o f  plan ts  on 

whi ch they feed or  the i r  larvae feed . 

In general , mo ths of Hel i othis  species sele c t  for ovi pos i t i on hos t 

plan t s  i n  the flower ing s tages over other  phenologi cal  s t ages 

( Fi rempong , 1986 ; Hardwi ck , 1965 ; Neunzig , 1969 ) . These aut hors  also  

poi n t ed ou t the co-incidence of avai lab il i ty o f  nectar for  adul t mo ths . 

Adul t food eviden t ly has an impor tant  e f fec t on adul t  longevi ty and egg 

product ion . Cal lahan ( 1961 , 1962 ) for example , never observed ma t i ng 

when adul t s  o f  � . zea were unfed , and mat ed ovipos i t ing females fed more 

o f ten  and for longer per i ods  than did  unma ted ones . However , Luke fahr and 

Mar t i n ( l964 ) found that H . zea was able to ma te and ovi pos i t  wi t hout  

havi ng fed  bu t abou t a 50% increase in  bo th f ecund i ty and longev i ty 

resul ted when adul ts  were fed on a sucrose solut ion . Mour ikis  and 

Vas s i laina-Alexopoulou ( 1970)  also repor ted that � . armigera can lay eggs 

only when water  is provi ded for adul t s .  

Hel i o th is  species  tend to  lay eggs on  all  par ts  

( A t anasov , l964 ; Barber , l943 ; Johnson e t  al . , 1975 ; 

Nachapong , 1984 ) . Howeve r , the ovi pos i t ion preferences 

of  hos t plan t s  

Mabbe t t  and 

o f  Hel i o t h i s  

species have been inves t i gated in  3 maj or  respec t s ; ( ! ) reproduct ive  

par ts such  as  f ru i ts , flowers and flower buds vs vege t a t i ve par ts  such  

as leave s , s tems leafle ts : ( 2 ) upper vs lower par t of plan t : ( 3 ) lower vs  

upper sur face o f  subs t ra t es . Broad ley ( 197 7 ) , Hardwick( 1965 ) , Johnson e t  

al . ( 1975 ) , Lingren e t  al . ( 19 7 7 )  and Neunz i g ( 1969 ) s t a t ed tha t 

� . armig� ra ,  � . punc t igera , H . v i rescens and � . zea preferred to ovipos i t  on  

flowers and f lower buds over leaves . I n con t ras t ,  a great  number o f  

papers such as of Alvarado-Rod r i guez et al . ( 1982 ) , Farrar and 

Bradley ( 1 985 ) , Hi llhouse and Pi t re ( 197 6 ) , Jackson et  al . ( 1 983 ) , Mabbe t t  

and Nachapong( l984 ) , Patel  et  �1 . ( 1974 ) ,  Snodder ly and Lambd i n ( 1982 ) and 
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Yids t rom et al . ( 19 7 9 )  reported that the same four species demons t ra t ed 

highly s i gn i f i cant preferences for ovi pos i t i on on flat plan t par t s  such 

as leaves and lea f le t s  ra ther than on fru i t s , flowers and f lower buds . 

Alvarado-Rodriguez e t  al . ( 1982 ) , H i l lhouse and P i t re ( 1976 ) ,  Mabbe t t  and 

Nachapong ( 1984 ) , Patel et al . ( 1 974 ) and Wids t rom et al . ( 19 79 )  showed 

that mos t eggs of � . armigera , � . v i rescens and H . zea were laid  on the 

upper hal f of  hos t plants  such as toma t o , cot ton , and t obacco . 

Alvarado-Rodriguez e t  al . ( 1982 )  and Neunz ig( 1969)  repo r t ed that no 

preference was found for upper or lower leaf surface of t obacco and 

toma to by H . vi rescens and H . zea bu t Jackson e t  al . ( 1983 )  showed that 

over 87% of eggs were found on the upper f ive leaves and 79% on the 

lower surface of  tobacco leaves . Hi llhouse and P i t re ( 197 6 )  and 

Snodderly and Lambd i n  ( 1982 ) also reported that ovi pos i t ion preferences 

o f  o t her Hel i o this  species were on the lower surface of hos t p lan t 

leaves . However , Pa tel e t  al . ( 1 974 ) and Reed ( 1965 ) found that  

ovi pos i t i on o f  � . armigera on co t ton in Ind ia and i n  Tanganyi ka was 

primari ly on the upper surface of leaves . 

I t  i s  clear f rom this  l i tera ture rev i ew that �. armigera , t oge ther 

w i t h  several o ther spec i es o f  Hel i o t his , is h ighly polyphagous bu t tha t 

wi thin  plan t  species  larval feed ing tends to be concen t ra ted on 

reproduc t i ve plan t par ts . Fac tors  i nvolved in hos t plant selec t i on and 

larval food qual i ty have so far been l i t tle  s tud i ed .  
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Hel io this  armigera conferta  �alker occurs on a wide range of  w i ld  

and cul t ivated plan ts  in New Zealand , and i s  known as  toma to  frui tworm 

or  corn earworm because i t  is  recorded as a maj or  pes t on toma toes and 

sweetcorn ( Helson , 1972 ; Scot t , 1984 ) . I t  i s  o f  minor i mpor t ance on 

capsi cums , peas , pumpkins , legume seed crops , beans , lupin ,  con i fe r  

seedlings , marrow , clover , lucerne , peanu ts , l inen f lax , t obacco , 

s t rawber ry , oats , carro t , onion ( f lowers ) ,  c i t rus ( b lossoms ) and a grea t 

number o f  ornamen tal  herbaceous plants  (Gaskin , 1 966 ; Valen t i ne , 1 9 75 ) . 

On toma t oes the damage i s  eas i ly recogni zed by holes eaten i n  the leaves 

and f ru i ts .  Larvae usually move to toma to  f rui ts  as they grow 

o lder ( Cameron and Valen t i ne , 1985 ; Helson , 1972 ) .  Cameron and Valen t ine 

( 1985 ) found tha t large � . armigera larvae caused 18- 2 1% f ru i t damage i n  

2 4  hours i n  a glasshouse exper i men t . On mai ze and sweetcorn , larvae 

p refer corn cobs to  leaves . On these plan t s  larvae may reduce y i e lds by 

des i ccat ing s i lks during fer t i l i zat ion , o r  by eat i ng kernels on  the 

formed cobs . Damage is  i ndica t ed by feed i ng on s i lks and the presence 

of i ns e c t  frass at the t i p  o f  cobs ( Helson , 1972 ; Wa tson , 1 977 ) .  

Besides . these two main crops , � . armigera also damages rad i a t a  p i ne in  

the cen t ral Nor t h  Island of  New Zealand . A t t ack on p ine i s  more severe 

i n  the second genera t ion of caterpillars in  February and March . Larvae 
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may also des t roy yellow lupin before pine es tabl ishmen t ( Alma , 1975b , 

1977 ; Zondag , 1982 ) .  

� . armigera moths lay their  eggs preferen t ially on hos t-plan t 

f o l i age such as tomat o  and corn leaves , although eggs are occas i onally 

found on s i lks and corn cobs ( Cameron and Valen t i ne , 1985 ; Yat s on , 197 7 ) . 

Newly hat ched larvae usually feed on hos t plan t  par t s  where eggs are 

depos i ted . The larger larvae then move to preferred plant  par t s  where 

feed i ng con t inues un t i l  larvae are fully grown . There are 5 or  6 

ins tars  ( Si ngh e t  al . , 1982 ) . Pupae are formed i n  the so i l  and mos t  are 

d i apausing pupae . In New Zealand over 60% o f  pupae o f  the f i rs t  

genera t ion and 90% o f  pupae o f  the second genera t i on enter d i apause and 

overw i n ter ( Alma , 1977 ) .  In  the cen t ral Nor t h  Is land o f  New Zealand , 

approximately 50% of overwintering pupae are infec ted wi th a paras i t i c  

fungus , Pae c i lomyces far i nosus and only 1% are a t tacked by the paras i t e  

P t erocormus promissorius  ( Hymenop tera : Ichneumoni dae ) (Alma , 1975a , 

197 7 ) .  Adu l t s  emerge wi th the warmer spring weather , beginning about  

Oc t ober in  nor t hern areas and later in  sou thern areas (Gaski n ,  1970a ; 

Spi t zer , 1970 ; Valen t ine , 1975 ) .  However , Alma ( 1977 ) repo r t ed that i n  

t h e  cent ral Nor t h  Island , adul t s  f i r s t  appear i n  November and December , 

w i t h  a second brood i n  February and March . There generally are 2 

generat i ons a year and more overlapping generat i ons may be expec ted in  

the more  nor therly reg ions of  New Zealand . Adu l t s  f rom the second 

generat ion produce a par t i al third genera t i on of caterp i l lars before 

w i n t e r  wh i ch mos t ly succumb to cold wea ther in  Apri l .  Al though some 

� . armigera mo ths are usually reco rded in  spring ,  the peak of mo th  

numbers . occurs between January and March . H ighes t popula t i ons usually 

occur in the lowland areas of  the warmer North  I sland . Heav i e s t  

i nfes tat i on o f  crops b y  � . armigera larvae occurs in  late summer between 
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1 97 3 ;  Fox , 1970a ; Wood , 197 3 ) . 

Cameron and Valen t ine , 1985 ; 
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Dav i es , 

� . armigera is found throughou t New Zealand especially the Nor t h  

I sland , and i ts sou therly d i s t r i but i on i s  probably main tai ned b y  summer 

migrant s .  M igra t i on o f  mo ths is  highly af fec t ed by envi ronmen tal  

cond i t i ons . Temperature plays an  impor tan t  role in migra � i on o f  moths 

as they pre fer  warm cond i t ions . W ind appears to operate  as an 

inh ib i t ing fac tor  for fl ight . Rain  i s  no t regarded as an i mpor tan t  

fac tor  inhi bi t i ng f l igh t but cold rai n ,  even wi thou t much wind , i s  

nearly always a s ign that very few mo ths w i l l  f ly ( Gaskin , 1964 , 1970a ) . 

FIELD TRIALS 

To i nves t iga te  the preference o f  � . armigera between four plan t 

spec ies and t o  observe larval feed i ng behav iour and seasonal developmen t 

a small  plo t f ield t r ial was conducted over two seasons a t  Palmers ton 

Nor th , Manawatu  ( southern Nor th Is land of  New Zealand ) .  

MATERIALS AND METHODS 

l . Field s tudy area 

The t r ial  was conducted in a f i eld area of Massey Uni vers i ty land 

during two spr ing and summer seasons , 1 984-85 and 1985-86 . The area had 

previously been used to grow swee tcorn and pumpkin and infes ta t i on o f  

these crops by � . armigera had been repor ted . The area was p loughed 

twice in spr ing ( September ) fol lowed by ro tova t ing to provide  a sui table 

t i l th .  To ass i s t  wi th weed con t rol  paraquat was applied pre-plan t i ng to 

plo t s  to be plan t ed wi th tomato  and as ter  ( For de tai l see Table  3 . 1 ) .  

So i l  was sampled and nutr ient s ta t us tes ted by the M i n i s t ry o f  
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AK r i c u l t u L e a1 1tl  F i s he ri e s . The r e commended f e r t i l i ze r s  u s e d  on t h e  

t r i a l s i t e we re  a m i x t u r e o f  40 g s u l pha t e  o f  ammon i a ,  100 g 

S u !J e r p h o � p h a t e  a n d  i S  g s u l p h a t e  o f  po t a s h  p e L- s q u a r e  me t r e .  E a c h  p l o t  

meas u r eu 5 x 5 111 and t h e r e  w e r e  f o u r  r e p l i c a t i o n s  i n  a La t i n s q u a r e  

d e s i gn a s  s hown be low a n d  i n  P l a t e  3 . 1 .  
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P l a t e  3 . 1  Gene r a l  v i ew o f  e x p e r i me n t a l  a r e a . 
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2 . Plan t s  

Plo t s  ( 5x5 m )  o f  the four hos t p lan ts  sele c t ed from four di f feren t 

plan t fam i l ies  were es tabli shed in  spring o f  each year . The four hos t 

plan t s  were swee t corn ( Zea mays ) ( NK  5 1036 ) ,  t oma t o ( Lycopers i con 

esculen tum) ( Cas t lehy 1204 ) , lucerne ( Medi cago sat iva) ( Goa t i d  YL 3 18 ) , 

and as ter  ( Cal l i s t ephus ch inens i s )  ( Powder Puf f s  MXD 87 ) .  

Lucerne seed was sown d i rec t ly in to  t he plo t s  a t  a rate  o f  20  

kg/ha i n  early Oc tober 1984 . 

Swe e t corn seed was also sown di rec t ly i n t o  plots  i n  early Oc tober 

wi th 2 seeds per hole , 15  c m  be tween holes and 25 cm be tween rows . 

Tomat o  seed was sown in  small  plas t i c t rays in a glas shouse i n  

l a t e  Oc tober . Yhen toma to seed l i ngs were abou t 4 cm h i gh ( 2  weeks ) they 

were t ransplan ted i n t o  plas t i c  po ts  wi t h  one seedl i ng per  po t .  When 

plan t s  were abou t 15 cm high (4 weeks ) they were planted i n t o  the f i eld  

plo t s  wi th  50 cm spac ing wi thin and be tween rows . 

As ter  seedl ings were rai sed in a s imi lar manner t o  toma to 

seed l i ngs but were planted in  the f ield when 5 weeks old wi th 30 cm 

spac i ng w i th in  and between rows . 

Swee t corn ,  t oma to  and as ter  were re-es tab l ished each year on the 

same plo ts . Plo ts  were i rriga ted twi ce a week as requ i red . De t a i l s  o f  

pre-plan t and early pos t-emergence herbicide appl i ca t i ons are given i n  

Tabl e  3 . 1 .  La ter weed con t rol  was by hand . Popula t i ons o f  � . armige ra 

were allowed to es t ablish natural ly . 



Tabl e  3 . 1  Herbicides , rates and appl i cat ion t imes to f ie ld plo t s . 

Plan t Herbic ide Ra te Appl i ca t i on t ime 

Tomat o  Paraqua t 3 l/ha Pre-plan t ing 

As t e r  Paraqua t 3 llha Pre-plan t i ng 

Swee t corn A t raz ine SA ' 3 l/ha F irs t t rue-leaf 

Lucerne  2 , 4-DB 3 l/ha 2-5 t rue-leaf 

3 . Seasonal occurrence of  H . armigera larvae on hos t  plan t s  

i n  rela t ion t o  plan t phenology.  
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F ie ld observa t i ons were made be tween November and March in each 

seas o n . S ta r t ing in  November ,  p lan ts  were carefully checked every o ther 

day . �hen the f i rs t  larva was found observa t i ons were made every 3 

days . I t  had been planned to determine s i tes of  egg depos i t ion  on 

plan t s  bu t th is  proved imposs i ble  in  the f ield si tua t i on . Because  o f  

low numbers of  larvae through i n t o  December and January , larvae were 

di rec t ly counted on par t i cular par ts  o f  the plan ts i . e . t oma to  leaves , 

t oma t o  f lowers , t oma to frui ts , as ter  leaves , as ter f l owers , swee t corn 

leave s , sweetcorn cobs , luce rne leaves and lucerne f lowers . Coun t s  of 

larvae were made between 2 and 3 pm because of  the i r  ac t i vi ty dur i ng 

t h i s  period . 
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Each plan t speci es requi red a d i f ferent  me thod of  assessing larval 

popula t i ons and thus no absolute  scale of popula t i on dens i ty could be 

dev i sed . However , val id compari son could be made be tween numbers o f  

larvae o n  d i f ferent par ts  o f  plan t s  for each plant spec ies . Thus the 

means of numbers of  larvae observed over two growing seasons were used 

to  calcula t e  percen t o f  larvae on d i f ferent par ts  o f  each plan t spec ies . 

4 . Damage t o  toma to frui ts by larvae of  H . armigera 

At harves t toma to fru i t s were grouped in to  4 ca t egor i es by we igh t .  

Thes e  were 1-10 g ,  10 . 01-20 g ,  20 . 01 -40 g ,  and over 40 g .  Twen ty f ru i t s  

o f  each weight category were sampled from each plo t , g i ving a t o tal o f  

8 0  f ru i t s  o f  each ca tegory for each sampl i ng da t e  over the 4 

rep l i ca t i ons . Sampling was unde r t aken on February 4 ,  1 1 , 18 , 25 , and 

March  4 , 1 985 . Each f rui t was pu t in to  a small plas t i c  bag and all bags 

re turned to the laboratory where each f ru i t  was we ighed and the presence 

of  larvae recorded . All holes in  frui t s  were checked but  only f resh 

holes were considered as damage . 

D i f ferences in  amoun t o f  damage and numbers o f  larvae be tween 

f ru i t s i ze categor ies were subj ec ted to T- tes t and correlat i on analys i s . 

S . I n fes ta t ion of  as ter  flowe rs by larvae of  H . armigera 

When as ter  plan ts  ( var i e ty Powder  Puf fs  MXD 87 ) bloomed in 

February , 1985 they produced 5 d i f feren t colours ; wh i t e ,  p i nk ,  mauve , 

purple and red . From February 4 ,  no larvae were observed on as ter  

leaves and all were found on flowers generally one larvae to  one  flower . 

To t al i�rvae and to tal as ter  flowers were coun t ed every 3 days and 

numbers of larvae on the d i f feren t colours of  f lowers were also 

r e corded . 

Correla t i on coe f f i c i en t , mul t i ple regression and T- tes t were used 

f o r  data analys i s . 
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6 . I n f e s t a t i on o f  sweet corn cobs by larvae o f  H . armigera 

In February , 1985 the sweet corn was maturing and observa t i ons were 

carr i ed out  every 3 days be tween February 4 ,  and March 2 .  Total 

swee t corn cobs were coun ted and the number of  cobs damage by � . armigera 

larvae was recorded . As mos t larvae on cobs canno t be seen because o f  

the i r  concealed habi t ,  corn cobs were checked for  presence o f  frass a t  

the t i ps and des t ruc t ion o f  s i lks . Ac tual presence o f  larvae was also  

checked . 

Resul t s  are expressed as percen tage infes tat ion o f  cobs . 

7 . Pheromone t rapping of  H . armigera at  Palmers ton Nor th  

Four  pheromone t raps were opera t ed f rom December 25 , 1 985  to  Apr i l  

30 , 1 986 in the t rial area . 

drain  p i pe ,  30 cm long 

Each t rap was made o f  cyl i ndr ical plas t i c  

and 1 5  cm diame ter suppor ted by 2 s takes 

approxi ma tely 1 m above ground level and t igh tened by w i re . One t rap 

was se t in  each corner of  the f ield t r i al area . To avoid  any bi as o f  

w i nd d i rec t i on , 2 t raps were o r i entated N-S and the o t he r  two E-W . The 

pheromone laminates were purchased f rom SIRATAC Ltd . , New Sou th  Wales , 

Aus t ral i a .  One pheromone laminate  was hung cen t rally ins ide each t rap 

by a t h i n  wi re .  Each t rap tube was l i ned ins i de w i th insect  t rappi ng 

g rease ( Tanglefoot  suppl i ed by DSIR , Auckland ) spread on a poly thene 

f i lm l i ner whi ch was renewed every 3 days . Pheromone laminates were 

replaced every 3 weeks . Mo ths caugh t were removed dai ly , iden t i f ied to  

spec ies and the numbers recorded . 

Some factors affe c t i ng the numbers of  mo ths caugh t by t raps are 

peak respons i ve peri od of mo ths , wind veloc i ty ,  tempera ture , a t mosphe r i c  

p ressure , rain , l igh t i n t ens i ty ,  a i r  curren ts , fog and noc turnal 

s ky l i gh t ( Harts tack et al . , 197 9 ; Keha t et al . , 1 980 ) . Env i ronmen tal  

f a c tors  cons idered in i n t erpre t ing the present t rap c a t ches were max i mum 
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day t e mperature , minimum nigh t  temperature , wind veloci ty ,  and rain fall .  

These  data were obtained f rom the DSIR met eorologi cal s t a t i on ,  

Palmer s t on Nor th whi ch was s i tua t ed less than 1 km from the t r ial  area . 

S t a t is t i cal values calcula ted were correlat ion coe f f i c i en t s  

be tween numbers  o f  mo ths caugh t and envi ronmental fac tors ( based on 

dai ly  wea ther and 3 days t rap da ta )  and analysis  of vari ance to tes t the 

s i gn i f i cance of d i f ferences . 

RESULTS 

! . Seasonal occurrence of  H . armigera larvae on hos t plan t s  

i n  rela t i on to plan t phenology 

As the method o f  assessmen t was not  cons tan t  across plan t species , 

compa r i s ons be tween spec i es are only approximate  and should be 

i n te rpre ted wi th  cau t ion .  In December all  hos t plan t s  were imma ture ( no 

f lowe r s )  and negligible numbers of  larvae were found . The f i rs t  larva 

was f ound on as ter  leaves on January 2 ,  1985 in  the f i rs t  season and on 

toma t o  leaves on December 2 7 , 1985 in  the second season . Af t e r  these 

dates more larvae occurred on aster  and t oma to  leaves but none on 

swe e t corn leaves . In January , p lan ts  o f  all  four spe cies  were f lower i ng 

and larvae were found on both  leaves and f lowers of  toma toes and as ters . 

On luce rne , to tals o f  only 4 and 5 larvae were found on leaves i n  

January of  each season respec t i vely and none was found a t  any t i me o n  

lucerne flowers . On swee tcorn , larvae were f i rs t  found on bo th  leaves 

and the t i ps o f  cobs on t he same day in  late January . Soon a f t e r  

toma t oes produced f rui t s , as t er bloomed , and swee t corn cobs formed 

seed s , mos t larvae moved onto  these plant  par ts . Thi s  was associ a t ed 

w i t h  a dec l i ne i n  the numbers o f  larvae on leaves o f  all  plan t s  un t i l  by 

February hardly any were found on foliage . 

Thus by late  January and in  February mos t larvae were feed i ng on 



45  

t omat o  frui t s  and as ter  f lowers wi th some on swee t corn cobs . When 

t oma t o  f rui t s  s tar t ed to  r i pen in February the to tal  number of larvae on 

these p lant s  decreased . Th i s  con t inued progress i vely up to  harves t .  

The numbers o f  larvae in  each season on d i f ferent plan t par t s  are 

shown in Figures 3 . 1  for toma toes , 3 . 2  for as ter , and 3 . 3  for swee t corn . 

F i gure 3 . 4  shows mean numbers of larvae over two seasons on all  plan t  

par t s . From these resul t s  i t  could be concluded that the rel a t i ve 

prefer ence o f  feed ing s i t es o f  � . armigera larvae on each plan t spec i e s  

were : 

Tomat o  : frui ts  > leaves > f lowers 

As ter  : f lowers > leaves 

Swee t corn cobs > leaves 

Lucerne : hardly prefer red at  all compared to  o ther s pecies 

2 . Damage to  toma to fru i t s  by larvae of H . armigera 

Damage to  tomato  f ru i t s  by � . armigera between February 4 ,  and 

March 4 ,  1 985 is shown in Table 3 . 2 .  There was no s i gni f i can t 

d i f ference i n  damage between f rui t o f  ca tegory 1 and 2 ,  and 3 and 4 .  

Di f fe r ences were s ign i f i cant be tween category 1 and 3 ( P=0 . 001 ) ,  1 and 4 

( P=0 . 01 3 ) , 2 and 3 ( P=0 . 01 ) , and 2 and 4 ( P=0 . 01 7 ) .  This  showed that  

damage to  t oma t o  f ru i t s  by  � . armigera larvae was h igher  in smaller  

frui t s  ( 1-20 g )  than in  larger ones (above 20 g ) . The percen tages o f  

toma t o  fru i ts  whi ch possessed larvae o n  them were 6 . 7 ,  6 . 5 ,  5 . 5 ,  and 4 . 2  

% for  s i ze ca tegories 1 to  4 respect ively . Smaller f rui t s  ( 1-20 g )  thus 

had s igni f i can t ly more larvae than larger fru i t s ( above 20 g )  ( P=0 . 0 1 1 ) .  

3 . Infes tat i on o f  as ter  f lowers by larvae of  H . armigera 

Infes t a t i on of  as ter  flowers by larvae o f  � . armigera in the f i eld  

at  Palmers ton North  be tween February 4 ,  and March 2 , 1985 is  shown i n  

Table  3 . 3  and Figure 3 . 5 .  Mean numbers o f  whi t e ,  mauve , p ink , red and 
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purple as ters were 200 . 6 ,  242 . 9 ,  284 . 2 ,  302 . 9  and 458 . 3  respec t i ve ly . 

Di f ferences between these values were s igni f i can t except  be tween p i nk 

and red . Mean numbers o f  larvae per 10  f l owers on whi te , mauve , p ink ,  

red  and purple flowers were 1 . 3 7 ,  0 . 29 ,  0 . 45 ,  0 . 15 and 0 . 04 

res pec t ively . These f igures show highly s ign i f i can t d i f ferences . I t  

may be concluded that many more g . armigera larvae were found on whi t e 

than on purple flowers , al though this  as ter  var iety produced many more 

purple t han whi te flowers . Thus the resul t s  showed tha t ; 

Number o f  as ter  flowers whi te < mauve < pink = red < purpl e  bu t 

number o f  larvae on flowers : whi te > mauve > pink > red > purple . 
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every 3 days f rom December 27 , to March 2 ,  1984- 1985 

and 1 985-1986 on aster plan t s . 

(O) on leaves , (e ) on f lowers 
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Tabl e  3 . 2  Damage to each s i ze category of  tomato fru i ts by �. anmi gera l arvae between 
February 4 ,  and March 4 ,  1 985 . 

( For s tati st i cal analys i s  and d i fferences s ee page 4 5 )  

Sampl i ng Categori: 1 Categori: 2 Ca tegori: 3 Ca tegori: 4 

date No . fru i t No . l arvae No . fru i t No . l arvae No . fru i t  No . l arvae No . fru i t No . l arvae 
damaged on fru i ts damaged on fru i ts damaged on fru i ts damaged on fru i ts 
per 80 per 80 per 80 per 80 

4/2 38 3 50 6 28 5 3 2  2 

1 1/2  41  6 51  4 32  4 24 4 

18/2 36 7 34 5 30  4 3 2  4 

2 5/ 2  40 6 4 5  6 33 5 3 0  5 

4/3 39 5 47 5 27 4 29 2 

Tota l  194 27 227 26 1 50 22 1 4 7  1 7  

% 48. 50 6 . 70 56 . 75 6 . 50 37 . 5 0  5 . 50 36 . 75 4 . 20 

(.11 ' 
....... 



Table 3 . 3  Mean t o tal numbers of  as ter  f lowers and mean numbers 

of  � . armigera larvae per 10 f lowers observed 

Vhi te 

Mauve 

P i nk 

Red 

Purple 

be tween February 4 ,  and March 2 , 1985 . 

(All  colours of  flowers flowered a t  the same t ime ) 

As ter  flowers 

( mean ± S . E . ) 

200 . 6  ± 20 . 36 

242 . 9  ± 1 3 . 83 

284 . 2  ± 1 9 . 8 6 

302 . 9  ± 25 . 7 1 

458 . 3  ± 2 1 . 3 1 

Larvae per 10 flowers  

(mean ± S . E . ) 

1 . 37 ± 0 . 12 

0 . 29 ± 0 . 03 

0 . 45 ± 0 . 05 

0 . 15 ± 0 . 02 

0 . 04 ± 0 . 02 
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F igure 3 . 5  Mean to tal  numbers of  � . armigera larvae observed 

every 3 days be tween February 4 ,  and March 2 ,  1 985 on 

d i f ferent colours of as ter  flowers . 
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4 . Infes ta t i on o f  swee tcorn cobs by larvae of  H . armigera 

In February , 1985 the swee t corn cobs were severely damaged ( Table 

3 . 4 ) . The overal l mean percen tage was 23 . 6 % and percen t o f  cobs wi th  

� . armigera larvae 1 1 . 2 .  The percen tage of  cobs damaged i n creased f rom 

18 . 2  % on February 4 to 29 . 5  % on March 2 .  There  was a c lose 

correlat ion be t ween numbers of  cobs and numbers of  larvae presen t . 

Table 3 . 4  Infes t a t i on o f  swee tcorn cobs by larvae of � . armigera 

be tween February 4 ,  and March 2 ,  1985 . 

Date  Total  cobs No . of cobs %o f cobs 

sampled 

4/2  2 30 

7 / 2  2 3 9  

10/2 255 

13 /2  255 

16/2  283  

19/2  283  

2 1 / 2  2 8 3  

24/2  2 9 1  

2 7 / 2  2 9 1  

2 / 3  302 

Means · · . 2 7 1 . 2  

damaged damaged 

42 18 . 3  

51  2 1 . 3  

54 2 1 . 2 

57  2 2 . 3  

60 2 1 . 2  

66 23 . 3  

7 2  25 . 4 

75  25 . 8 

80 27 . 5 

89 29 . 5  

64 . 6  23 . 6  

No . of larvae %o f cobs 

on cobs w i t h  larvae 

19  8 . 3  

26  10 . 9  

17  6 . 7  

1 2  4 . 7  

20 7 . 1  

37 1 3 . 1  

50 1 7 . 7  

54 18 . 6  

41  14 . 1  

34 1 1 . 3  

3 1  1 1 . 2  
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5 . Pheromone t rapping o f  H . armige ra at Palmerston Nor th . 

Be tween December 25 , 1985 and Apr i l  30 , 1986 , 306 Hel i o th is  mo ths 

were caugh t by t he 4 pheromone t raps ; all  were � . armigera males . The 

f i r s t  mo th  was caugh t on December 29 , 1985 and the las t on Apr i l  25 , 

1986 . The percen tage of mo t hs caugh t f rom December t o  Apr i l  was 1 . 3 ,  

14 . 1 ,  24 . 5 ,  44 . 1  and 16 . 0  for each mon th  respec t ively wi t h  a clear peak 

in March ( Table 3 . 5 ) . There was no d i f ference in the numbers of mo ths 

caugh t f rom pheromone t raps o r i en ta t ed E-W compared to  N-S . The mean 

values of mo ths caugh t per nigh t , day t ime maximum temperature , n i gh t  

t ime minimum temperat ure , wi nd veloc i ty and rainfall dur i ng the t rapping 

per i od were 2 . 4 ,  2 1 . 9 °C ,  12 . 6 °C ,  10 . 7  km/h and 2 . 9  mm/day respe c t ively . 

M in imum t empera ture at  n igh t showed the mos t e f fect  on numbers o f  mo ths  

caugh t ( r= 0 . 1247 , P=0 . 082 ) and maxi mum temperature in  day t i me showed the 

leas t e f fec t ( r=-0 . 0304 , P=0 . 368 ) bu t no env i ronmen t a l  fac tor  showed 

s i gn i f i cant  correlat i on wi t h  mo t h  ca t ches (Table 3.  6 ) . The 

rela t i onsh i ps between numbers of mo t hs caugh t and maxi mum tempera ture , 

m inimum temperature , wind veloc i ty and rainfall  are shown i n  F igure 3 . 6 .  

I t  may be concluded that a t  Palmers t on Nor th be tween December 1985 

and Apr i l  1986 , numbers of  mo ths caught was highes t in March bu t t ha t  

for indiv idual days there was n o  s i gn i f i cant  e f fect  o f  t emperature , wind 

veloc i ty or  rainfall on t rap ca t ches . 



Table  3 . 5  Pheromone t raps cat ches of  � . armigera mo ths i n  

exper i men tal plo t area be tween December 1985 

and Apri l  1986 . 

Per i od 

December 1 985 

January 1986 

February 1 986 

March 1986 

Apr i l  1986 

To t al 

% 

Numbers of  mo ths caugh t 

Trap or ien t a t i on 

E-'W N- S 

1 3 

23  20  

40 35 

57  78 

28 2 1  

149 157  

48 . 7  51 . 3  

To tal %of  to tal 

for  per iod 

4 1 . 3  

43 14 . 1  

75  2 4 . 5  

135 44 . 1  

49 1 6 . 0  

306 

100 

56 



Tab l e  3 . 6  Correlat ion coe f f i c ien t s ( r )  and probabi l i ty ( P )  be tween 

envi ronmental fac t ors and pheromone t rap cat ches of 

!! . armigera . 

Mo t hs 

caugh t 

per n igh t 

Mean 

so 

Mo ths caugh t Maxi mum 

per night  

2 . 4  

1 .  759  

day 

T ( °C )  

-0 . 0304 

( P=0 . 368 ) 

2 1 . 9  

2 . 903 

Minimun 

night 

T(  °C )  

0 . 1247  

( P=0 . 08 2 )  

1 2 . 6  

3 . 8  

Wind 

veloci ty 

( km/h ) 

0 . 1 2 1 1  

( P=0 . 088 ) 

10 . 7  

4 . 962  

Rainfall  

-0 . 1 154 

( P=0 . 099 ) 

2 . 9  

7 .  3 1 1  

57 
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DI SCUSSION 

! . Seasonal occurrence o f  H . armigera larvae on hos t plan ts  

and infes t a t i ons in rela t ion to  plan t phenology .  

5 9  

I n  early s t ages o f  plan t growth  (no flowers ) before February i n  

b o t h  seasons , larvae were found feed ing on hos t plan t leaves especially 

o n  t oma to  and as ter  leaves . This pa t t ern occurred un t i l  plan t s  were 

f lower i ng and then the numbers  of  larvae on leaves decreased . I t  may be 

concluded t ha t , as in  t h i s  per iod only leaves were avai lable , � . armigera 

l arvae had no  cho ice o f  o ther food sources . Hos t eggs are probably 

depos i ted on plan t leaves and s t ems and newly ha t ched larvae s ta r t  

f eed i ng where eggs a r e  lai d . Burke t t  e t  al . , ( 1 983 )  showed that f i r s t  

i ns tar  larvae of  H . zea fed in i t ial ly on the plan t par t s  o n  whi ch t hey 

were placed . Pencoe and Lynch ( 1982 )  also reported that f i rs t  i ns t ar 

l arvae of  H . zea exhibi t ed a d i s t i nct  preference for terminals o f  pean u t s  

a s  feeding s i tes whi ch were also the mai n  ovi pos i t i on s i tes . 

A t anasov ( 1 964 ) , Barbe r ( 1943 )  and Johnson e t  al . ( 1 9 75 )  repor ted t ha t  

Hel i o th is  species lay eggs on all  par t s  o f  hos t plan ts , a l t hough 

o v i pos i t i on preferences are of ten for plan t leaves (Alvarado-Rodr iguez 

e t  al . , 1982 ; Farrar and Bradley , 1985 ; H i llhouse and P i t re ,  1 9 7 6 ; 

Mabbe t t  and Nachapong , 1984 ) . 

B r oadley ( 1977 ) , Johnson e t  

However , some i nves t iga tors , for  example , 

al . ( 1975 ) , Lingren e t  al . ( 1 977 ) and 

Neunz ig( 1 969 ) showed that  Hel io th is  spec ies preferred to lay eggs on 

f l owers and flower buds . In the presen t f i eld t r ial only leaves and 

s tems were avai lable early in the season for ovipos i t i on and for larval 
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food . Thus newly hat ched larvae fed ini t i ally on leaves whe ther they 

were preferred food or no t .  From the data i t  canno t be concluded that  

lucerne , t oma to  and as ter  leaves were preferred f ood t o  swee t corn leaves 

s imply by the numbers of larvae on them . I t  is probably because more 

eggs were laid on lucerne , tomato  and as ter  l eaves than on sweet corn 

l eaves . Fur ther exper iments  are needed to inves t iga te  t hi s . 

On t oma to and as ter  plan t s , the f i rs t  larva was found on leaves i n  

both  s easons and later t h e  numbers of  larvae increased o n  f lowers and 

frui t s  ( Figures 3 . 1 ,  3 . 2 ,  3 . 3  and 3 . 4 ) . This resu l t  i s  suppor t ed by the 

f ind i ng o f  Burke t t  e t  al . ( 1 98 3 )  and Cameron and Valen t ine ( 1985 ) .  

Yhen larvae grow bigger they tend to  move o f f  f rom where they ini t i a l ly 

fed ( such as leaves and terminals ) and search for more preferred plan t 

par t s . Burke t t  e t  al . , ( 1 983 ) , Farrar and Bradley ( 1985 ) repor ted that  

larvae of  H . zea pre ferred toma to and cot ton f lowers and f ru i ts  to  leaves 

and also  that larvae fed on flowe rs had the highes t mean survival . Eger 

e t  a l . ( 1982 ) ,  Pietanza ( 1 968 ) and Raina et al . ( 1986 ) also repor ted tha t 

as t e r  and carna t ion flowers  were pre ferred by Hel i o t h i s  species over 

leave s . On swee tcorn , in the presen t work larvae were found on the same 

date  on leaves and on cobs . Thi s may be because in th is  case eggs were 

laid  on bo t h  s i lks and leaves and tha t newly ha t ched larvae fed 

i n i t i a l ly on  them . Gross e t  al . ( 1975 ) , Harri son ( 1960 ) repor ted that  

� . zea laid eggs preferen t ially on corn s i lks and leaves and that newly 

hat ched larvae s t arted feed i ng where eggs were depos i ted . Sweetcorn  

leaves seem to  be  the  leas t preferred food for � . armigera larvae 

( Figures 3 . 3  and 3 . 4 ) . McM i l l ian et  al . ( 1966 ) demons t rated that H . zea 
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u t i l i zed corn kernels , toma t o  frui ts , corn s i lks and corn seed ra t her 

t han tomato  leaves , corn leaves and many o ther hos t plan t leaves . 

One i n teres t i ng resul t was the i nfes t a t i on of  larvae on as ter  

f l owers i n  rela t i on t o  flower colour . Al though the numbers o f  purple 

as ters  were highe s t  compared to o ther colours , the numbers of  larvae 

f ound on them were l owes t .  The reverse occurred wi th whi te a s t e r  

f lowers . N o  evidence i s  ava i lable to  explain t h i s  but i t  could b e  due 

to d i f ferences in  a t t rac t i veness  of flower pigmen ts  or to some o t her  

b i ochemi cal d i f ferences be tween f lowers caus ing d i f feren t i al 

ovipos i t i on .  

2 . Pheromone t rapping o f  H . armigera at Palmers t on Nor th 

The pa t tern o f  pheromone t rap cat ches w i t h  few mo ths i n  December 

and r i s i ng to  a peak in  March was s imi lar to  the resu l t s  from l ight 

t raps run a t  Massey Univers i ty in 1966- 1969 ( Gaski n ,  1970a ; Spi t zer , 

1 970 ) .  These au thors repor ted that few mo ths ( <10 ) were caugh t before 

January , al though the f i rs t  mo th appeared i n  Oc tober . Gaski n ( 1970a)  

also  showed var i a t i on o f  cat ches be tween two  seasons ( Oc tober to  

Sep t embe r ) . In  1966-67 ,  f i ve mo ths were caugh t dur ing Oc tober to  

December bu t only one  mo th was caugh t in  1967-68 i n  t he same per i od . 

Gaskin ' s  data show tha t mos t  mo ths were caugh t i n  February and March but  

none were caugh t dur i ng May to Sep tember in  e i ther season . Cumbe r ( 195 1 )  

also  ran a l igh t t rap i n  Nelson (nor th- wes tern Sou th Is land ) f rom July 

1 949  to  July 1950 but  caugh t only 3 ,  3 and 7 H . armigera in January , 

February and March respec t i vely . 
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I n  the presen t s tudy i t  can be sugges ted that the very few 

mo ths ( 4 )  caught in  December may have emerged from overw i nter i ng pupae . 

The number during t h i s  per i od may be low because of 

from  t he previous season and/or pupal paras i t ism 

d iapaus i ng pupae 

by the fungus , 

Paecilomyces farinosus (Alma , 1975a , 1977 ; Valent ine , 1975 ) . The large 

number o f  moths caugh t in February and March mus t  be mos t ly progeny from 

the f i r s t  seasonal genera t ion of  larvae but  may be supplemen ted by l a t e  

emerging d i apaus ing pupae . O t her fac tors a f fect ing the high t rap 

ca t ches in  this period could be 1 )  opt i mum temperatures for mo t h  

ac t ivi t y ,  2 )  the ava i labi l i ty o f  food for adul t s  in  the form o f  sui table 

flowers , and 3)  the vari ous hos t plan t s  prov i d i ng at t ract ive ovi pos i t ion  

s i t es .  Mo ths appear i ng i n  Apr i l  may be from a second genera t ion wh i ch 

ma t u re and then produce a part ial third generat ion o f  larvae many o f  

wh i ch succumb t o  cold weat her i n  late Apri l  and May . Th is  pa t t ern 

agrees w i th  publ i shed descr i p t ions of  seasonal development in New 

Zealand ( Valen t ine , 1975 ) . 

Mean daily maximum t emperature , minimum n ight t emperature , w i nd 

veloci ty and rainfall  dur i ng the observa t i on per i od were 2 1 . 9 °C ,  1 2 . 6 ° C ,  

10 . 68 km/h and 2 . 9  mm/day respec t ively (Table 3 . 6 ) .  Al though i nd i v i dual 

me t eorologi cal parame t ers showed no signi f i cant  correl a t i on wi th  c a t ches 

of  mo ths  ( see Table 3 . 6 ) ,  more mo ths were caugh t when the minimum night  

temperature was grea ter  than 10°C ,  wind ve loc i ty was less  than 20  km/h 

and t here was less than 8 mm rainfall ( Figure 3 . 6 ) .  Gaskin ( 1964 ) s e t  a 

light  t rap in Yel l i ng ton 

repor t ed that fac t o rs 

during two summer seasons of  196 2-64 and 

a f fect ing the f l ight of Noc tuid  mo ths in general 
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were t empera ture , wind s peed and rain . O ther  s t ud ies have shown that  

the fl igh t of  mo ths a f t er dark i s  more dependen t on temperature t han on 

o ther fac tors . Gaski n ( 1964)  concluded that s t rong wind appears to  

opera te  as an  inhi b i t i ng factor , bu t cold rain  even w i thout much wind  i s  

near ly always a s ign t hat  very few mo ths will  be  flying . Har t s t ack e t  

al . ( 1979 ) also showed tha t low temperature a t  n ight ( <12 . 8 °C )  inh i b i t s  

overall  Hel i o this  mo th ac t i v i ty includ i ng the courtship  response  and 

f l i gh t  o f  male mo ths to pheromone t raps . He considered tha t  rai n had 

l i t t le d i rec t  e f fe c t  upon t rap func t i on , al though heavy rain at n igh t 

may h i nder mo th f l igh t  and thus decrease t rap catches . 

CONCLUSIONS 

In Manawa tu , New Zealand during t he two growi ng seasons o f  

1984-1986 , � . armigera mo ths were f i r s t  caugh t by pheromone t raps i n  

Dec ember and the numbers reached a peak i n  March and were absen t by l a t e  

Apr i l .  

In f i eld crops , leaves ( t omato  and as t e r )  were the f i rs t  f eed i ng 

s i te observed and soon af ter  hos t plan t s  produced flowers  and frui t s  

larvae moved o n  t o  these plan t par t s . On ma ture s tages o f  plan ts  larvae 

fed preferent ially on fru i t s ( toma to ) ,  cobs ( sweetcorn ) and f lowers ( as t e r )  

ove r  plant leaves . Larvae were hardly observed a t  a l l  o n  lucerne 

plan t s . The heav ies t  infes t a t ion of plan t s  occurred in  February and 

March . 



CHAPTER 4 

OVIPOSITION PREFERENCE OF HELIOTHIS ARMIGERA 

ON DIFFERENT PLANTS 

INTRODUCTION 
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There i s  l i mi ted informa t i on on  ovi pos i t i on pre ference by  the 

toma t o  f ru i tworm , � .armigera on d i f feren t hos t plan t s . H6wever , many 

s tud i e s  have been conducted wi thin plan t s pec i es to de termine factors  

inf luencing ovi pos i t ion pre ference and ovi pos i t ion s i t e for  several 

Hel i o t h i s  species . Some i nves t iga tors have sugges ted that i n i t ia t i on o f  

ovipos i t ion response i s  due t o  hos t plan t odours whi ch emana te f rom 

rap i d ly growing plan t s  and succulen t t i ssues ( Fle tcher , 1 941 ; Jackson e t  

al . , 1 984 ; Johnson e t  al . , 1 975 ) . Sur face texture o f  subs t ra t e  

( Cal l ahan , 1957 ; Lukef ahr e t  al . , 1965 ; McCol loch , 1920 ) , part i cular 

s tages o f  plan t grow th and development ( Mabbe t t  and Nachapong , 1 983 )  and 

the avai labi l i ty of nectar for female mo ths (Alvarado-Rodr iguez et al . ,  

1982 ; Coaker , 1 960 ) are all  known to i n f luence ov i pos i t ion and egg 

produ c t i on .  In general , Hel i o this  spp . mo ths prefer to lay eggs on 

hos t plan t s  i n  the f lowering s t age over o ther phenological  s tages 

( Coaker , 1960 ; F i rempong , 1986 ; Hardwick ,  1965 ; Neunzig , 1969 ) . Working 

wi th  co t ton , Mabbe t t  and Nachapong( 1983 ) found that � . armigera mo ths 

preferred to ovi pos i t  on heal thy plan t s  which were unusual ly tal l .  

However , Broadley ( 1 978 ) demons t rated that egg- laying o f  Hel i o t h i s  spp . 

on t oba�co in  Queens land , Aus t ralia  did  no t vary wi th  plan t  s i z e . 

Hel io this  moths are known to lay eggs on  all  par ts  o f  hos t p lan t s  

( A t anasov , 1964 ; Barber , 1943 ; Mabbe t t  and Nachapong , 1984 ) . H i llhouse  
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and P i t re ( 1976 ) ,  Jackson et  al . ( 1983 ) , Patel e t  al . ( 19 7 4 )  repor t ed 

that  Helio th is  ov i pos i ted pre feren t i al ly on the ' 'upper hal f "  o f  hos t 

plan t s . Broadley ( 1977 ) and Hardwick ( 1965 )  i n  review papers s t a t ed that  

� . armigera preferred to ov i pos i t  on f l owers and flower buds over leaves . 

This is  suppor t ed by the f ind ings o f  Johnson e t  al . ( 1 975 ) , Li ngren � 
al . ( 1977 )  and Neunz ig( 196 9 )  on H . vi rescens and H . zea . In  con t ras t ,  

Mabbe t t  and Nachapong( 1984 ) and Pa t e l  e t  al . ( 1974 ) demons t ra ted tha t 

� . armigera laid  eggs preferen t i al ly on f la t  par t s  o f  plan ts  such as 

leaves , leafle t s  and terminal buds . This  resul t is suppor ted by a great 

numbe r  of publ i ca t i ons such as those of Alvarado-Rodr iguez e t  al . ( 1982 ) , 

Farrar and Bradley ( 1985 ) , H i llhouse and P i t re ( 1976 ) ,  Jackson e t  al . 

( 1983 )  and Snodderly and Lambdin ( 1982 ) whi ch were mos t ly concerned wi th  

� . vi rescens and � . zea .  Alvarado-Rodr i guez e t  al . ( 1982 ) , Broadley ( 1978 ) 

and Neunzig( 1969 ) reported that no preference was found for  upper and 

lower leaf surface o f  hos t plan t in H . v i rescens and H . zea . However ,  

Pa t e l  e t  al . ( 1 974 ) and Reed ( 1 965 ) found that ovipos i t ion o f  � . armigera 

on co t ton was pr imar i ly on the upper surface of  leaves . McCol loch ( 1920 ) 

also showed tha t H . zea preferred to lay eggs on the upper leaf  sur faces 

of corn compared to  lower leaf surfaces . In con t ras t , Jackson � 
al . ( 1 983 ) ,  H i llhouse and P i tre ( 197 6 )  and Snodderly and Lambd i n  ( 1982 )  

repo r t ed tha t  H . v i rescens and H . zea laid  eggs preferen t i al ly on the 

lower leaf sur faces of  co t ton , tobacco and t oma t o . 

The evi dence for d i s t inct preferences for plan t par t s  o r  

developmen tal  s tages for  ov ipos i t i on by  Hel iothis  spp . i s  thus 

confusing and in  some cases confl ic t ing .  

tn the presen t work a ser i es o f  experiments  was under t aken t o  

inve s t igate for  � . armigera ovi pos i t i on pre ference between plan t par t s , 

and plan t speci es accord i ng to phenolog i cal  s tage of  developmen t .  The 
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poss i ble role  of plant odour in  selec t i on be tween plan t species  was also 

briefly examined . 

MATERIALS AND METHODS 

Larvae were reared on ar t i f i c ial d i e t  as described i n  Chapter  5 .  

Fully grown larvae were placed in to  pupa t i on con tainers  w i t h  

vermicul i te .  Newly emerged mo ths were t ransferred to ma t i ng con tainers  

as  described in  Chap ter  5 and prov ided wi th 10% honey pollen solu t ion . 

The mat ing cont ainers were kept in a con t rol led temperature room ( 20 °C ) 

for  3 days before mo ths were used for experimen ts  because i t  had been 

shown that mos t eggs were laid on the 4 th , 5 th and 6 th days a f t e r  

emergence ( Figure 4 . 1 ) . 

Lucerne , toma to , as ter and swee t corn plan ts  were rai sed 

individually in  plas t i c  plant ing bags in  a greenhouse . No pes t i cides  

were appl i ed to  these plan t s . 

! . Oviposi t i on preference of H . armigera for plan t parts  

wi thin  plan t species ( mature flowering plan ts) . 

Wi thin  a greenhouse , one ma ture f lowering plant was placed i n  a 

nylon mesh cage ( 1 . 5xlx0 . 5  m )  i n to  whi ch 4 male-female pai r s  o f  

pre-ma ted mo ths were released . Plan t s  in the cages were replaced daily 

and mo ths were replaced every 2 days over a per iod of 12  days . There 

were s i x  separate  cages of  each plant spec i es . The numbers of  eggs laid  

on  each plan t were coun ted in the fol lowing ca tegories : 

ai All plan t s : upper and lower half  of each plan t . 

b )  All plan t s : upper and lower sur face of  leaves . 

c )  Lucerne plants : f lowers , s t ems and leaves . 



d )  Tomat o  plants : f lowers , frui ts , s tems and leaves . 

e )  As t e r  plan t s : f lowers , f lower buds , s tems 

and l eaves ( includ i ng cal i ces ) 

f )  Swe e t corn plan t s : tassels , ears , s tems 

and l eaves ( including leaf shea t hs ) . 
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Coun t s  for each assessmen t were conver ted to percent ages and then 

subj ec ted to angular or arcsine t rans forma t i on ( Li t t le and H i l ls , 1 9 75 ) . 

2 . 0vipos i t ion preference of H . armigera between four 

hos t plan t s ( i mma t ure non- flowering plan t s ) .  

W i thin  a greenhouse , one i mma t ure plant each of  lucerne , toma t o , 

as t er and swee t corn were placed t oge ther in a nylon mesh cage ( 2x2x1 . 8  

m ) . Plan t s  were no t iden t i cal in age bu t all  were expe c t ed t o  f lower i n  

approxima tely 2 weeks t ime . Accordi ng t o  F i rempong( 1986 ) , t he height  o f  

hos t  plan t s  s t rongly inf luences ov i pos i t i on preference s o  all  plan t s  i n  

t h i s  experimen t were adj us ted t o  t h e  same heigh t . Plan t s  were s paced 

approxima t ely 1 m apar t .  F ive male-female pa i rs of  pre-ma ted  mo ths  were 

rel eased i n t o  the cage and allowed to lay eggs on the plan t s  over  2 days 

when they were replaced by fresh mo ths . The process was repeated  af ter  

4 days . Mo ths i n  the cage were provi ded wi th  10% pollen honey solu t i on 

f rom  a cen t ra l ly placed co t ton wick d i s penser . Plan t s  were replaced 

da i ly and pos i t i ons of plan t spe c i es re- randomi sed . Numbers o f  eggs 

la i d  on each plan t were recorded over 6 consecu t i ve days . 

3 . 0vipos i t i on pre ference of  H . armige ra be tween 

f our Qos t plan t s  (mat ure flowering plant s ) .  

Thi s  exper i ment  was conduc ted i n  t he same manner as exper imen t 2 

bu t plan t s  used were ma ture flowe r ing plants . Lucerne and as t e r  were 
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abo u t  2-weeks i n t o  flowering ,  toma to plan ts  were about 2 -weeks i n t o  

f ru i t ing and sweet corn plan ts were abou t 2-weeks i n t o  the c o b  s tage . As 

ava i lab i l i ty of nec tar from the tes t plan t s  was cons i de red to be a 

fac tor  that migh t  influence ovi pos i t i on preference 

s o lu t ion was provi ded for  the mo ths in thi s experimen t . 

no pol len honey 

Numbers of eggs 

la i d  on each plan t were recorded over 6 consecu t ive days . 

4 . E f fec t  o f  plan t odour on ovipos i t i on pre ference 

o f  H . armigera ( mature flowering plan t s ) .  

Thi s  expe r i men t was conduc ted in  the same manner as exper iment  3 

bu t all plan t s ( ma ture flower ing )  were covered wi th 2 layers o f  whi t e  

mus lin  clo t h .  Thi s was done to elimina t e  phys i cal and con ta c t  chemi cal 

fac tors that could i n f luence egg lay i ng preference such as adul t food 

source , plan t surface texture , mo rphology , surface chemi s t ry and colour 

leaving plan t  odour as the only determ inant o f  choice  of ov i pos i t i on 

s i t e .  Mo ths were provi ded wi th 10% pol len honey solu t i on .  Numbers o f  

eggs laid on the muslin  cloth covering o f  each plant were coun t ed dai ly . 

There were 4 repli cates . 

RESULTS 

! . Ovipos i t ion pre ference o f  H . armige ra for  plan t par t s  

w i thin  plant species ( ma ture flowering plant s ) .  

Mean percen tages o f  eggs laid by � . armigera on vari ous par t s o f  

lucerne , toma t o , as ter  and swee tcorn plan t s  are presen ted i n  Tables 4 . 1 ,  

4 . 2 ,  4 ; � ,  4 . 4  and Figures 4 . 2 ,  4 . 3  and 4 . 4 .  Percentages for  each day 

f o r  each plan t are shown in Append i ces 3 ,  4 ,  5 and 6 .  

On lucerne , 81 . 6% o f  eggs were laid on the plan t s  and 18 . 4% on 
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surround i ng subs t ra tes such as nylon mesh of  the cage . Of  eggs laid  on 

the plan t s , 85 . 4% were laid  on the upper half  and 14 . 6% on the lower 

hal f .  Mos t eggs were laid on leaves ( 82%)  followed by f lowers ( 1 3 . 2% )  and 

s tems ( 4 . 8% ) . Of those eggs laid on leaves , 76 . 6% were on the upper 

sur face and 2 3 . 4% on the lower sur face (Table 4 . 1  and Append i x  3 )  

On toma t o , 7 6 . 4% o f  eggs were laid  on the plan t s  and 23 . 6% on 

o t her subs t ra t es . Of eggs laid on the plan t s , 79% were laid  on the 

upper hal f  and 2 1% on t he lower hal f . Mos t eggs were laid  on leaves 

( 75 . 9% )  followed by f lowers ( 16 . 7% ) , f ru i t s ( 5% )  and s tems ( 2 . 4% ) . Of 

those eggs laid  on leaves , 76 . 3% were on the upper sur face and 2 3 . 7% on 

the lower sur face (Table 4 . 2  and Append i x  4 ) . 

On as t e r , 7 5 . 3% o f  eggs were laid  on plan ts  and 24 . 7 %  on o ther 

subs t rates . O f  eggs laid on the p lan t s , 7 3 . 4% were laid  on the upper 

hal f  and 2 6 . 6% on lower half . Mos t eggs were laid on leaves and 

cal i ces ( 54% ) followed by s tems ( 29 . 5% ) , flower buds ( 10 . 3% ) and 

f l owers ( 6 . 2% ) . Of eggs laid on leaves , there was no s ign i f i can t 

d i f ference be tween upper and lower sur face , al though s l igh t ly more eggs 

we re laid on the upper sur face ( 55 . 6% )  than on the lower surface ( 44 . 4% )  

( Table 4 . 3  and Append i x  5 ) . 

On swee t corn , 85 . 1% of eggs were laid on plants  and 14 . 9% on o ther 

subs t rates . O f  eggs laid on the plan t s , 75 . 4% were laid on the upper 

hal f  and 24 . 6% on the lower hal f .  Mos t eggs were laid on 

leaves ( including leaf shea ths ) ( 70 . 4% )  followed by cobs ( 1 6 . 6% ) , 

t assels ( 10 . 4% )  and s t ems ( 2 . 6% ) . Of  those eggs laid on leaves , 7 2 . 5% 

were on the upper surface and 27 . 5% on the lower surface ( Table 4 . 4  and 

Appendix 6 ) . 
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Table 4 . 1  Percen tages o f  eggs laid o f  � . armigera on 

d i f ferent  par t s  of mature f lower ing 

lucerne plan t s . 

Plan t par t s  

Flowers 

S t ems 

Leaves 

Upper hal f o f  plant 

Lower hal f  o f  plan t 

Upper sur f ace o f  leaves 

Lower sur face o f  leaves 

Percen t of eggs laid 

13 . 2  a 

4 . 8  b 

82 . 0  c 

85 . 4  a 

14 . 6  b 

76 . 6  a 

23 . 4  b 

Means wi t h i n  groups i n  the column , no t followed by 

the same · le t t er are s i gn i f i can t ly d i f feren t ( P=O . OS ) . 
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Table 4 . 2  Percen tages o f  eggs laid o f  � . armigera on 

d i f ferent  par ts  o f  ma ture f lo�er i ng 

toma to  plants . 

Plant par t s  

Flo�ers 

Fru i t s  

S tems 

Leaves 

Upper hal f o f  plant 

Lo�er half o f  plant 

Upper surface of  leaves 

Lo�er surface of leaves 

Percen t of eggs laid 

16 . 7  a 

5 . 0  b 

2 . 4  c 

75 . 9  d 

79 . 0  a 

2 1 . 0  b 

76 . 3  a 

23 . 7  b 

Means �i th in  groups i n  the column , no t follo�ed by 

the same le t ter  are s i gn i f i can t ly d i f ferent ( P=0 . 05 ) . 

7 2  



Table 4 . 3  Percen tages of eggs laid o f  � . armigera on 

d i f feren t par ts  of ma ture f lowe r i ng 

as t e r  plan t s . 

Plan t par ts  

Flowers 

Flower buds 

S t ems 

Leaves and cal i ces  

Upper hlaf o f  plan t 

Lower half o f  plant 

Percen t of eggs laid 

6 . 2  a 

10 . 3  b 

29 . 5  c 

54 . 0  d 

7 3 . 4  a 

26 . 6  b 

Lower sur face o f  leaves and cal ices 55 . 6  a 

Upper sur face o f  leaves and cal i ces 44 . 4  a 

Means wi thin  groups in the column , no t fol lowed by 

the same le t ter  are s ign i f i can t ly d i f feren t ( P=0 . 05 ) . 
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Table 4 . 4  Percen tages o f  eggs laid  of  � . armigera on 

d i f feren t par t s  of ma ture f lo�ering 

swee tcorn plan t s . 

Plant par t s  

Tassels 

Cobs 

S t ems 

Leaves and leaf shea ths 

Upper hal f of  plan t 

Lower half  o f  plan t 

Upper sur face of  leaves 

Lower sur face of leaves 

Percen t of eggs laid 

10 . 4  a 

16 . 6  b 

2 . 6  c 

70 . 4  d 

75 . 4  a 

24 . 6  b 

7 2 . 5  a 

27 . 5  b 

Means w i thin  groups in  the column , not followed by 

t he same let ter are s i gni f ican t ly d i f feren t ( P=0 . 05 ) . 

7 4  
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2 . 0vipos i t i on preference of  H . armigera be tween four 

hos t plan t s ( i mma ture non- f lowering plant s ) . 

78 

Mean percen tages o f  eggs laid b y  � . arm igera on i mma ture lucerne , 

t oma t o , as ter  and swee tcorn plan t s  are shown in the f i rs t  sec t i ons  o f  

Table 4 . 5  and Figure 4 . 5  and are detai led i n  Appendix 7 .  On i mma ture  

non- f lowering plan t s  mos t eggs were laid  on  lucerne ( 46%) fol lowed by 

toma t o ( 25 . 9% )  and as ter  ( 20 . 1%)  ( no t  s ign i f i cantly d i f feren t )  and 

swee t corn ( 8% ) . 

3 . 0vipos i t i on pre ference of  H . armigera between four 

hos t plan t s ( mature f lowering plant s ) . 

Mean percen tages of  eggs laid by � . armigera on ma ture lucerne , 

toma t o , as ter  and swee tcorn plants  are shown in the cen t re sec t i ons  o f  

Tabl e  4 . 5  and Figure 4 . 5  and are detai led i n  Append i x  7 .  Mos t eggs i n  

this  case were l a i d  on as ter ( 42 . 3% )  f o llowed b y  swee tcorn ( 30 . 9% ) , 

toma t o ( 17 . 4%)  and lucerne ( 9 . 4% ) . All d i f ferences were s t a t i s t i ca l ly 

s ign i f i can t . 

4 . E f fec t  o f  plan t odour on ovipos i t i on preference 

o f  H . armigera ( ma ture f lowering plan ts ) . 

Mean percen tages of  eggs laid on wh i te muslin cloth  cove r i ng t he 

four hos t plan t s  are shown i n  f i nal sect i ons of Table 4 . 5 ,  F igure 4 . 5  

and are detai led i n  Append ix  7 .  The order o f  preference was i d en t i cal 

to uncovered ma ture flowering plan ts  wi th 

as t e r ( 4 2 . 4% )  fol lowed by swee t corn ( 28 . 6% ) , 

( 12 . 4%) . The d i f ference be tween toma to  

s t a t i s t i cally s i gn i f i cant . 

mos t eggs 

tomat o ( 1 6 . 6% )  

and lucerne 

be i ng laid  on 

and l uce rne 

was no t 



Tabl e  4 . 5  Ovi pos i t i on preference of  � . armigera 

be tween four hos t  plan t s . 

Hos t plan t s  

Lucerne 

Toma t o  

As ter  

Swee t corn 

Immature 

plan ts  

46 . 0  a 

25 . 9  b 

20 . 1  b 

8 . 0  c 

Mean percen t o f  eggs laid  

Ma ture 

plan ts  

9 . 4  a 

17 . 4  b 

42 . 3  c 

30 . 9  d 

Covered ma t ure 

plan t s  

1 2 . 4  a 

16 . 6  a 

42 . 4  b 

28 . 6  c 

Values in  the same column , no t followed by 

the same l e t ter  are s i gn i f i can t ly d i f feren t ( P=O . OS ) . 

79  
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DICUSSION 

In the experimen t s  described � . armigera females laid some eggs on 

all avai lable subs t ra tes , although mos t eggs were laid on the t e s t  

plan t s . Percen tages o f  eggs laid on non-living subs t rates  ( nylon mesh , 

cage frames , plas t i c  plan t i ng bags , soil  med i a ,  pollen honey con tainers ) 

ranged f rom 18 . 4  to  24 . 7% .  S t rong s igni f i can t preference was shown f o r  

ovipos i t i on o n  upper halves of  all test  plan t s  ( range o f  7 3-85% ) . Thi s 

resul t i s  suppor ted by the f ind ing of  Pa tel  e t  al . ( l974 )  who showed that  

� . armigera ovi pos i ted preferen t i ally on the upper hal f of cot ton plan t s . 

S i mi larly , Hi llhouse and Pi tre ( 1976)  showed tha t ovipos i t i on by 

H . vi rescens and � . zea on soybean occurred in the upper two- t h i rds of the 

plan t , and in co t ton in  the upper one- th ird of the plan t . Jackson e t  

al . ( 1983 )  also repo r t ed that  H . v i rescens laid  over 87% o f  eggs on the  

upper  f i ve leaves o f  t obacco . 

For the four plant species evalua ted ovi pos i t i on preferences f o r  

plant par t s  were a s  fol lows : 

Lucerne : leaves > f lowers > s t ems 

Toma t o :  leaves > flowers > f ru i t s  > s t ems 

As ter : leaves and cali ces > s t ems > flower buds > f lowers 

Swee t corn : leaves and leaf sheath > cobs > tassels > s tems 

S igni f i can t preference was shown for leaves of all four hos t 

plan t s  as an ovi pos i t ion s i te as has also been repor ted by several o ther  

i nves t i gators . Mabbe t t  and Nachapong ( 1 984 ) and Patel  e t  al . ( 19 7 4 ) 

repor t ed that � . armigera preferred to lay eggs on fla t  par ts  of plan t s  

such as . leaves , leafle ts  and terminal buds . Alvarado-Rodr iguez e t  

al . ( 1982 ) ,  Farrar and Bradley ( 1985 ) , H i l lhouse and Pi t re ( 1 97 6 ) , 

Jackson e t  al . ( 1 983 ) , Pencoe and Lynch ( 1 982 )  and Snodderly and 

Lambd i n ( 1982 ) all repo r t ed that H . virescens and H . zea laid eggs 
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preferen t ially o n  plan t  leaves . McCol loch ( 1920)  showed t ha t  H . zea l a i d  

more eggs on  corn leaves wi th  rough and hai ry surfaces t han on leaves 

w i th rela t i vely smoo th  surfaces . However , Broadley ( l977 ) and 

Hardw i ck ( 1965 )  in  the i r  rev i ews concluded that � . armigera preferred t o  

lay eggs on  flowers and f l ower buds over hos t plan t leaves . Johnson e t  

al . ( l 975 ) , Lingren e t  al . ( 1 977 ) and Neunz ig( 1969)  also found t h a t  

H . v i rescens and H . zea mo t hs preferred to  lay eggs o n  f lowers compared t o  

leaves . 

Percen t ages of  eggs laid  on plan t s tems were very low excep t  on  

as t e r . As ter  s t ems possess numerous sof t  long hairs whi ch could form a 

sui t able ovi pos i t ion subs t ra te ( Plate  1 ) .  On t he o ther hand , lucerne and 

swe e t corn s tems are smoo th  and tomato  s tems have fewer and sharper ha i rs 

which  could  render them unsu i table . Cal lahan ( 1957 )  demons t ra ted that  

v i ll ous sur faces were bes t sui ted to  H . zea mo t hs for  mai n ta i n i ng a 

foo t hold and Lukefahr e t  al . ( 1965 ) also showed that  non-preferred 

ovi pos i t i on subs t ra t es for H . zea were glabrous such as t oma t o  f ru i t s . 

Flowering of  hos t plan t s  af fec ted ovipos i t ion preference o f  

� . armige ra between plan t spec i es . On immat ure plan ts  (no  flowers ) ,  

mo t hs preferred to  lay eggs on lucerne compared to t oma t o , as ter  and 

swe e tcorn but on mat ure plan t s  (wi t h  f lowers , f rui t s  and cobs ) mo t hs 

pre ferred as ter  to  swee t corn corn , toma to  and lucerne plan t s ( Table 4 . 5  

and Figure 4 . 5 ) . Th i s  may be because of  t he adul t food avai lable f rom 

f lowers both before and during ovi pos i t i on . Although the number  o f  

f l owers o n  each each plan t was no t quan t i f i ed , i t  was observed tha t  

as t er plan t s  had the  highes t amoun t o f  flowers and lucerne the  lowes t .  

Alvaradp-Rodr iguez e t  al . ( 1982 ) ,  Coaker ( 1 960 ) and Nu t tycombe ( 19 30 )  

reported tha t the ava i lab i l i ty o f  nec t ar for female mo ths inf luenced 

ov i pos i t i on of  � . armigera and H . zea . Coake r ( 1960 ) , Fi rempong ( 1 98 6 ) ,  

Hardwi ck( 1965 ) and Neunz ig( 1969)  also found that Hel i o th i s  mo ths  
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prefer red to ovi pos i t  on hos t plants  in the f lowering s t age compared to  

o ther phenolog i cal  s tages . 

When ma ture hos t plan t s  we re covered wi th wh i t e musl i n  c lo th  to  

e l i minate  phys i cal , contact  chemosensory , and v isual s t imu l i  and adu l t  

food avai labi l i ty the only rema in ing inf luence was odour emana t i ng from 

plan t s .  Under such cond i t i ons the order o f  preference was unchanged and 

mo ths  laid  more eggs on as ter  than on swee tcorn , t oma to  or lucerne 

plan t s . Thi s  i nd i cates that odour from as ter  was more a t t rac t i ve for  

ovipos i t i on than odours f rom the o ther hos t p lan t s . Swee tcorn plan t s  

were the second mos t a t t rac t ive poss i bly because of  odours emana t i ng 

from s i lks and developing seed . There was no s igni f i can t d i f ference i n  

th is  i ns tance be tween toma to  and lucerne though actua l  numbers o f  eggs 

were grea ter on cloth covered toma to plan ts than on s imi lar plan t s  o f  

lucerne . Lack o f  s ign i f i cance may have been due t o  the fac t that there 

were only 4 repl icates  for  this compar ison . Fle t che r ( 1941 ) and 

H i l lhouse and Pi t re ( 197 6 )  have prev iously repor ted that odours emana t i ng 

from  plan ts  a t t ract  H . zea mo ths and s t imulate  ovi pos i t ion . Akkawi and 

Scot t ( 1 984 ) and Harrison ( 1960 ) also demons t rated tha t corn s i lks induced 

ov i pos i t ion and ac ted as ovi pos i t ion s i tes  o f  H . zea . 

I t  i s  apparen t from these resul t s  that change in  ovi pos i t i onal 

preference be tween imma t ure and ma ture plan t s  may be due to d i f ferences 

in odour be tween mature and i mma ture plan t s  (whe t her emanat ing f rom 

f lowers or no t )  more than avai labi l i ty of  f loral nec tar . 
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CONCLUSIONS  

From these experimen t s  i t  can be  concluded tha t  ovi pos i t ion 

preference by � . armigera on d i f ferent plan ts  are as follow ; 

l . Upper half of  plan t s  was s t rongly preferred over lower hal f .  

2 . Leaves were preferred over o ther plan t par t s  and upper leaf 

surface was preferred over lower leaf surface . 

3 . Preference be tween plan t spec ies was mod i f i ed by flowe r i ng 

cond i t ion . 

On i mma ture plan ts : Lucerne was mos t pre ferred . 

On f lower i ng plants : As ter  was mos t preferred . 

4 . 0dour played a s igni f i can t role in  plan t selec t i on .  
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P la t e  4 . 1  S t ems o f  as t e r  showing so f t  long hair  and � . armigera eggs 
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The e f fe c t s  o f  various larval and adu l t  die t s  on developmen t of 

Helio this s pe cies have been repor t ed by many investigat ors . Luke fahr 

and Har tin ( 1964 ) repor ted that larvae of � . virescens and � . zea , fed on 

artificial medium , corn ears and cot t on bolls , produced different pupal 

weight s  and t ha t  adult  longevity and fecundity were influenced by 

dif fe rent adu l t  die t s . Burke t t  e t  al . ( 1 983 ) , Parrar and Brad ley ( 1985 ) 

and HcHillian e t  a l . ( 1966)  similarly demons t ra ted that larvae o f  H . zea 

reared on cot t on flowers , co t t on bolls and tomato f lowers developed 

fas t er ,  grew longer and heavier and had higher mean survival than those 

reared on c o t ton squares and hos t plan t leaves . Pupal weigh t o f  

Helio this is highly af fec ted by larval f ood . Doss ( 19 7 9 )  found tha t 

� . armigera larvae fed on soybean pods produced higher pupal weigh t s  than 

those fed on cot t on bolls , corn ears and t omato fruits . Reed ( 1965 ) also 

repor t ed that � . armigera larvae reared on maize produced higher pupal 

weigh t than co t ton .  Pret orious ( 19 7 6 )  found that longevi ty and 

fecundity o f  Helio this adults were also influenced by larval and adul t  

die t s  and Abul Nas r e t  al . ( 1976 ) also s howed that � . armigera larvae 

reared on corn ears had longer adul t  life span and higher numbers o f  

eggs laid t han t hose reared o n  co t ton bolls . Broadley and Butler ( 1983 ) 

showed that longevi ty of � . armigera adu l t s  was increased by providing 

wa t e r  or honey solu tions . 
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The obj ect ive of this s tudy was to  determine the biological 

f i tness in terms of growth and development ,  survival , and adult  

fecund i ty o f  � . armigera when larvae fed on 8 d i f ferent foods . 

MATERIALS AND METHODS 

Larvae o f  � . armigera , collec ted from infes ted f ield crops i n  

Manawatu , Nor th Island o f  New Zealand were reared on ar t i f i cial diet  in  

con t rolled laboratory cond i t i ons at  25t2 °C and 16 : 8  ( L/D)  pho toperiod . 

The compos i t i on o f  the formulated d ie t  is  shown in Append ix  2 .  Eggs 

obtained f rom generations 3 to approximately 15 were used for produc t i on 

of  larvae to  avoi d  natural paras i t i sm from the f i eld . 

Lucerne , tomato , as ter and swee tcorn plants were raised in a 

greenhouse .  No pes t ic ides were sprayed on these plants . 

In con t rolled laboratory cond i t i ons at  25t2 °C and 16 : 8  ( L/D)  

pho toperi od ,  heal thy newly hat ched larvae were placed s ingly into  clear 

plas t i c con tainers ( 31 2  cm3 ) with ven t i lated lids using a f ine camel hai r  

brush . An excess of  ar t i ficial d ie t , lucerne leaves , tomato  leaves , 

tomato fru i t s ,  as ter leaves , aster flowers , swee tcorn leaves and 

swee tcorn cobs were provided and replaced daily . There were 50 

individual larvae for each food . Moul ting dates of  each larvae were 

determined by checking the exuviae and the shed head capsules dai ly . 

�hen fully grown larvae s topped feeding and became shortened in length 

they were t rans ferred to fresh plas t i c  containers wi th a layer of 

vermicul i te for pupat ion .  After a short period ( 6-8 hrs ) , pupae were 

weighed and sexed by viewing the las t abdominal segment through a 

s tereomi croscope ( see de tails in Ki rkpatrick , 1961a and Mourikis  and 

Vassilaina-Alexopoulou , 1970) . Sex of adul t mo ths was con f i rmed a f ter 
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emergence from pupae . Numbers o f  moul ts , percent mor tal i ty prior  t o  

pupat ion , larval dura t i on ,  percent pupa t ion , prepupal per i od and pupal 

per i od ( excludi ng diapaus ing pupae) were recorded . 

Single pai rs of  male-female newly-emerged moths from each food 

source were released into  clear plas t i c  ovi pos i t ion con tainers ( 5079 

cm3 ) .  The bot tom of  the containers was comple tely covered w i th  a whi te 

f i l ter paper which ac ted as an ovipos i t ion s i te and also absorbed excess 

moi s ture . The top of  t he con tainers was covered wi th whi te mus l i n  cloth  

on  whi ch was placed a moi s t  black f i l ter  pape r .  Thi s  also ac ted a s  an 

ovi pos i t ion s i te .  A vent i lated lid was used . Mo ths were provided wi t h  

10% pollen honey solu t ion through an absorben t co t ton wi ck held i n  a 

small  plas t i c  cup on the bo t tom of the ovi posi t ion con tainer . A wa ter  

satura ted cot ton wick was also placed in  each con tainer  to  main tain  h i gh 

hum id i ty whi ch was crucial for ovipos i t i on .  The ovi pos i t i on con tainers 

were placed in an room at  20±2 °C and 16 : 8  ( LID)  pho toperiod and exposed 

to natural ligh t .  

Eggs were collec ted dai ly by changi ng the muslin  clo t h  and f i l ter 

papers . Eggs were coun ted and then placed in  clear plas t i c  boxes 

( 18x1 1x10 cm) whi ch were l i ned on the bot tom wi th  moi s t  t i s sue paper t o  

provide h igh humidi ty for hatching . Four replicates each o f  one pai r  o f  

mo t hs from each food source were recorded . Pre-ovipos i t ion peri od , 

ovi pos i t ion per i od , numbers of  eggs laid and percent hat chab i l i ty , and 

pos t-ovi posi t i on period , were assessed . 

As h igh mor tal i ty of  larvae occurred when fed solely on tomat o  

leaves , as ter  leaves and sweetcorn leaves ( see Table 5 . 1 ) a n  add i t ional 

experiment was under taken in which t hese larvae were shi f ted when par t 

grown to  more sui table food . Thus f i f ty newly-hat ched larvae were 

provided wi th  tomato leaves , as ter leaves and swee tcorn leaves up  to the 



88 

third moul t ing , t hen shi f ted to tomato frui t s , as ter  f lowers and 

swee t corn cobs respec t ively and re tained on these foods un t i l  pupat i on . 

All p rocedures were o t herwi se the same as in the previous exper i ment . 

RESULTS 

1 Ef fects  o f  d i f feren t foods on larval developmen t .  

Number s  o f  moul t s ,  dura t ion a larval l i fe and percen t age pupa t i on 

for the seven natural foods and ar t i f i ci al diet  are shown i n  Table 5 . 2 .  

On mos t  foods larvae moul ted 4 to 6 t i mes  but t he dura t i on o f  the larval 

peri od var i ed considerably wi th  d i fferent  foods . Larvae fed on lucerne 

leaves had the shortes t larval period ,  17 . 5  days , whi l s t  larvae fed on 

swee t co rn leaves had t he longes t peri od , 26 . 3  days . Those  fed on 

art i ficial d i e t , tomato  leaves , toma t o  frui ts , as ter  leaves , as ter  

f lowers  and swee t corn cobs had 18 . 9 ,  20 . 6 ,  18 . 4 ,  22 . 8 1  1 7 . 9  and 1 7 . 9  

day s  respec t ively . D i fferences be tween larval peri ods  for  lucerne 

leaves , art i fi cial  die t , tomato f rui t s , aster  f lowers and swee tcorn cobs 

were no t s i gn i f i cant .  Ar t i f icial d i e t  and tomato f rui t s  gave the 

highes t percen t pupat ion ( each 96% ) whi le tomato  leaves gave the lowes t 

a t  24% ( Table 5 . 2 ) .  

Resu l t s  for  larvae whi ch were shi f ted f rom one food t o  ano ther  

af t er t he t h i rd moult  are  shown in  Table 5 . 3 . For  all three plant s  

( tomato , as ter  and swee tcorn ) larval developmental periods and 

percentage pupat ion were in termediate  be tween those for larvae fed 

solely on leaves and those on frui t s  ( toma to ) , f lower s ( as ter )  or 

cobs ( sweet corn ) .  



Table 5 . 1  Cumulat ive percent mortal i ty o f  each ins tar o f  � . armigera 

larvae through to pupa t i on when larvae were reared on 

d i f ferent plant par t s  in con t r olled laboratory cond i t ions . 

( n-50) 

Food Cumula t ive percen t mor tal i ty of ins tars 

1 s t  2nd 3rd 4 t h  5 th 6 th Pupat i on* 

Lucerne leaves 10 16 22 26 30 34 44 a 

Tomato leaves 1 2  2 4  36 44 52 68 76 b 

Tomato f ru i t s  4 4 4 4 4 4 4 c 

As ter leaves 8 14 18 24 28 32 46 a 

As ter flowers 8 12 14 14 14 14 16 d 

Swee t corn leaves 14 22 30 36 48 56 62 e 

Sweet corn cobs 8 10 1 2  1 2  1 2  12 12 f 

* To tal percen t mor tali ty f rom newly ha tched larvae to pupa t ion . 

Values in t he las t column , no t followed by t he same 

let ter are signi f i can t ly d i f feren t . ( P-0 . 05 )  

' .  
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Table 5 . 2  Effects  of  d i f feren t foods on larval development  

through to pupat ion .  ( n=50 ) 

Food 

Art i f i cial d i e t  

Lucerne leaves 

Tomato  leaves 

Tomato  fru i t s  

As ter  leaves 

As t e r  flowers 

Sweet corn leaves 

Swee t corn cobs 

No . of moults  

4-6 

4-5 

4-6 

4-6 

4-6 

4-6 

4-5 

4-5 

Larval peri od 

( days±S . E . ) 

18 . 9  ± 0 . 14 

1 7 . 5  ± 0 . 34 

20 . 6  ± 0 . 41 

18 . 4  ± 0 . 33 

22 . 8  ± 0 . 28 

1 7 . 9  ± 0 . 14 

26 . 3  ± 0 . 43 

1 7 . 9  ± 0 . 29 

Values in t he las t column , no t followed by 

the same le t ter  are s igni f i can t ly di f feren t . ( P=0 . 05 )  

Percen t 

pupat ion 

96  a 

56 b 

24 c 

96  a 

54 b 

84 d 

38 e 

88 d 
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Table 5 . 3  Ef fec t s  o f  shi f t ing larvae from poor t o  hi1her qual i ty 

f ood af ter the thi rd moul t on larval developmen t and 

pupa t i on .  ( n�SO)  

Food 

Tomato leaves shif ted 

t o  toma t o  f rui t s  

As ter leaves shi f ted 

t o  aster f lowers 

Swee tcorn leaves shi f ted 

to swee tcorn cobs 

No . of 

moul ts 

4-6 

4-6 

4-6 

Larval durat ion Percen t 

(days±S . E . ) pupa t i on 

19 . 0  ± 0 . 18 64 a 

1 7 . 9  ± 0 . 2 1 7 6  b 

22 . 2  ± 0 . 28 58 c 

Values in t he las t column , no t followed by 

the same le t ter  are signi f ican tly di f feren t .  ( P-0 . 05)  

9 1  



2 E f fec t s  o f  d i f ferent larval foods on pupal weigh t,pupal per i od 

and sex ra t i o  

9 2  

Resul t s  are summari zed in Tables 5 . 4 and 5 . 5 .  Large d i f ferences 

i n  pupal weigh t  occurred when larvae fed on d i f ferent food s . A r t i f i c i al 

d i e t  gave the highes t mean weigh t  o f  416 . 9  mg followed by 3 39 . 5  mg f o r  

t omat o  f r u i t s . Veigh t s  of pupae f o r  o ther foods were 288 . 6 ,  225 , 3 16 . 5 ,  

326 . 2 ,  2 75 . 6  and 332 . 1  mg for lucerne leaves , toma t o  leave s , as t e r  

leaves , as t e r  f lowers , swee tcorn leaves and swe e tcorn cobs respec t i vely . 

The sex ra t i o  was close to 1 : 1  i n  all cases and d i f ferences be tween 

we ights of male and female pupae were no t s i gn i f i can t for any f ood . The 

sho r t e s t  pupal per i od was 12 . 3  days for larvae reared on as t e r  leaves : 

and the longes t 18 . 1  days for ar t i f i c ial d ie t . 

Resu l t s  for pupae aris ing from larvae whi ch were shi f ted f rom one 

food to ano ther during larval development are shown in Table 5 . 5 .  For 

all three plan t s  shi f t ing larvae to  reproduc t i ve plan t par ts  resulted i n  

higher pupal we ights  than larvae fed exclus ively on leaves and in  the 

case of  t oma to  and as ter pupal we igh ts were actually greater  than those 

for larvae fed on toma to frui t s  and as ter flowers respec t i vely 

throughou t thei r l i fe .  
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Tabl e 5 . 4  Effects o f  di fferen t l arval  foods o n  the pupal s tage of � . annigera 

Pup al we i ght  (mg+S . E )  Sex rati o Pupal per i od 

Food ------------ ( Femal e :Mal e )  (days !_ S . E . ) 

Ov eral l mean Fema l e Mal e 

Arti fi ci a l  d i e t  416 . 9+ 5 . 56 4 1 1 . 5+ 7 . 90 420 . 5+ 7 . 66 1 : 0 . 9  18 . 1+ 1 .  28 

Lucerne l eaves 288 . 6+ 8 . 31 287 . 3+1 1 . 3 5 289 . 8+ 1 2 . 41 1 : 1 . 1  17 . 4+ 0 . 47 
-

Tomato l eaves 22 5 . 0+1 7 . 40 219 . 3+17 . 88 230 . 7+31 . 61 1 : 1  14 . 6+ 0 . 82 

Tomato frui ts 339 . 5+ 5 . 60 33 5 . 6+ 9 . 78 342 . 5+ 6 . 48 1 : 1 . 3  14 . 0+ 0 . 26 

As ter l eaves 3 1 6 . 5+ 8 . 90 317 . 0+1 2 . 7 5 3 1 2 . 1+1 2 . 03 1 : 1 . 1  1 2 . 3+ 0 . 4 1 

As ter f l owers 326. 2+ 5 .  07 325 . 7+ 6 . 40 328 . 2+ 8 . 41 1 : 0 . 8  1 3 . 2+ 0 . 29 

Seee tcorn l eaves 275 . 6+14 . 81 281 . 4+ 19 . 70 265 . 6+2 3 . 23 1 : 0 . 8  1 3 . 1+ 0 . 52 

Swee tcorn cob s 332. 1+ 6.45  3 4 5 . 1 +  9 . 4 1  3 1 7 . 9+ 7 . 89 1 : 0 . 9 14 . 1 + 0 . 23 



Tab l e  5 . 5 Effe c ts of s h i fti ng l arvae from poor to h i g he r  q u a l i ty food 

a fter the thi rd mou l t on the pupa l s tage of �. a rmigera . 

Food 

Toma to 1 eaves 

sh i f ted to 

toma to fru i ts 

As te r  l eaves 

s h i f ted to 

as te r  f l owers 

Sweetcorn l eaves 

s h i f ted to 

sweetcorn cobs 

Pupal we i g h t  (mg!s . E . ) 

Ove ra l l mean Fema l e  Ma l e  

S ex ra ti o 

( Fema l e : Ma l e ) 

+ + + 
372 . 2- 8 . 46 382 . 1 - 1 3 . 92 3 56 . 7 - 9 . 6 5  1 : 1  

- . 

Pupal peri od 
+ (days-S . E . ) 

+ 
1 5 . 4 -0 . 42 

+ + + + 
341 . 8- 7 . 29 340 . 8- 8 . 43 343 . 2-1 2 . 8 2  1 . 0 . 8  1 3 . 3-0 . 25 

308 . 4:1 0 . 1 2 3 1 5 . 9:13 . 1 1 
+ 

29 1 . 7- 14 . 74 1 : 0 . 9  + 
16 . 1 -0 . 31 

� � 
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3 E f fec t s  of  d i fferen t larval foods on adult  l i fe span and fecundi ty 

Resul t s  are shown in  Table 5 . 6 .  Female  mo ths ar i s i ng f rom l arvae 

fed on all foods s tarted laying eggs after an average period of 2 . 7  to  

3 . 7  days . There were no sign i f i can t d i f ferences be tween these 

pre-ovi pos i t i on periods except for that from larvae fed on tomato  leaves 

whi ch produced the longest  per iod ( 3 . 7 days ) .  

Ov i pos i t i on periods , pos t-ov i pos i t ion periods , female l i fe s pans , 

male l i fe s pans , numbers of eggs laid and percen t hatchab i l i ty were 

h i ghly affec ted by larval food . Analys is  of  the data by Duncan mul t i ple  

range tes t showed s igni f i cant d i f f erences a t  the  5%  level whi ch enabled 

f oods to  be grouped as follows . 

Ovipos i t i on period ( days ) 

1 .  Ar t i f ic ial die t ( 5 . 5 ) and toma to f rui t s ( 5 . 2 ) 

2 .  As ter  flowers ( 4 . 5 )  and swee tcorn cobs ( 4 . 5 ) 

3 .  Lucerne leaves ( 3 . 5 ) , toma to leaves ( 3 . 5 )  and as ter  leaves ( 2 . 7 )  

4 .  Swee t corn leaves ( 2 . 2 )  

Pos t -ov ipos i t ion peri od ( days ) 

1 .  Ar t i f i cial d ie t ( 6 . 5 ) and toma to frui ts ( 5 . 5 )  

2 .  As ter  flowers ( 4 . 5 )  and swee tcorn cobs ( 4 . 7 )  

3 .  Lucerne leaves ( 4 ) , toma to  leaves ( 2 . 7 ) , aster  leaves ( ! . 2 )  and 

sweet corn leaves ( 3 . 5 ) 

Female l i fe span( days ) 

1 .  Ar t i f i cial d ie t ( 14 . 7 )  and tomato frui ts ( 13 . 7 )  

2 .  As ter  f lowers ( 1 1 . 5 ) and swee tcorn cobs ( 1 1 . 7 ) 

3 ..  Lucerne leaves ( 10 . 2 )  and toma to leaves ( 10 )  

4 .  As ter  leaves and sweet corn leaves ( 8 . 5 )  
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Hale l i fe span( days ) 

1 .  Ar t i f i c ial d i e t ( 13 . 5 ) 

2 .  Tomat o  frui t s ( 1 1 . S ) , as ter flowers ( 1 1 . 2 ) and swee t co rn cobs ( 1 1 )  

3 .  Lucerne leaves ( 9 . 2 ) , toma t o  leaves ( 9 . 2 ) , as ter leaves ( 9 . 7 )  and 

4 .  Swee t corn leaves ( 7 . 7 ) 

Numbers o f  eggs laid (per female ) 

1 .  Ar t i f i c ial d ie t ( 845 . 3 ) and tomato fru i ts ( 733 . 3 ) 

2 .  As ter  flowers ( S12 . 8 )  and Swee t corn cobs ( 605 . 8 )  

3 .  Lucerne leaves ( 332 . 8 ) , toma t o  leaves ( 221 . 8 )  

and as ter leaves ( 336 ) 

4 .  Sweetcorn leaves ( 160. 8 )  

Hat chab i l i ty of  eggs (%) 

1 .  Art i f i c ial d i e t ( 89 . S ) , toma t o  frui t s ( 88 . S ) , as ter flowers ( 86 . 1 )  

and swee tcorn cobs ( 9 1 . 3 )  

2 .  Lucerne leaves ( 79 . 9 ) and as ter  leaves ( 77 . 7 ) 

3 .  Toma t o  leaves ( 72 . 1 ) and swee t corn leaves ( 69 . 5 )  

Res u l t s  o f  shi f t ing larvae f rom poor to  higher qual i ty foods on 

the adu l t  s tage and fecund i ty are shown in Table 5 . 7 .  Ovi pos i t i on 

per i ods , pos t-ov i pos i t ion per iods , female l i fe spans and male l i fe spans 

were longer and numbers of eggs laid were higher than for larvae fed on 

hos t  plan t leaves alone for all these plan t s . 



Table 5 . 6  E f fe c t s  of d i f ferent larval foods on adul t s tage 

and fecundi ty of � . armigera . ( n=6 ) 

Food 

Ar t i f ic ial d i e t  

Lucerne leaves 

Tomato leaves  

Tomato frui t s  

As t e r  leaves 

As t e r  flowers 

Swee t corn leaves 

Swee t corn cobs 

Pre-ovi pos i t ion Ovi pos i t i on Pos t-ovi pos i t i on 

per iod per i od per iod 

(days±S . E . ) ( days± S . E . ) ( days±S . E . ) 

2 .  7 ±0 .  25 5 . 5±0 . 29 6 .  5±1 . 04 

2 . 7 ±0 . 25 3 . 5±0 . 29 4 . 0±0 . 4 1 

3 . 7 ±0 . 25 3 . 5±0 . 29 2 . 7±0 . 48 

2 . 7 ±0 . 25 5 . 2±0 . 25 5 . 5±0 . 65 

3 . 0±0 . 25 2 . 7±0 . 25 3 . 2±0 . 48 

2 .  7±0 . 25 4 . 2±0 . 25 4 . 5±0 . 25 

2 . 7 ±0 . 25 2 . 2±0 . 25 3 . 5±0 . 29 

2 .  7 ±0 .  25 4 . 5±0 . 29 4 .  7±0 . 25  

9 7  

( 



Table 5 . 6  ( cont inued ) 

Female 

l i fe spans 

Male No . of eggs Ha tch-

l i fe spans laid per abi l i ty 

female 

Food ( days±S . E . ) ( days±S . E . ) ( mean±S . E ) ( % )  

Ar t i f i cial  d i e t  14 . 7±1 . 03 13 . 5±0 . 65 845 . 3±21 . 33  89 . 5  

Lucerne leaves 10 . 2±0 . 48 9 . 2±0 . 48 332 . 8±34 . 97 79 . 9  

Tomato  leaves 10 . 0±0 . 58 9 . 2±0 . 48 221 . 8±46 . 7 1  7 2 . 1  

Tomato fru i ts  13 . 7±0 . 63 11 . 5±0 . 96 733 . 3±88 . 06 88 . 5  

As ter leaves 9 . 2±0 . 75 9 .  7±0 . 2 5  336 . 0±39 . 89 7 7 . 7  

As ter flowers 1 1 . 5±0 . 48 1 1 . 2±0 . 48 512 . 8±70 . 91 86 . 1  

Swee t corn leaves 8 . 5±0 . 50 7 . 7±0 . 49 160 . 8±25 . 52 69 . 5  

Swee t corn cobs 1 1 . 7±0 . 25 1 1 .  0±0 . 41  608 . 5±73 . 99 9 1 . 3  

98 



Table 5 . 7  Effects  of  shi f t ing larvae from poor to  higher qual i ty 

food on the adul t s tage and fecund i ty of � . armigera .  

( nz6 ) 

Food 

Toma to leaves shi f ted 

to  tomato  f ru i t s  

As t e r  leaves sh i f ted 

to as ter  flowers  

Pre-ovi pos i t ion Ovi pos i t ion Pos t-ovi pos i t i on 

period per iod per i od 

( days±S . E . ) ( days± S . E . ) ( days±S . E . ) 

3 . 2±0 . 25 4 . 2 ±0 . 25 3 . 7 ±0 . 25 

3 . 5±0 . 29 3 . 7 ±0 . 25 3 . 5±0 . 29 

Swe e tcorn leaves shi f ted 

to sweetcorn cobs 3 . 0±0 . 25 4 . 2 ±0 . 25 

'N\ASSF:f UNIVERSITY. 
liBRARY 

4 . 2 ±0 . 25 
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Table 5 . 7  ( con t inued ) 

Food 

Tomato  leaves shi f ted 

to tomato  fru i t s  

As ter leaves s h i f ted 

to aster flowers  

Female 

l i fe span 

Male 

l i fe span 

( days±S . E . ) ( days±S . E . ) 

1 2 . 2±0 . 75 10 . 5±0 . 29  

1 0 . 7±0 . 48 1 0 . 2±0 . 25 

Swee tcorn leaves shi f ted 

t o  swee t corn cobs 1 2 . 0±0 . 25 9 . 7±0 . 25 

No . o f eggs 

laid per 

female 

(meantS . E . ) 

299 . 5t51 . 3 1  

399 . 0± 1 7 . 18 

314 . 5± 14 . 05 

100 

Hat ch

abi l i ty 

( % )  

7 5 . 1 

78 . 8  

7 7 . 1  
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DICUSSION 

The i nd iv idual parame ters of  larval food quali ty evaluat ed i n  t h i s  

s tudy ( larval period , percen tage pupat i on ,  pupal weigh t , e t c . ) are 

d i scussed f i rs t ,  then how well  they correlate one w i t h  ano ther and 

f i nally how t hey may be combi ned i n t o  an overall index o f  food qual i ty .  

! . Larval per i od .  

Larvae fed on lucerne leaves had the shor test  developmen t per i od 

( mean o f  17 . 5  days ) whi le those fed on swee t corn leaves had the longe s t  

( mean o f  2 6 . 3  days ) .  However ,  d i f ferences i n  developmen t period o f  

larvae reared o n  lucerne leaves , ar t i f i c ial d ie t , toma t o  f rui t s , as t er 

f lowers and sweetcorn cobs were no t s ign i f i can t and all t hese larval 

f oods were s a t i s fac tory in  terms of dura t i on of larval developmen t .  

W i thin plant species , larval developmen t per iods on reproduc t i ve par t s  

such a s  frui t s ( toma to ) , flowers ( as te r )  and cobs ( swee t corn ) were shor ter  

t han those on plan t leaves . 

The resul t for lucerne i s  s i mi lar to that repor ted by B i lapa t e  e t  

al . ( 1977 ) who found that  the max imum larval period of  � . armigera reared 

on  lucerne leaves in India  at a cons tan t  tempera ture of  26±1 °C was 18 

days . However , under s imilar cond i t i ons and on the same food in  Sou th  

A f r i ca ,  Pre t o r i us ( 1976)  found that the larval per iod was 25 . 1  days . 

Abul Nasr e t  a l . ( 1976 ) reared � . armigera on d i f feren t d i e t s  a t  16-2 2 ° C  

and 50-60%R . H .  and reported tha t  larval per iods obtained from corn 

ears , art i f i c ial di e t ( based on ki dney bean ) and tomato  fru i t s were 12 . 3 ,  

1 3  and . .  l6 . 4  days respec t ively . Doss ( 1979 ) showed that � . armigera reared 

on corn ears and tomato  frui t s  at  27±1 °C and 60 . 5%R . H .  had larval 

periods of 19  and 23 days and Pre tor ius ( 1 976 )  also repo r t ed that larval 
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per i ods of � . armigera reared on mai z e  cobs and tomat o  leaves were 1 7 . 4  

and 23 . 3  days respec t ively . Al though i t  i s  clear from the resu l t s  

reported here and from other publ i shed informat ion t ha t  dura t i on o f  

larval per i od varies wi th d i e t  Habi b  and Pa tel ( 1977 ) worki ng w i t h  H . zea 

d i d  no t cons ider  that durat i on o f  t he larval s t age was an adequat e  

i nd i cator  o f  hos t-plan t sui tabi l i ty ,  presumably because i t  d i d  no t 

correlate wel l  w i th o ther parame ters . 

2 . Percen t pupa t i on .  

Mor ta l i ty of  larvae was high o n  some foods in the presen t s tudy 

thus resul t i ng in low percent pupa t i on e . g . toma to  leaves gave only 

24% . In con t ras t ,  t omato  fru i t s  and ar t i f i c ial diet  gave 96% pupa t ion .  

F i rempong ( 1 986 ) , Pre tor ius ( 1976 ) and S i ngh e t  al . ( 1982 )  all  found that  

percen t pupa t i on of  � . armigera was rela t i vely high when larvae were 

reared on "h igh qual i ty"  food especially ar t i f i cial d i e t . 

3 . Pupal per i od . 

Larval food had a maj or inf luence on pupal per i od o f  � . armigera in  

t he presen t s tudy ( see Table 5 . 4 ) bu t pupal period was  no t closely 

correlated wi t h  o ther b iologi cal parame ters ( see Table  5 . 8  and later  

d i s cussi on ) . Mean pupal period var i ed from 12 . 3  days ob ta ined from 

larvae fed on as ter  leaves to  18 . 1  days on art i f i c ial  d i e t . From a 

popula t i on i ncrease poi n t  of  v i ew ,  i nsec ts  w i th the shor tes t pupal 

per i od should be the mos t successful  o t her fac tors being equal . 

The resul ts  show some anomal ies i n  pupal periods wi th respec t to 

larval - developmen t on the same food . For example as ter  leaves and 

swee t corn leaves gave shorter pupal per iods than as ter  flowers and 

swee tcorn cobs , whereas larval per i ods on these foods were the reverse . 
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There was thus l i t tle  correlat ion be tween larval per iod and pupaf per i od 

for  i nd i v i dual foods . This  resu l t  i s  suppor t ed by the f ind i ngs of Abul 

Nas r et al . ( 1976 ) , Dos s ( 1979 ) ,  F i rempong ( 1986 ) , Pre t o r i us ( 1976 )  and 

Reed ( 1965 ) .  For example , Doss ( 1979 ) reported that  larval per iods o f  

� . armigera larvae fed on corn ears and toma to  frui t s  were 19  and 2 3 . 9  

days bu t pupal per i ods were 12 . 3  and 1 1 . 6  days respec t i vely . 

Pretorius ( 19 7 6 )  also showed tha t  � . armigera reared on mai ze cobs , t oma t o  

leaves and lucerne leaves had mean larval per i ods of 17 . 4 ,  2 3 . 3  and 25 . 1  

days whi le pupal per i ods were 1 1 . 9 ,  10 . 7  and 14 . 4  days respe c t i vely . 

4 . Pupal we igh t . 

Pupal wei ght was also highly influenced by larval food . 

Ar t i f icial  d i e t  gave the highes t pupal weigh t ( mean o f  4 16 . 9  mg ) and 

t omato  leaves gave the lowes t of  225  mg . Wi thin plan t s pec ies all 

reproduct i ve par ts  i . e .  tomato  frui t s , as ter  flowers and swee t corn cobs 

produced heavier  pupae than leaves of  these plan ts  though the d i f ference 

for  as ter  was no t s ta t i s t i cally s ign i f i can t .  Fi rempong ( 1986 ) reared 

� . a rmigera larvae on 9 d i fferen t foods and also repor ted that ar t i f i c ial  

d i e t  gave the  heavies t pupae ( 428 . 6  mg ) followed by  mai ze cobs ( 336 . 5  mg ) .  

Lucerne leaves gave the l igh tes t ( 180 . 3  mg) , cons i derably less than the 

present f igure of  288 . 6  mg . Pre tor ius ( 1 976 )  found that � . armige ra 

larvae reared on d iet , mai ze cobs , lucerne leaves and toma t o  leaves had 

mean pupal weights  of 380 , 260 , 220 and 200 mg respec t ively . Doss ( 1979 ) 

repor ted t ha t  larvae of  � . armi�era reared on corn ears and t oma t o  fru i t s  

had pupal weigh t s  o f  336 . 9  and 322 . 2  mg respec t i vely , close t o  the 

preseni values . 
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S . Adul t  fecund i ty, l i fe span, ovipos i t i on per iod and egg hat chabi l i ty.  

Adul t longevi ty and fecund i ty of  � . armigera were also highly 

i n fluenced by larval food . Female l i fe spans , male  l i fe s pans , 

ov ipos i t ion peri ods , numbers of eggs laid and percen t ha t chab i l i ty of  

eggs obt a i ned f rom larvae fed on reproduc t ive par ts  o f  plan t s  ( toma t o  

f rui t s ,  as ter  flowers  and swee t corn cobs )  were all great e r  than on 

l eaves of  these plan t s  or on lucerne leaves . 

Larvae fed on a r t i f i cial d i e t  gave the longes t female and male 

l i fe spans , the longes t ovi pos i t i on period , the highes t number of eggs 

laid  and the second highes t percent  hat chab i l i ty of eggs . On the o ther 

hand , swee t corn leaves produced the lowes t values for t hese b i ologi cal 

parameters . Abul Nas r  e t  al . ( 1976 )  repor ted that �. armigera larvae fed 

on tomat o  frui t s  and corn ears had the same male and female l i fe span 

bu t ovipos i t ion period obtained from larvae fed on corn ears ( 5 . 9  days ) 

was longer than from toma to  frui t s ( 3 . 1 days ) and numbers o f  eggs laid 

were 507 . 6  and 263 . 4  respec t i vely . The presen t work showed t hat  the 

number of eggs laid was pos i t ively correla ted with  ovi pos i t i on per iod 

and female l i fe span ( P <  0 . 05 )  wh ich was s imilar to the resul t s  o f  Abul 

Nas r  et al . ( 19 7 6 )  and Doss ( 1979 ) . In con t ras t , Pre tor ius ( 19 7 6 )  repor ted 

that there was no correla t ion be tween adult  li fespan , ovipos i t i on 

per i od ,  number o f  eggs laid and percen t ha t chab i l i ty of eggs when larvae 

of � . armigera were reared on d i f ferent d i e t s . 

When larvae were reared on leaves o f  t oma t o ,  as ter and swee t corn 

up to  the thi rd instar and then shi f ted to tomato  frui ts , a s t e r  flowers 

and swee t corn cobs respect ively larval per i ods , percen t pupa t ion ,  pupal 

we i gh t s ; .adul t  longev i ty ,  ov ipos i t i on periods , numbers of eggs laid and 

per cent hat chab i l i ty of eggs were all in termed iate  be tween those for  

larvae fed solely on leaves and those solely on reproduc t i ve par t s  of  
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these plan t s . I t  may be concluded that leaves of  these plan t s  were the 

poorer foods for  larvae of � . armigera compared to  the i r  frui t s ,  flowers 

o r  cobs . 

These  e f fec ts  of  d i fferent larval d i e t s  on growth  and d evelopment  

of  � . armigera are s imi lar to  those known to  occur wi th  o t he r  Hel i o t h i s  

speci es . F o r  example , larvae of H . zea fed o n  flowers  and bolls of  

c o t ton developed fas ter  and grew larger than those fed  on leaves and 

terminals ( Farrar  and Bradley , 1985 ) .  Lukefahr and Mar t in ( 1 964 ) also 

showed that  larval foods inf luenced pupal weigh t , longevi ty and 

fecund i ty o f  H . zea and H . vi rescens . 

6 . Ranking and correla t i on be tween parame ters of larval food qua l i ty .  

The resu l t s  from Tables 5 . 2 ,  5 . 4  and 5 . 6  may b e  summari zed by 

ranking the foods for each bi olog i cal parame ter  as in Table 5 . 8 .  I t  

w i l l  be no ted that the rank values o f  the d i f ferent  b iologi cal 

parame ters are wi th few except i ons w i thin  three rank poi n t s  of each 

other  for all foods . The main  except ions are lucerne leaves and 

ar t i f i c ial d i e t  for larval per i od ; and ar t i f i cial d i e t , as ter  leaves 

and sweet corn leaves for pupal per i od . 

The cons i s tency of  rank values , and thus good correla t i on be tween 

the d i f feren t parame t ers  for individual foods , indicates  that  almos t any 

of the b iologi cal  parame ters measured , wi th the excep t ion of pupal 

per i od , could be used as an i ndicator  of food qual i ty .  Ar t i f i c ial  d i e t  

ranked 1 o r  2 for all parame ters wi th the except ion of  larval period and 

pupal per iod whi ch gave anomalous rankings . 

In the f i nal  two columns of Table 5 . 8  overall ranking of  food has 

been derived by summing the ind iv idual rank values for  each b iologi cal 
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parameter  ( co lumn 10 ) and arranging these in f i nal rank order in column 

1 1 . On t h i s  bas i s  the foods may be ranked for qual i ty as : 

ar t i f i cial  d i e t ) t omat o  fru i t s  ) swee t corn cobs ) as t e r  f lowers > 

lucerne leaves ) as ter leaves ) tomato leaves ) swee t corn leaves 

Such t reatmen t of the data enables one to  rank food for overall 

"quali ty" but g ives no i ndica t i on of  rela t i ve quant i ta t i ve d i f ferences . 

In terms of  poten t ial for popula t i on increase over several 

genera t i ons the impo r tan t  paramet ers of  food qual i ty are dura t i on o f  

larval developmen t ,  percen tage pupa t i on and fecund i ty of  adul t s  a s  c i t ed 

by F i rempong ( 1986 ) ( a t t r i buted to  B i rch , 1948 ) i n  propos ing a " f i tness 

index" : -

f i tness i ndex ( ri )  lx mx 
T----

where lx percen t pupa t ion 

mx = pupal weigh t ( gm )  

( as a measure of  fecund i ty )  

T dura t i on of larval developmen t ( days ) 

F i tness ind i ces calculated on t h i s  bas i s  from the presen t data  are 

shown in  the second column of table 5 . 9 .  

B i rch ' s  f i t ness i ndex i s  clearly des igned t o  express the 

capab i l i ty of an i nsect  popula t i on t o  increase ( over one or  more 

complete generat i ons ) and could be improved by adding values for pupal 

per i od and hat chabil i ty of  eggs and by subs t i tut ing ac tual eggs laid for 

pupal weigh t . 
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The new express ion would then be : 

lx ex hx 
1000-Tl-Tp 

where lx • percen t pupa t i on 

ex = number of  eggs lai d ( per female ) 

hx percent ha t ch of eggs 

Tl • dura t ion o f  larval developmen t ( days ) 

Tp  = durat ion o f  pupal development ( days ) 

1000 has been added to  the lower par t o f  the 

express i on t o  reduced the numer ical value of  t he der ived 

i ndex to a reasonable f i gure ( the expression has no 

meaning in absolu te terms ) 

Two o ther b i ologi cal parame ters  that could af fec t rate  of  

populat i on growth are adul t sex ra t i o  and dura t i on of the  egg s tage and 

· values for t hese fac tors should perhaps be included in the revi sed 

biological f i tness index . However , as the sex ratio  in  the present  

s t udy was cons is t ently close to  1 : 1  i t  was cons idered unnecessary to  

include i t · in  the expression .  Durat i on o f  the egg s t age was no t 

s pec i f i cally d e termined bu t observa t ions ind i cated that i t  d i d  no t 

d i f fer markedly accordi ng to  larval d i e t . 

The values o f  the new express i on f o r  the d i f feren t food in  the 

presen t s tudy have been calculated and are presen ted in t he r i gh t  hand 

s ide of Table  5 . 9 .  
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Tab l e  5 . 8  Ranki ng of di fferent foods accord i ng to b i o l og i ca l  parameter s .  

( 1  represents the best and 8 represents the poorest  performa nce ) 

Abbrev i a ti ons : LP  = l arva l  peri od , %P = percent pupati on , 

PW = pupal we i g h t ,  P P  = pupal  period , OP = ov i pos i ti on peri od , 

FL  = fema l e  l i fe span , ML = mal e  l i fe span , EL = number of egg s 

l a i d  per fema l e , HT = percent ha tchab i l i ty of egg s .  

Food LP %P PW PP OP FL  ML EL HT Sum of Overa l l 

rank i ng ranki ng 

Arti fi c i a l di et 5 1 1 8 1 1 1 1 2 2 1  1 

Lucerne l eaves 1 5 6 7 5 5 6 6 5 46 5 

Toma to l eaves 6 8 8 6 5 6 6 7 7 59 7 

Toma to fru i ts 4 1 2 4 2 2 2 2 3 22  2 

As ter l eaves 7 6 5 1 7 7 5 5 6 49 6 

As ter fl owers 2 4 4 3 4 4 3 4 4 32 4 

Swee tcorn l eaves 8 7 7 2 8 8 8 8 8 64 8 

Sweetcorn cobs 2 3 3 5 3 3 4 3 1 25 3 



Tab l e 5 . 9 F i tness i ndi ces for di fferent l arva l foods .  

F i tness  Rank Va l ue 11 lmproved11 

Food i ndex re l a ti ve f i tness  

to arti  f .  i ndex 

di et=l . OO 

Arti fi c i al d i et  2 . 1 2  ( 1 )  1 . 00 21 . 23 

Lucerne l eaves 1 .  09 ( 5 )  0 . 51 5 . 76 

Tomato l eaves 0 . 26 ( 8 )  0 . 1 2 . 1 . 28 

Toma to fru i ts 1 .  78 ( 2 )  0 . 84 24 . 1 8 

Aster l eaves 0 . 7 5 ( 6 )  0 . 35 5 . 07 

As ter f lowers 1 .  53 ( 4 )  0 .  7 2  1 5 . 69 

Sweet corn l eaves 0 . 40 ( 7 )  0 . 19 1 .  23  

Sweetcorn cobs 1 . 63 ( 3 )  0 .  77 19 . 37 
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Rank Va l ue 

rel at i ve 

to art  i f .  

d i et= 1 .  00 

( 2 ) 1 .  00 

( 5 )  0 . 27 

( 7 )  0 . 06 

( 1 )  1 . 14 

( 6 }  0 . 24 

( 4 )  0 . 74 

( 8 )  0 . 06 

( 3 )  0 . 9 1 
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On the bas is  o f  the f i rs t  described f i tness i ndex there i s  a 

s l i gh t  change in  the ranki ng order of close pai rs ( 7-8 ) compared t o  the 

ranking p resen ted in  Table 5 . 8 .  There are also minor d i f ferences i n  

ranking order based o n  the new express i on when larval and pupal periods , 

ac t ual number of  eggs laid and percen t ha t ch o f  eggs are added 

( Table5 . 9 ) . Whi chever  f i tness index i s  used therefore makes very l i t t l e  

d i f ference to  the ranki ng order of  the foods evalua t ed . I t  may be noted  

that  in  bo th schemes reproduct ive par ts  of  the plan t s  ( flowers , f ru i t s  

and swee t corn cobs ) rank high whereas leaves o f  all plan t s  rank l ow .  

Thes e  d i f ferences are emphas i sed when the f i tness ind ices are exam i ned 

rela t ive to ar t i f icial  d i e t  ( columns 4 and 7 of Table 5 . 9 ) .  The 

" improved " f i tness index fur t her exaggerates these d i f ferences be tween 

reproduc t ive and vege t a t i ve plan t par t s .  Thus toma to  leaves d rop f rom 

0 . 12 ( rela t ive to  1 . 00 for ar t i f i cial d ie t )  according to  B i rch ' s i ndex 

t o  0 . 06 on the " improved " index whereas tomato  fru i t s  r i s e  from 0 . 84 to 

1 . 14 .  S i m i larly , swee t corn leaves drop from 0 . 19 on the old i ndex to 

0 . 06 whi le swee t corn cobs r i se from 0 . 77 to  0 . 91 .  There are s imi lar 

less marked changes for as ter leaves and flowers , and lucerne foliage 

d rops from 0 . 51 to  0 . 2 7 .  

The normal habi t o f  � . armigera larvae ( and o ther Hel i o t h i s  spp . ) 

i n  the f i eld i s  to feed on flowers , f rui ts  and seeds of  plan t s  as soon 

as these are avai lable ra ther than fol iage . 

be c learly i n terpre ted as a tendency to 

nu t ri t ionally valuable par t s  of  the plan t s . 

From these resu l t s  th i s  can 

feed on the much more  

Of  the na tural foods used  

i n  thi s experimen t ,  on  the  bas is  of the '' improved " f i t ness index , only 

t omat o  ·frui t s  exceed a r t i f i c i al d i e t  in  value , and swee tcorn cobs are 

c lose behind . For all four plan ts  fol iage ra ted very poorly . 

I t  may be concluded that al though several bi ologi cal parame ters  

could be used as  ind i cators  of hos t-plan t quali ty , the  combina t i on o f  
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several parame ters i n t o  a broad based index i s  more mean i ngful . Fur ther 

i nves t iga t i ons in to  the reasons for  t hese d i f ferences in food quali ty 

are needed and th is  i s  the subj ect  of  the next chapter . 
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CONCLUSIONS 

There are s i gn i f i can t d i f ferences be tween the qual i ty  of  larval 

foods for � . armigera as measured by  d i f ferent b iological  parame ters  such 

as durat ion of  larval period , percen t pupa t i on ,  pupal weigh t , fecund i ty 

and adul t l i f e  span . Reproduc t ive par t s  of  plant s  ( flowers , f r u i t s , 

s eeds ) have higher qual i t y  than leaves . 

Ranking of  food qual i ty varies somewhat  wi th the b iologi cal  

parame ter  used . Vhen a wide range of  bi ologi cal parame ters are combi ned 

i n t o  an overall " f i t ness index" the larval foods evaluat ed could be 

ranked in  the following order of decreas ing value : 

1 .  Ar t i f i cial  d i e t  

2 .  Tomato  fru i ts 

3 .  Swee t corn cobs 

4 .  As ter  flowers 

5 .  Lucerne leaves 

6 .  As ter  leaves 

7 .  Tomat o  leaves 

8 .  Swee t corn leaves . 
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In chap ter 5 i t  was shown that the e igh t larval foods evaluated 

( includ i ng ar t i f i c i al d i e t )  d i f fered cons iderably i n  qual i ty as de f i ned 

by a b iologi cal f i tness index . In th is  chap ter work i s  descri bed whi ch 

a t t empt ed to  eluc idate  reasons for t hese d i f ferences . 

Grow t h , developmen t and reproduc t i on of insec t s  

dependent on the quant i ty and qual i ty o f  food inges t ed . 

are highly 

Fur thermore , 

i nges t ion o f  food depends upon i t s being found and accep ted . Bes i des 

being avai lable , .accep table , diges t i ble , as s i mi lable and able to  provi de 

all nu t r ients requi red for energy produc t i on and biomass inc rease , food 

mus t also provide chemicals o ther than nu t r i ents  t ha t  influence the 

necessary behav i our of insec t s , whe ther d i rec t ly i nvolved in  

alimen t a t i on or as  ef fectors of  

( Hagen et  al . , 1984 ; Scr iber 

func t i ons d i s t i nct 

and Slansky , 1981 ) .  

f rom alimen tat ion 

Food qual i ty i s  an 

ex t remely complex and elus ive thing t o  measure , compounded by how much 

nu t r i en t  the insect  can ob tain  per uni t  we igh t  of food inges ted , t he 

acces s i b i l i ty of the nu t r ien t s  and the concentra t i ons o f  chemi cal 

a t t rac tan t s , phagos t imulants , repellents and toxins ( Crawley , 1983 ) .  I t  

i s  d i f f i cul t , therefore , to  pres cr ibe a general index o f  food qual i t y .  

I f  a n�i r i en t i s  def i ned as a compound requi red for normal grow t h , 

main tenance and reproduc t ion , then tha t wh i ch is  a nu t r ient for one 

phy tophagous species may not be a nu t r ient for  ano ther spec i es . 
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Fac t ors whi ch de termine larval food quali ty for  developmen t o f  

� . armigera have no t prev i ously been i nves t igated . However , s tud i es on 

o ther herbi vores have been conducted for t he pas t several decades and i t  

i s  now recogni zed t ha t  the broad quali ta t i ve nu t rien t requi remen t s  o f  

insec t s  are bas i cally simi lar a s  those o f  animals i n  general . One o f  

the mos t i mpor t an t  nu t r i en ts  i s  ni t rogen . 

in  all me tabol i c  processes and in  

Ni t rogen plays a cen t ral  role 

gene t i c  cod ing ( ! to and 

Mukaiyama , 1964 ; Mat tson , 1980 ) . Curren t hypo theses sugges t t ha t  i nsec t s  

feed i ng on pro te in-r ich plan t s  w i l l  be more success ful than i nsec t s  tha t 

consume plan t ma ter ial of  lower protein value (Al-Zubai d i  and Cap i nera , 

1984 ; Baker , 1975 ; Ma t tson , 1980 ) . The m in imum n i t rogen con t en t o f  food 

that w ill  keep body n i t rogen level s t able is known for  a few i nsec t  

spec i es . For  example , bu t t er f ly larvae and grasshopper nymphs need a t  

leas t 3 %  n i t rogen i n  dry ma t ter o f  food (Mat tson , 1980 ) bu t the 

spec i al i s t  Eucalyptus leaf bee t le ,  Parops i s  sp . can survive w i t h  only 

1% ( Fox and Macauley , 197 7 ) .  However ,  some s tud ies have , to the 

con t rary , repor ted t ha t  eleva t i on of plan t foliage n i t rogen does no t 

resul t i n  i ncreased per formance of insec t populat i ons (Broadway and 

Duf fey , 1986 ; Fae th  e t  al . , 198 1 ;  Schroeder , 1976 ; S t i l i ng e t  al . , 1982 ) .  

Al though ni t rogen con ten t  seems l i kely t o  be a primary grow t h  

limi t i ng fac tor  f o r  many phy t ophagous insec t s , water con ten t o f  food may 

be even more fundamental ( Sc r i ber , 1977 , 1978 ) . Usually , insec t s  i nges t 

water  w i t h  t he i r  food and the con tent  can vary f rom 1 to  more t han 90% . 

Many phy tophagous insec ts  requ i re a high mo i s ture i n t ake ( Waldbauer ,  

1968 ) . Scriber and Slansky ( 1 98 1 )  calculated nu t r i t ional values for  

las t i ns tar foliage-chewing larvae to  be  s igni f ica t ly grea ter  on leaves 

of 75-95% wa ter  con ten t than on leaves of lower water con ten t . Scr i ber  

and Feeny ( 1979 )  also showed tha t  larvae o f  20 species of  Lep i do p t era 
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grew fas ter  and more e f f i c i en t ly on herbaceous plan t s  whose wa t e r  

con t e n t s  ranged from 70 t o  9 1 %  than o n  t h e  foliage o f  shrubs and t rees 

w i th  wa ter con t en t s  of 5 1  to  74% .  However , i t  should b e  remembered tha t  

h igh wa ter con t en t  o f  food means correspondingly low dry mat ter  con ten t 

and t o  compensat e ,  higher rates o f  i nges t i on are requi red . I t  i s  

pos s i ble tha t  this  could be a l imi t i ng fac tor  for some insec t s pec i es 

and for  any par t i cular i nsec t there i s  l ikely t o  be an o p t i mum wa t e r  

con t e n t  o f  food whi ch may d i ffer  from species t o  spec ies . The h ighes t 

qual i ty food i s  o f  no use unless i t  i s  i nges ted and thus any s tudy o f  

comparat ive food qual i ty for an insec t species mus t include assessmen t 

o f  food consumed . 

The obj ec t ive of  th is  s tudy was t o  inves t iga t e  quali ty o f  t he 8 

larval foods i n  terms of  rela t i ve rates  o f  inges t i on , dry ma t t er  con tent  

and n i t rogen con t en t . 

MATERIALS AND METHODS 

� . armigera larvae and food ma ter ials were rai sed in  the same 

manner as in the work repor t ed in Chapter  5 .  

l . Amoun t of food eaten and larval we igh t gain  

Por t i ons o f  all foods ( fresh ar t i f i c ial di e t , lucerne leaves , 

t oma t o  leaves , t omato  frui t s , as ter  leaves , as ter  flowers , swee t corn 

leaves and swe e t corn cobs ) were vre ighed and then each d iv ided i n t o  two 

halves . The f i rs t  half o f  each food was dr ied in  an oven a t  100 °C  for 

24 h and then reweighed t o  det ermine the dry mat ter con t en t . The second 

hal f  was placed in to  a clear plas t i c  con tainer ( 312  cm ' ) wi th  a 

ven t i la t ed l id  and lined on the bot tom wi th a moi s t  f i l ter  paper t o  keep 
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the  food mat e rial  f resh . One healthy newly hatched larva was placed i n  

each con tainer . Each larva was then t rans ferred dai ly t o  ano ther 

container  wi th fresh known-weigh t food ma ter ial un t i l  pupat i on . Each 

day unconsumed food was dr ied in an oven at 100°C for 24 h .  The dry 

we igh t of unconsumed food was summed through to pupat i on and t hen 

conver ted to  unconsumed fresh weight . The to tal amount of food e a t en ,  

expressed as f resh weigh t , was calcula ted from i n i t i al f resh wei gh t  

mi nus fresh weigh t  of unconsumed food . When each mature larva s t op ped 

feed ing i t  was weighed to  det ermine we igh t gained . F inal weigh t  of 

larvae was assumed to be the to tal we igh t gai ned because the weigh t  o f  

newly hat ched larvae was negligi ble ( less than O . Smg )  and could  be 

ignored . There were 30 repl ica t i ons of i nd i v i dual larvae for each food . 

2 . Dry mat ter con ten t of  food 

From the fresh we ights  and oven dry weigh ts of each food , percen t 

dry mat ter con tent  was calcula ted as follows : 

Percent dry mat ter  con t ent  

3 . To tal  n i t rogen con tent  of  food 

Dry weight 
Fresn-weign t x 100 

Af ter  weigh i ng to determine dry mat ter  con tent the d r i ed hal f o f  

each food material  was ground and then d r i ed again a t  100 °C  for 2 4  hr . 

To tal  n i t rogen was measured from 20-rep l i cate  samples by the  

micro-Kj eldahl technique of McKenz i e  and Wallace ( 1954 ) and Bremner and 

Mulvaney( 1982 ) .  
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4 . Parame t ers  o f  food u t i l i za t ion 

From the data  the following parame ters of  larval growth  and 

feed i ng e f f i c i ency were calcula ted ( Evans , 1 939 ; Yaldbauer , 1968 ) . 

Consumpt i on i ndex ( C . I )  

C .  I .  y 
= TA 

where Y fresh ( o r  dry )  we ight  o f  food eaten 

T dura t i on of  feed ing period ( days ) 

A mean fresh we igh t  o f  larva dur i ng feed ing per i od 

The rela t ive grow th rate ( R . G . R . ) 

R . G . R .  

where G 

T 

A 

G 
TA 
fresh we igh t  gai ned by larva dur i ng feed ing per i od 

dura t ion o f  feed ing per iod (days ) 

mean fresh we ight  of  larva dur i ng feed i ng per i od 

The e f f i c iency o f  convers i on o f  inges ted food ( E . C . I . )  

E .  C .  I .  wei ght  gained = weigfit-oi-Iooa-Ingesiea X 100 
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RESULTS  

1 . Amoun t o f  food ea ten and larval weigh t gai n  

Resul t s  o f  amount  of  food eaten and larval weight gained are 

summa r i zed in  Table 6 . 1 .  The highes t amoun t o f  fresh food ea t en by far  

was t oma t o  frui t s  ( 29660 . 8  mg ) followed by  art i f i cial  d i e t , a s t e r  

leaves , sweet corn cobs , tomato  leaves , swee t corn leaves , as t e r  f lowers  

( all  5700-7000 mg ) and lucerne leaves the leas t ( 2783 . 5  mg ) .  

Sign i f i can t d i f ferences between amoun ts  o f  food eat en are given i n  Table 

6 . 1 .  Toma to f ru i ts  also gave the highes t d ry weigh t  consump t i on ( 1 957 . 6  

mg ) and lucerne leaves the leas t ( 527 . 8  mg ) . To tal larval we igh t  gained 

( i . e  f i nal weight of larvae ) d i f fered cons i derably on the d i f ferent  

foods . Ar t i f i cial  d i e t , toma to frui ts , as ter  leaves , as ter  f lowers  and 

swee t corn cobs produced heavy larvae wi th s i mi lar weigh t s  rangi ng f rom 

510 . 6  to 5 30 . 3 mg . These were followed by tomato leaves and swee tcorn 

leaves ( 393 . 6  and 395 . 1  mg ) .  The lowes t weight  gai n  was for larvae fed 

on lucerne leaves ( 352 . 2  mg ) .  



Table 6 . 1  Amoun t o f  food eaten and to tal  weigh t gained by 

� . armigera larvae when fed on 8 d i f feren t foods . 

Food 

Ar t i fi cial d i e t  

Lucerne leaves 

Tomato  leaves 

Tomato  frui t s  

As ter  leaves 

As ter  flowers 

Sweet  corn leaves 

Swee t corn cobs 

Amount  of food eaten ( mg / larva±S . E . ) 

Fresh we ight Dry weight 

7033 . 9± 290 . 8  b 1195 . 8± 49 . 5  b 

2783 . 5± 134 . 1  e 527 . 8± 25 . 4  e 

5788 . 9± 300 . 6  d 875 . 3± 48 . 5  c 

29660 . 8±1622 . 1  a 1957 . 6±107 . 1  a 

6530 . 2± 198 . 9  be 1 187 . 8± 36 . 2  b 

5690 . 9± 133 . 3  d 1 1 7 3 . 5± 27 . 5  b 

5728 . 6± 1 37 . 9  d 829 . 5± 19 . 9  d 

6311 . 6± 59 . 9  cd 1 2 32 . 7± 11 . 7  b 

Total larval 

weigh t  gained 

( mg±S . E . ) 

530 . 3±10 . 5  a 

352 . 2± 8 . 6  c 

393 . 6± 9 . 8  b 

5 1 7 . 1 ± 10 . 4  a 

5 10 . 6±1 2 . 9  a 

533 . 0±10 . 9  a 

395 . 1± 8 . 2  b 

530 . 0± 6 . 9  a 

Means i n  columns of  the table , no t followed by the same le t ter , 

a re s ign i f i can t ly d i f feren t a t  t he 5% level ( P=0 . 05 ) . 

1 1 9  
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2 . Dry ma t ter con tent o f  food 

There were s igni f i can t d i f ferences in percen t d ry mat ter  con tent  

o f  foods (Table 6 . 2 ) . As ter  f lowers had the highes t dry mat ter  con ten t  

( 20 . 62% )  followed by swee tcorn cobs , lucerne leaves , as ter  leaves , 

ar t i f i c i al d ie t , tomato  leaves and swee t corn leaves . Toma to  f ru i t s  had 

the lowes t at 6 . 60% . Thus t oma t o  fru i t s  had the highe s t  wa t e r  con ten t  

( 93 . 40% ) and as ter  flowers the lowes t ( 79 . 38%) . De t a i l s  o f  dry ma t t er 

con t en t s  ( and wa ter  con ten t s )  o f  each food are given i n  Table 6 . 2 .  

3 . Ni t rogen con tent of food 

Ni t rogen con tents  of d r i ed foods are shown in the f i nal column of  

Table  6 . 2 .  The foods fall  i n t o  5 s igni f i can t ly d i f ferent groups 

( P=0 . 05 ) . Ar t i f i c ial d ie t  had the highes t n i t rogen content  ( 4 . 59% )  

followed by t omato  leaves ( 4 . 5 1% )  and lucerne leaves ( 4 . 18%) . As ter  

leaves and swee t corn leaves had lower and closely s im i lar con ten ts 

( 3 . 18% and 3 . 1 1% ) . The group wi th the lowes t  n i t rogen con tent  were 

toma t o  f ru i ts ( 1 . 87%) , as ter f lowers ( 1 . 86% ) and swee t corn cobs ( 1 . 89%) . 

Perhaps unexpec t ed ly all plan t s  had higher n i t rogen con t en t  i n  t he i r  

leaves t han in  the i r  reprodu c t ive par ts ( frui ts , f lowers  and cobs ) . 



Tab l e  6 . 2  Dry mat ter  con tent , wa te r  con tent  and n i t rogen 

con tent  of each food . 

Food 

Ar t i f i c i al diet  

Lucerne leaves 

Tomat o  l eaves 

Toma t o  f ru i ts  

As t e r  leaves 

As t e r  f l owers 

Swee t corn l eaves 

Swee t corn cobs 

%Dry mat ter  

con t ent  

( mean±S . E . ) 

1 7 . 00±0 . 03 

18 . 96±0 . 20 

1 5 . 12±0 . 1 3 

6 . 60±0 . 08 

18 . 19±0 . 35 

20 . 62±0 . 2 1 

1 4 . 48±0 . 2 1 

19 . 53±0 . 19 

%"Water  

conten t  

83 . 00 

81 . 04 

84 . 88 

93 . 40 

8 1 . 8 1 

79 . 38 

85 . 52 

80 . 47 

%Ni t rogen 

conten t  

(mean± S . E . ) 

4 . 59±0 . 02 a 

4 . 18±0 . 03 c 

4 . 5 1±0 . 03 b 

1 . 8 7 ±0 . 04 e 

3 . 18±0 . 02 d 

1 . 86±0 . 02 e 

3 . 1 1±0 . 05 d 

1 . 89±0 . 03 e 

Means in  the column of  the table , no t  followed by the same le t t e r , 

are s igni f i cant ly d i f ferent at  the 5% level ( P=0 . 05 )  

1 2 1  
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4 . Parame ters  o f  food u t i l i za t i on 

Parame t e rs o f  food u t i l iza t i on by larvae are shown in  Table 6 . 3 .  

On f resh we igh t  bas is  of  food , toma to  f rui ts  gave the highe s t  

consump t ion index( C . I )  followed by toma to leaves , ar t i f i c ial  d ie t ,  

swee t corn cobs , as ter  flowers , as ter  leaves , swee tcorn l eaves and 

lucerne leaves which were 6 . 23 ,  1 . 43 ,  1 . 40 ,  1 . 33 ,  1 . 19 ,  1 . 12 ,  1 . 10 and 

0 . 90 respec t i ve ly .  On dry weight  bas i s , t omato  f ru i t s  also  gave the 

highes t C . I .  followed by swee tco rn cobs , as ter f lowers , a r t i f i c i a l  

d ie t , t oma t o  leaves , as ter  leaves , lucerne leaves and swe e t co rn leaves 

whi ch were 0 . 4 1 ,  0 . 26 ,  0 . 25 ,  0 . 24 ,  0 . 2 3 ,  0 . 20 ,  

respec t ively . 

0 . 1 7 and 0 . 1 6 

The e f f i c i ency o f  conversion o f  inges t ed food ( E . C . I . ) varied 

cons iderably . Lucerne leaves gave the highes t E . C . I . ( 1 2 . 65 )  fol lowed by 

as ter  f lowers ( 9 . 37 ) , swee tcorn cobs ( 8 . 40 ) , as ter  leaves ( 7 . 82 ) , 

a r t i f i cial  d i e t  ( 7 . 54 ) , swee t corn leaves ( 6 . 90 ) , t omato  leaves ( 6 . 80 )  and 

t oma t o  f ru i t s ( 1 . 74 ) . 

There was a s t rong negat i ve correlat ion be tween C . I .  and E . C . I .  

( r=-0 . 82 5 ,  P=0 . 006 ) i nd i cat ing that larvae a t e  less o f  those foods that 

were read i ly d iges ted and ass i milated . 

The rela t ive  grow th rat e ( R . G . R . ) d i d  not  follow any par t i cu lar 

pat t e rn or  correlate wel l  wi th any o ther parame ter . Larvae reared on 

lucerne leaves had the highes t R . G . R .  followed by as ter  f lowers  and 

sweetcorn cobs , toma to  frui t s , ar t i f i ci al d i e t ; t oma to  leaves , a s t e r  

leaves and sweet corn leaves wh ich were 0 . 1 14 ,  0 . 1 12 ,  0 . 1 1 2 ,  0 . 109 , 

0 . 106 , 0 . 09 7 , 0 . 088 and 0 . 076 respec t i vely . 



Table 6 . 3  Parame ters  o f  food u t i l i za t ion ; C . I . =consump t ion i ndex , 

E . C . I . =ef f i c i ency o f  convers ion o f  i nges t ed food , 

R . G . G . = rela t i ve growth  rate . 

Food C . ! .  a E .  C .  I .  a E . C . I . b R . G . R .  

Art i f i c ial d ie t  1 . 40 0 .  24 7 . 54 44 . 32 0 . 106 

Lucerne leaves 0 . 90 0 . 17 1 2 . 65 66 . 7 3 0 . 1 14 

Tomat o  leaves 1 . 43 0 . 23 6 . 80 44 . 97 0 . 097 

Toma to  f rui t s  6 . 23 0 . 4 1 1 .  7 1  26 . 41 0 . 109 

As ter  leaves 1 . 1 2 0 . 20 7 . 82 43 . 01 0 . 088 

As ter  flowers  1 . 19 0 . 25 9 . 37 45 . 42 0 . 1 1 2  

Swee t corn leaves 1 . 10 0 . 16 6 . 90 47 . 63 0 . 076 

Swee t corn cobs 1 .  33 0 . 26 8 . 40 42 . 99 0 . 1 1 2  

a )  calculat ed f rom f resh weight of  food and fresh weigh t  o f  larvae . 

b )  calculated f rom dry we igh t o f  food and f resh weight o f  larvae . 

1 2 3  
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DI SCUSSION 

One food ( toma to  f rui ts ) had cons i derably higher water  con ten t  

( 93 . 40%) than all o t her  foods wh ich ranged 7 9-85% (Table 6 . 2 ) .  On f resh 

weight bas i s , larvae consumed 

food ; more than 4 t i mes  the 

vas tly more t omato f ru i t than any o ther  

nex t highes t ( ar t i f i ci al d i e t ) .  Thi s  

great ly increased i n take more than compensated for  lower dry ma t te r  

con ten t  o f  tomato  f ru i t s  compared to  o ther foods . Thus dry mat te r  

inges ted was also highes t for tomato frui t s  and abou t 50% higher t han 

the next highes t ( swee t corn cobs ) .  Lowe s t  f resh  weigh t consump t ion  was 

o f  lucerne leaves being abou t 50% of  the nex t lowes t ,  as ter  f lowers . 

Wa ter  con ten t  o f  lucerne leaves was rela t i vely low , a t  81% , but even s o  

lucerne leaves also had lowes t dry ma t t er i n t ake . 

These data on rela t i ve consump t i on rates  sugges t  that t oma t o  

f rui t s  may contain  a feed ing s t imulan t and tha t lucerne leaves may 

con ta in  a feed ing de terrent though this  was not  inves t iga ted further  i n  

the present work . One poss ible explana t i on i s  s imply that the very h igh 

water  con ten t  of toma t o  frui ts  s t imulates  feeding of larvae . Overall 

t he bes t b iologi cal performance and average ranking was in fac t o b t a i ned 

f rom larvae fed on t oma t o  frui ts  (wi th the h ighes t wa ter  con ten t ) though 

the lowes t overall ranking was for larvae fed on swee t corn leaves whi ch 

had the second highe s t  water  con ten t bu t gave only a modes t dry ma t t er  

i n take ( Tables 5 . 7  and 6 . 2 ) .  

Scri ber and Feeny ( 1979 )  s tud ied larvae o f  9 species o f  swallow t a i l  

bu t ter� l i es , 1 0  spe c i es o f  bombyco id mo ths and southern armyworm and 

pos tulat ed tha t one leaf characteri s t i c  responsible for  high larval 

growth  was wa ter  con t en t because larvae grew fas t e r  and more e f f i c i en t ly 
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o n  herbaceous plan t s  ( 70-9 1% wa ter  conten t )  than o n  the f o l i age o f  

shrubs and t rees ( 5 1-74% wa ter  con tent ) .  Scri ber ( 1 9 7 7 ) showed that 

Hyalophora cecropia ( Lepidopt era ; Saturn i idae ) fed on low-wa t e r  con ten t 

leaves grew more s lowly and was less  e f f i c i ent a t  u t i l i z ing plan t 

biomass , energy and ni t rogen t han larvae fed leaves whi ch were fully 

supplemen t ed w i th wa ter . Scr i ber and Slansky ( 1981 )  concluded that  

biologica l  performances of  cer t ain  foliage-chewi ng i nsec t s  were 

s ign i f i can t ly greater  on leaves w i th wa ter con tents  in the range o f  

75-95% than those o n  less water con t en t s . In  the present work there was 

no apparent  assoc i a t ion of  bi olog i cal  performance wi th  wa t e r  con ten t o f  

food wi th  the excep t ion of  toma to  frui t s .  

E f f i c i ency o f  convers ion o f  inges ted food to body we igh t ( E . C . I . ) 

was much higher for lucerne leaves ( the h ighes t )  than for  t oma t o  frui t s  

( the lowes t ) .  This t o  a large extent  compensa ted for low i nges t i on o f  

lucerne leaves so that rela t ive grow th  rates ( R . G . R . ) o n  t hese  two foods 

were no t very d i f ferent . 

The range of  values for E . C . I .  based on fresh we ight o f  food was 

7 . 4 t imes ( ra t i o  of highes t to  lowes t ) .  On the bas i s  o f  d ry weigh t  o f  

food ( perhaps more meaningfu l )  the ra t i o  was only 2 . 53 t i mes . On dry 

weight bas i s  all  foods gave E . C . I . s  o f  43-47 except  for  toma to  

f rui t s ( 26 . 4 ) and lucerne leaves ( 66 . 7 ) .  

A surp r i s i ng feature was that  n i t rogen con tents  were lower in the 

reproduc t i ve par ts  ( frui ts , flowers and cobs ) than i n  leaves o f  all 

three plan t s  i n  which compari son was made . In all  cases , i n  con t ras t , 

the b iologi cal f i tness index of reproduc t i ve par ts was much h igher than 

leaves . ( Table 5 . 8 ) .  I f  n i t rogen i s  a l i m i t ing factor · f o r  growth and 

development o f  � . armigera thi s rai ses two ques t i ons . 1 )  Wha t i s  the 

minimum ni t rogen requi remen t for th is  s pecies and 2 )  why are the f i tness 
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i nd i ces and b i ologi cal performances rela t i vely low o n  leaves wi th h igh 

n i t rogen con ten ts ?  

The presen t work does no t answer the f i rs t  ques t i on pre c i sely but  

i t  i s  eviden t that  � . armigera requi res only very low n i t rogen content  o f  

food to  keep  body ni t rogen level s table . I t  i s  clear f rom the 

per f ormance of larvae fed t oma t o  frui t s ,  as ter  f lowers and swee t corn 

cobs that  only about 1 . 9% n i t rogen i s  s u f f i c i en t  for grow th  and 

development o f  this  insec t .  

However ,  i f  this  conclus i on i s  valid  then f i tness indi ces and 

b iologi cal performances of larvae fed on leaves should be be t ter than i n  

Tables 5 . 7  and 5 . 8  because a l l  leaves con tain  rela t i ve ly high n i t rogen 

con t en t s  ( range o f  3 . 1-4 . 5% ) . A pos s i ble explana t i on is tha t leaves o f  

a l l  4 plants  tes ted con tain  harmful allelochemics  and/or unde s i rable 

phys i cal  proper t i es such as toughness and high f i bre con tent  tha t  l imi t 

d i ges t i on and ass imila t i on .  Ar t i f i c ial di e t , wh i ch i s  well-balanced i n  

nu t r i en t s  and wi thou t allelochemi cals or high f i bre con t ent  bu t wi th the 

same n i t rogen con ten t  as leaves ( 4 . 6% ) , showed the h ighes t bi ological  

f i tness i ndex ( o r  second highe s t  to  toma to f rui t s  on the " improved " 

index ) . 

The minimum requi rement o f  ni t rogen con tent  in food i s  known for  

rela t i ve ly few insec t s . Ma t tson ( 1980) repor ted tha t  bu t te r f ly larvae 

and grasshopper nymphs needed at leas t 3% ni t rogen in  dry ma t t er  of food 

whi le Fox and Macauley ( 197 7 )  showed that growth performance of Parops i s  

leaf bee t les on Aus t ral ian Eucalyptus tree was correlated w i th sma l l  

d i f f erences in ni t rogen con t ent ( range of  0 . 5-1 . 9% ) . Broadway and 

Duf fey( 1986)  demons t ra ted tha t  larvae of H . zea grew bes t on ar t i f i c i a l  

d i e t  con t a ining 1 . 2% casein  ( a  d i e tary pro te i n ) . A t  concentrat i ons o f  

cas e i n  grea ter  or less than 1 . 2% ,  H . zea were delayed i n  larval 
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development ,  sugges t i ng tha t there i s  a low opt imum value . Al-Zubaid i  

and Capi nera( 1984 ) reported t ha t  larvae o f  bee t armyworm ( Spodoptera 

exigua)  fed on  fol iage wi th h i gh n i t rogen levels ( 2% )  gave shor ter  

larval development ,  higher larval weigh t , higher egg produc t ion , lowe r 

mor tal i ty but  no d i f ference in  pupal development than t hose fed on 

fol iage wi t h  low ni t rogen levels ( O . S  and 1%) . However ,  Broadway and 

Duffey ( l986 ) , Fae th  et al . ( 1 981 ) ,  Schroeder ( 1 976 ) ,  S t i l i ng et al . ( 1982 ) 

all argued that  elevat ion of n i t rogen in  food d i d  no t resul t  i n  

i ncreased performance o f  insec t s . 

The resul ts  presented in  t h i s  chap ter  shed l i t tle  l igh t on the 

reasons for d i f ferences in b iologi cal f i tness i nd i ces of foods as 

evaluat ed in  Chapter  5 .  In fac t they do no t even adequa t ely explain 

rela t i ve growth ra tes of  larvae or  f inal we igh t s  o f  pupae on t he 

d i f feren t foods . However ,  larval wei ght gai n  is  one parame ter wh i ch 

correlates well wi th overall ranki ng and wi th pupal we igh t ( r=0 . 7 3 1 , 

P=0 . 02 ) . 

I t  can only be concluded tha t the nut r i t ional fac t o rs i n  the 

various foods are much more complex than s imply dry mat ter  content  ( and 

i ts reciprocal water  con ten t )  and n i t rogen levels . Amounts  o f  cellulose 

may vary be tween plant t i ssues and this could be a fur t her fac tor  

affec t i ng t he insec t ' s  abi l i ty t o  d iges t d i f ferent d i e t s .  Cellulose 

conten t s  however were no t determined i n  the presen t s tudy . 
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CONCLUSIONS 

Dry mat ter  content  ( and i t s reci procal wa ter  conten t )  and ni t rogen 

con tent  of foods , e i ther cons idered alone or in combina t ion , do n o t  

provide an adequa te measure o f  food qual i ty for  larvae o f  � . armigera . 

However , rate of  inges t i on o f  food d i f fered great ly and this  mus t 

be a maj or fac tor  inf luencing larval growth rate  on a par t i cular food . 

E f f i c i ency o f  convers ion o f  inges ted food to  body weight also  

d i f fered widely be tween foods and larvae tended to  consume less of these  

foods  that were more read ily d iges ted and assimi lated ( lucerne leaves 

especially ) . 

The ni t rogen requi rement of  � . armigera appears to  be low ( abou t 

1 . 9% of dry ma t ter ) . Ni t rogen level of  f lowers ( as ter ) , fru i t s ( toma t o )  

and cobs ( swee tcorn ) were surpri s i ngly low ( less than 2 % )  bu t larvae grew 

well on these foods . 
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C�T� 7 

FOOD SELECTION AND INDUCTION OF FEEDING PREFERENCE 

IN LARVAE OF BELIOTHIS ARHIGERA 

INTRODUCTION 

Feed ing preferences of par t i cular 

commonly charac ter i s ed by those plan t 

preferred by them . However ,  though the 

phy tophagous insec t s  are 

species that  are accep t able  or 

feed ing pref erences of newly 

hat ched insec t s  mus t be pr i mar i ly gene t i cally de t e rmi ned i t  i s  known 

tha t such pre ferences ( for some insec t s  at leas t )  may be mod i f ied by 

early feed ing exper ience i . e .  preference may be i nduced rather  than 

inher i ted . Any inves t i ga t i on of  feed ing preference for a par t i cular 

species  mus t there fore consider both newly ha t ched " naive" i nsec t s  and 

those that have already fed on a par t i cular food for a period o f  t ime .  

Induc t ion o f  feeding preference has been demons t ra t ed for several 

species o f  lepidop terous larvae on d i f ferent foods by var i ous  

inve s t igators . Working wi th  the ol igophagous tobacco hornworm ( Manduca 

sex t a )  whi ch normally feeds on solanaceous plant species , de Boer and 

Hanson ( 1984 ) , Jermy e t  al . ( 1968 ) , Saxena and Schoonhoven ( 1 978 ) , 

Schoohoven ( 1967 ) and Yamamo t o ( 1974 ) demons t rated t hat  feed i ng 

preferences ( among solanaceous plan t s )  could be modi f i ed depend i ng on 

plant spec ies on whi ch the larvae had beed reared . An increased 

preference was found for the reari ng plan t s pecies rela t i ve to  o t her 

plan t species . Simi lar i nduc t i on has been repor ted i n  numerous o ther 

lepidopterous species ( eg .  Barbosa e t  al . ,  1979 ; Greenblat t e t  al . ,  

1978 ; Hanson , 1976 ; Jermy e t  al . , 1968 ; Wiklund , 1 973 ) and i n  a f ew 
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Cauraus ius morosus ( Phasmida)  by 

lythr i  (Coleoptera) by  Phi l l i ps ( 1977 ) .  

However , i nduc t ion o f  feed ing preference does not  seem t o  occur in  all  

herbivores as  fai lure to induce change has been repo r t ed . For  example , 

the bu t te r f ly Limen i t i s rubidus d i d  no t i nduce on two plan t s pecies bu t 

d id  on four o ther s pecies ( Hanson , 1 976 ) and two P ier is  species  d i d  not  

induce on four  food plan t s ( Chew , 1980 ) . 

Induc t ion of  food preference i n  � . armigera larvae has not  been 

repor ted . However ,  Jermy e t  al . ( 1968 ) s tud i ed � . zea larvae and repo r t ed 

that mod i f i ca t i on o f  feed ing preference during the larval per i od could 

be i nduced by plan t s  wi thin the i nsec t ' s  i nna t e  hos t range but could no t 

be i nduced by plan t s  ou ts ide thi s range . The mod i f ied behaviour  i nduced 

by a sho r t  exposure ( dur ing only one ins tar )  was retained through the  

mou l t  and a f ter  the gu t had been purged of  poss i ble  previ ous food . 

Jermy e t  a l . ( l968 )  concluded that the i nforma t i on serving as a bas i s  for  

the i nduced hab i t  was s t ored in  the cen t ral nervous sys t em .  

The present s t udy was des igned t o  exami ne the feed i ng preference 

of newly hatched and of  four th  ins tar  larvae of � . armigera when reared 

on ar t i f i c i al d i e t  and to  inves t i ga t e  i nduc t i on of  feed i ng preferences 

a f t er rear ing larvae on o ther spec i f i c  foods . 
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MATERIAL AND METHODS 

Larvae o f  � . armigera were reared on ar t i f i cial  d i e t  in  con t rol led 

labora t ory cond i t ions a t  ea 2 5 °C and 16 : 8 ( L/D)  pho toperiod . The 

compos i t i on of the formulated d i e t  is shown in  Append ix  1 .  Eggs 

obtained from this  colony were used for produc t ion o f  tes t larvae . 

Lucerne , t omato , as ter  and sweet corn plan t s  were grown and 

mai n tained under  nearly iden t i cal growing cond i t i ons in a greenhouse . 

No pes t i c ides were sprayed on these plan t s . 

The assay chamber for feed i ng preference tes t s  cons is ted o f  a 

clear plas t i c  cup ( 3 12  cm3 ) w i th a ven t i la ted l i d  and a 1 cm th ick 

para f f i n  wax layer on the bo t tom ( 8  cm in d iame t er ) . For humid i ty 

con t rol , whi ch was necessary t o  reduce larval and food des i ccat i on ,  a 

moi s t  f i l t er paper was placed on the paraff in  layer . Tes t foods 

( po r t i ons of  fol iage or reproduc t i ve par ts  o f  plan t s )  were arranged in 

ABAB fashi on around the edge of the floor of  the cup and suppo r t ed by 

pins . The tes t procedure was based on that used by Jermy et al . ( 1968 ) 

and Phi l l i ps ( 19 7 7 ) . 

A s i ngle larva was placed individually in  the cen t re o f  each assay 

chamber a t  approxi mately the same d is tances f rom each food sample . All  

tes t s  were conducted under con t i nuous l igh t in  con t ro l led laborat ory 

cond i t i ons over a 1 2-hour per i od . The assay chamber is i llus t ra t ed i n  

Figure  7 . 1 .  
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1 . Pre ference o f  newly hat ched larvae for d i f ferent foods 

1 . 1 Preference tes t s  using leaf di scs 

1 3 3  

Us ing a cork borer , leaf di scs 1 1  mm in  d i ame ter  were punched f rom 

f resh  leaves of  each plan t species to be examined . Two leaf d i scs f rom 

two d i f ferent plan t s pe c i es were placed in  each chamber ( ABAB 

arrangemen t ) .  Compar i sons were made be tween leaf d i scs  o f  the follow i ng 

pai rs ; lucerne vs toma t o , lucerne vs as ter , lucerne vs swee t corn , 

t omat o  vs as ter , tomato  vs swee tcorn and as ter  vs swee tcorn . Each leaf 

d i sc was f i xed on a pin  and s t ood horizontally about 5 mm above the 

sur face o f  moi s t  f i l ter  paper ( see Figure 7 . 1 ) .  One heal thy newly 

hat ched larva was placed s i ngly in the cen t re of each assay chamber 

us i ng a f ine brush . There were 30 repl ica t es o f  each comparison . 

As the amoun t o f  leaf d i sc eaten by newly hatched larvae was so  

small  and imprac t i cal to  meas ure , the pos i t ions o f  larvae were recorded 

at the 1s t ,  3 rd ,  6 th and 1 2 th hour a f t e r  i n i t ia t i ng a t es t .  

1 . 2  Preference for reproduc t ive par t s  o f  plan t s  

F o r  evaluat i on of  preference f o r  reproduct ive par t s  o f  plan t s , 

f resh green tomato  frui t s , aster  f lowers and swee t corn cobs ( cu t  t o  

approx i ma tely the same s i z e )  were placed i n  assay chambers w i thou t 

suppo r t ing pins . The t r ial  procedure was o therwise  the same as for  leaf 

d i scs . 

2 . I nduc t ion o f  feed ing preference by rearing on a speci f i c  food 

2 . 1  Rearing on ar t i f i c ial  d iet  and plan t leaves 

Larvae of � . armigera were reared on ar t i f i cial  d i e t , lucerne 

leaves , toma t o  leaves , as ter  leaves and sweetcorn leaves un t i l  the t h i rd 

moul t .  Af ter  moul t ing , lar vae were held indiv idually i n  sma l l  



134  

containers  and s t arved for  12  hours . Larvae were then tes t ed 

i nd i vidually under con t inuous l igh t for 1 2  hours .  All tes t s  were 

mul t i choi ce between d i scs o f  lucerne , t omato , as ter and swee t co rn leaves 

o f fered s imul taneously . Two leaf d i scs o f  each plan t species  13 mm i n  

d i ameter  ( gi ven a t o tal area of  265 . 6  mm2 ) were used i n  each tes t . A t  

the end o f  1 2-hour per i od the area o f  leaf d i scs remaining was e s t i ma t ed 

by placing t ransparen t graph paper over them . Leaf area consumed was 

calculated f rom the ini t i al area minus that remaining .  A correc t ion 

fac tor  for leaf thickness was cons idered unnecessary as de Boer and 

Hanson ( 1984 ) found no e f fec t of leaf weight d i f ferences upon food 

choice . Assay chambers in  which leaf d i s cs of one plan t species  were 

completely consumed were ignored because the leaf di scs of ano ther plan t 

s pecies might  then have been consumed wi t hout choice . 

Mean preference values were calculated af ter  Cass i dy ( 1978 ) 

as follow : 

PV CA-CB 
CA+CB 

where PV Mean preference value 

CA Area of  leaf A consumed 

CB Area o f  leaf B consumed 

CA+CB To tal area consumed 

2 . 2  Rearing on ar t i f i c ial d i e t  and reproduc t ive par t s  o f  plan t s  

Larvae of  � . armigera were reared on ar t i f i c ial d i e t , t oma t o  

f ru i t s , as t e r  f lowers and swee tco rn cobs un t i l  the thi rd moul t .  A f t e r  

moul t ing , larvae were held indiv idually in  emp ty con tainers and s t arved 

for 12 : hour s . Larvae were then tes ted ind i vidually under con t i nuous 

l ight  for  12 hours . All choice tes ts  were between pai rs  of toma t o  

frui t s ,  as ter  f lowers and swee tcorn cobs . Por t ions o f  these were cu t to  
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approxi mately the same s i ze . At  the  end o f  the  12-hour t es t  peri od the 

pos i t ions o f  larvae were recorded and percentages of larvae on each food 

calculated . B inomial d is t ribu t i on of  Snedecor and Cochran ( 1967 ) were 

applied to calculate s igni f i can t d i f ferences . 

RESULTS 

! . Preference o f  newly hat ched larvae for d i f ferent foods 

1 . 1  Pre ference tes ts us i ng leaf discs  

Resu l t s  o f  preference tes ts  o f  newly hat ched larvae for  leaf  d i scs 

o f  the four d i f ferent plant species are summari zed i n  Table 7 . 1  and 

i l lus t rated i n  Figure 7 . 2 .  

I n  dual tes t s  o f  lucerne leaves vs swee t corn leaves , t oma to  leaves 

vs swee t corn leaves and aster leaves vs swee t corn leaves larvae t ended 

to  wande r  around the assay chambers for the f i rst  3 hours and at that 

t ime more larvae were found elsewhere than on leaf discs { F igure 7 . 2 ( c ) , 

( e )  and ( f ) ) . By the 6 th hour i n  all comparisons mos t larvae had moved 

to and s tar ted feed ing on leaf d i scs . By the 1 2 th hour preference for  

leaf d i s cs o f  one plan t or the o t her were c learly expressed . I t  can be 

concluded f rom the 1 2 th hour f igures that preferences were  in the order : 

Lucerne leaves ) toma to leaves ) aster  leaves ) swee t corn leaves 

1 . 2  Preference for reproduc t i ve par t s  o f  plan ts 

Resul t s  of  preference tes ts  of newly hat ched larvae for  

reprodu c t ive parts  of  plants  are summari zed in  Table 7 . 2  and in  Figure  

7 .  3 .  

I n  con t rast t o  tes t s  w i th  leaf  d i scs mos t larvae showed s t rong 

preference for reproduct ive par ts o f  plants  by mov ing to them wi thin  t he 
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1s t hour in all  tes ts . In the pai red compar ison o f  toma to  frui ts  vs 

as t e r  flowers { F igure 7 . 3 ( a ) }  all larvae were on the tes t  foods a f t er 1 

hour and in  the wors t  si tuat ion ( toma to frui t s  vs swee tcorn cobs ) a f t er 

3 hours only 13% o f  larvae were no t on the tes t samples . 

I t  can be concluded that preferences o f  newly hatched larvae for  

reprodu c t i ve par t s  of  plan ts  were in the  o rder : 

Toma to  frui t s ) sweet corn cobs > as ter  flowers 



Table 7 . 1  Percentages o f  newly hat ched larvae of � . armigera 

on leaf di scs of four hos t plan t s . ( n=30) 

Posi t ion o f  

larvae 

1 

Elapsed t ime (hours ) 

3 6 12  

p 

Lucerne leaves 

Tomato  leaves 

Elsewhere 

46 . 6  

36 . 7  

16 . 7  

56 . 7  

20 . 0  

23 . 3  

70 . 0  

26 . 7  

3 . 3  

80 . 0  

20 . 0  

0 

o . o1 

Lucerne leaves 

As ter leaves 

Elsewhere 

Lucerne leaves 

Swee t corn leaves 

Elsewhere 

Tomato  leaves 

As ter  leaves 

Elsewhere 

30 . 0  

43 . 3  

26 . 7  

40 . 0  

6 . 7  

53 . 3  

6 3 . 3 

10 . 0  

26 . 7  

50 . 0  

30 . 0  

20 . 0  

23 . 3  

6 . 7  

70 . 0  

63 . 3  

6 . 7  

30 . 0  

53 . 3  

30 . 0  

16 . 7  

53 . 5  

13 . 3  

33 . 3  

60 . 0  

6 . 7  

33 . 3  

66 . 7  

30 . 0  

3 . 3  

70 . 0  

10 . 0  

20 . 0  

66 . 7  

26 . 7  

6 . 6  

o . o1 

o . o1 

0 . 01  
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Table 7 . 1  ( con t i nued ) 

Pos i t i on o f  

l arvae 

Toma to leaves 

Swe e t corn leaves 

Elsewhere 

As t e r  leaves 

Swee t co rn leaves 

Elsewhe re 

1 

26 . 7  

13 . 3  

60 . 0  

20 . 0  

13 . 3  

66 . 7 

Elapsed t ime( hour ) 

3 

26 . 7 

10 . 0  

63 . 3  

63 . 3  

1 3 . 3  

23 . 3  

6 

40 . 0  

2 6 . 7  

33 . 3  

86 . 7  

3 . 3  

10 . 0  

12 

43 . 3 

26 . 7  

30 . 0  

93 . 3  

3 . 3  

3 . 3  

1 38 

p 

0 . 05 

0 . 01 
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Figure 7 . 2  Percen tages of  newly ha tched larvae of � . armige ra 

on leaf d iscs o f  four hos t plan t s . 
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Abbrev i a t i ons AL=as t er leaves , CL=swee tcorn leaves , EY=elsewhere , 

LL= lucerne leaves , TL= toma t o  leaves 



Table 7 . 2  Percentages o f  newly hat ched larvae o f  � . armigera 

on reproduc t ive par ts of  hos t plan t s . ( n=30 ) 

Pos i t ion o f  

larvae 

Toma to f ru i t s  

Swee tcorn cobs 

Elsewhere 

Toma to f ru i ts 

As ter  flowers 

Elsewhere 

Swee t corn cobs 

As t e r  f lowers 

Elsewhere 

1 

66 . 7  

26 . 7  

6 . 6  

80 . 0  

20 . 0  

0 

70 . 0  

20 . 0  

10 . 0  

Elasped t ime( hours ) 

3 

56 . 7  

30 . 0  

13 . 3  

86 . 7  

13 . 3  

0 

63 . 3  

33 . 3  

3 . 3  

6 

56 . 7  

43 . 3  

0 

76 . 7  

23 . 3  

0 

76 . 7  

20 . 0  

3 . 3  

12  

53 . 3  

46 . 7  

0 

7 3 . 3  

26 . 7  

0 

73 . 3  

23 . 3  

3 . 3  

p 

o . os 

0 . 01 

0 . 01 
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Figure 7 . 3  Percen tages of newly ha t ched larvae of � . armigera 

on reproduc t ive par t s  of  plan t s . 

Abbreviat i ons AF=as ter  f lowers , CC=sweet corn cobs , 

EV=elsewhere , TF= toma to  f ru i t s  



2 . Induc t i on of  feed i ng preference by rearing on a speci f i c  food 

2 . 1  Rearing on ar t i f i cial d i e t  and plan t leaves 

142  

Four th ins tar  larvae rai sed on  art i f i c i al d i e t  pre ferred lucerne 

leaves over as ter leaves ( PV=0 . 7 2 ,  P=0 . 01 ) , tomato  leaves ( PV=0 . 90 ,  

P=0 . 01 )  and swee tcorn leaves ( PV=0 . 86 ,  P=0 . 01 ) . As ter  leaves were 

pre ferred over toma t o  leaves ( PV=0 . 43 ,  P=0 . 01 )  and swee t corn leaves 

( PV=0 . 23 ,  P=0 . 05 )  and toma to  leaves were preferred over swee t corn leaves 

( PV=0 . 31 ,  P=0 . 05 )  (Table 7 . 3  and Figure 7 . 4 ) . I t  can be concluded that  

larvae reared on ar t i f i cial  diet  and then fed  on plan t leaves preferred 

them in  the orde r ;  

Lucerne leaves) as ter  leaves/ tomato  leaves) swee t corn leaves 

Thi s  preference hei rarchy is the same as that for newly hat ched 

f i r s t  ins tar larvae except tha t the order of  as ter and tomat o  leaves i s  

reversed . 

Simi larly four th  i ns tar larvae rai sed on lucerne leaves showed 

s t rong preference for lucerne leaves over aster  leaves ( PV=0 . 84 ,  

P=0 . 01 ) , t omato leaves ( PV=0 . 80 ,  P=O . Ol )  and swee tcorn leaves ( PV=0 . 8 3 ,  

P=0 . 01 )  ( Table 7 . 4  and Figure 7 . 5 ) . 

However , four th ins tar  larvae rai sed on as ter  leaves preferred 

a s t e r  leaves over lucerne leaves ( PV=0 . 74 ,  P=0 . 01 ) , toma t o  leaves 

( PV=0 . 88 ,  P=0 . 01 )  and swee t corn leaves ( PV=0 . 80 ,  P=0 . 01 )  (Table 7 . 4  and 

F igure 7 . 5 ) .  

S imi lary fourth i ns t ar larvae rai sed on t oma to  leaves pre ferred 

t oma to  leaves over lucerne leaves ( PV=0 . 2 3 ,  P=0 . 05 ) , as ter  leaves 

( PV=0 . 76 ,  P=0 . 01 )  and sweetcorn leaves ( PV=0 . 82 ,  P=0 . 01 )  ( Table 7 . 4  and 

F igure · 7 . 6 ) . 

Four th ins tar larvae rai sed on sweetcorn leaves showed s i gn i f i can t 

preference only for swee t corn compared to  toma t o  ( PV=0 . 88 ,  P=0 . 01 )  and 
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no preference compared to  as ter  leaves ( PV=O . Ol , P=0 . 8 ) . The  s t rong 

preference for lucerne leaves was not af fected by rai s i ng larvae on 

swee t corn leaves ( PV=0 . 65 , P=0 . 01 )  (Table 7 . 4  and Figure 7 . 6 ) . Feed i ng 

on swee t corn leaves therefore induced preference only wi th  respec t to  

tomato  leaves wh i ch only ranked th ird ( next  to swee t corn leaves ) i n  

uninduced larvae . 



Table 7 . 3  Feed ing preference o f  four th ins tar larvae 

reared on ar t i f ic ial  d iet . Numbers in parentheses 

are percentages of food consumed . ( n=30) 

Tes t choice 

Lucerne leaves 

As ter leaves 

Lucerne leaves 

Toma to leaves 

Lucerne leaves 

Sweet corn leaves 

As ter  leaves 

Tomat o  leaves 

As ter leaves 

Sweet corn leaves 

Toma to leaves 

Sweet corn leaves 

Leaf area consumed 

( mm 2 ) 

204 . 97 ( 86 . 2 )  

3 2 . 90 ( 1 3 . 8 )  

2 1 9 . 4 3  ( 9 4 . 8 )  

1 2 . 00 ( 5 . 2 ) 

198 . 9 3 ( 9 3 . 0 ) 

1 5 . 03 ( 7 . 0 )  

1 5 8 . 34 ( 7 1 . 8 )  

62 . 1 1 ( 28 . 2 ) 

145 . 90 ( 6 1 . 5 ) 

9 1 . 1 7  ( 38 . 5 )  

1 2 3 . 5 2 ( 65 . 6 ) 

64 . 80 ( 34 . 4 ) 

Mean preference 

value ( PV )  

0 .  7 2  

0 . 90 

0 . 86 

0 . 43 

0 . 2 3 

0 . 3 1 

1 4 4  

p 

0 . 01 

0 . 0 1 

0 . 0 1 

0 . 01 

0 . 05 

0 . 05 
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Figure 7 . 4  Feed i ng preference on plant leaves of  four th  ins tar  

larvae of  � . armigera reared on ar t i f i c i al d i e t . 

The bars a t  the top o f  the columns s igni fy 

s tandard errors . 

Abbrev i a t i ons In Figures 7 . 4  to  7 . 6  : -

AL=as ter  leaves , CL=sweetcorn leaves , 

LL=lucerne leaves , TL= toma to leaves , 

N=number o f  replica t es , P=probab i l i ty 



Table 7 . 4  Feed ing pre ference o f  fourth ins tar larvae 

reared on spec i f i c  foods . Numbers i n  parentheses 

are percen tages of  food consumed . ( n=30 ) 

Rai s ed food Tes t cho i ce Leaf area 

consumed ( mm2 ) 

Lucerne 

leaves 

As ter  

leaves 

Lucerne leaves 

As ter leaves 

Lucerne leaves 

Tomato  leaves 

Lucerne leaves 

Swee tcorn leaves 

As ter leaves 

Lucerne leaves 

As ter  leaves 

Toma to leaves 

240 . 7 3 ( 9 2 . 2 ) 

20 . 37 ( 7 . 8 )  

2 1 4 . 1 3 ( 8 9 . 8 )  

24 . 37 ( 10 . 2 )  

246 . 60 ( 9 1 . 5 ) 

2 3 . 00 ( 8 . 5 ) 

2 3 3 . 40 ( 8 7 . 5 ) 

3 3 . 37 ( 1 2 . 5 ) 

246 . 53 ( 94 . 0 ) 

1 5 . 8 3 ( 6 . 0 ) 

As ter  leaves 2 5 7 . 7 7 ( 90 . 1 )  

Swee tcorn leaves 28 . 30 ( 9 . 9 ) 

Mean preference 

value ( PV)  

0 . 84 

0 . 80 

0 . 83 

0 . 74 

0 . 88 

0 . 80 

1 4 6  

p 

0 . 01 

0 . 01 

0 . 01 

0 . 01 

0 . 01 

0 . 01 



Table 7 . 4  ( con t i nued ) 

Rai s ed f ood Tes t choi ce 

Toma to 

leaves 

Swee t corn 

leaves 

. ... . 

Toma to leaves 

Lucerne leaves 

Toma to leaves 

As ter leaves 

Toma t o  leaves 

Swee tcorn leaves 

Swee t corn leaves 

Lucerne leaves 

Swee tcorn leaves 

Aster  leaves 

Swee t corn leaves 

Toma to leaves 

Leaf area 

consumed ( mm2 ) 

Mean pre ference 

value ( PV )  

1 70 . 40 ( 6 1 . 4 )  

107 . 30 ( 38 . 6 ) 

2 1 3  . 7 7  ( 88 . 9 )  

26 . 80 ( 1 1 . 1 ) 

1 9 2 . 2 7 ( 90 . 9 ) 

1 9 . 20 ( 9 . 1 ) 

42 . 5 3 ( 1 7 . 7 ) 

1 9 7 . 3 3 ( 82 . 3 ) 

109 . 60 ( 49 . 3 ) 

1 1 2 . 80 ( 50 .  7 )  

2 1 2 . 9 3 ( 94 . 1 ) 

1 3 . 4 3 ( 5 . 9 ) 

0 . 23 

o. 76 

0 . 82 

0 . 65 

0 . 01 

0 . 88 

147 

p 

o . os 

: 0 . 01 

0 . 01 

0 . 01 

o .  ·a 

0 . 01 
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Figure 7 . 5  Feeding preference on plan t leaves of  fourth  i ns tar  

larvae o f  � . armigera reared on lucerne and as ter  leaves . 
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2 . 2  Rearing on a r t i f i cial d i e t  and reproduc t ive par t s  

o f  plan t s  

1 50 

Four th  i ns tar larvae rai sed on ar t i f i c i al d ie t  preferred toma to  

fru i t s  over swee t corn cobs ( P=0 . 05 )  and as ter f lowers  ( P=O . O l ) . 

Swee t co rn cobs were preferred over as t er f lowers ( P=0 . 05 )  ( Table 7 . 5  and 

Figure 7 . 7 ) .  I t  can be concluded that  feed i ng preferences o f  four th  

ins tar larvae rai sed on  ar t i f ic ial  d ie t  were i n  the orde r ; 

Tomato  f ru i ts) swee tcorn cobs) aster  f lowers 

Thi s  was the same order of  preference as shown by newly hat ched 

f i rs t  i ns tar larvae ( see Table 7 . 2 ) .  

Larvae rai sed on reproduc t i ve par t s  o f  plants  t o  fou r t h  i ns tar  

showed h ighly s igni f i can t pre ference for the  plants  on  whi ch they were 

rai sed ( Table 7 . 6  and Figure 7 . 8 ) . Thus four th  ins tar larvae rai sed on 

t oma to f ru i ts  preferred tomato  f rui ts  over swee tcorn cobs ( P=O . O l )  and 

as ter  f lowers ( P=O . lO ) . Larvae rai sed on swee tcorn cobs preferred 

swee t corn cobs over tomato  frui ts  ( P=O . Ol )  and as ter f l owers ( P=O . O l )  

and larvae rai sed on as ter  flowers preferred as ter  f lowers over t omat o  

f ru i ts  ( P=O . OS )  and swee t corn cobs ( P=O . OS ) . 



Table 7 . 5  Feed ing preference o f  four th ins tar larvae 

raised on art i f i c ial d i e t  t hen o f fered reproduc t i ve 

par ts  o f  plan t s . ( n=30 , P=probab i l i ty )  

Tes t choice 

Tomato  f rui t s  

Swee tcorn cobs 

Toma to f rui t s  

As ter  f lowers 

Swee t corn cobs 

As ter  f lowers 

%Larvae feed ing on 

food at 12th hour 

70 . 0  

30 . 0  

80 . 0  

20 . 0  

70 . 0  

30 . 0  

p 

0 . 05 

0 . 01 

0 . 05 

1 5 1  
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Figure  7 . 7  Feed ing preference on reproduc t ive parts  o f  plan t s  o f  

four th  ins tar  larvae of  � . armigera reared on 

ar t i f i c i al d i e t . 

Abbreviat ion In F igures 7 . 7  and 7 . 8  : -

AF=as t e r  f lowers , CC=swee tcorn cobs , TF= t oma t o  f rui t s , 

N=number o f  repl i cates , P=probabi l i ty 



Table 7 . 6  I nduc t ion o f  food preference by fourth ins tar 

larvae rai s ed on reproduc t ive par ts  o f  plan t s . 

( n-30 , P�probab i l i ty )  

Raised on 

Toma to  

f rui t s  

Swee t corn 

cobs 

As ter 

flowers 

Tes t  chi oce 

Tomato f rui t s  

Swee tcorn cobs 

Toma to f rui ts  

As ter  f lowers 

Swee t corn cobs 

Toma to frui t s  

Sweetcorn cobs 

As ter  flowers 

As ter  flowers 

Toma to  f ru i t s  

As ter  flowers 

Swee tcorn cobs 

%Larvae feed ing on 

food at 1 2 t h  hour 

80 . 0  

20 . 0  

86 . 7  

1 3 . 3  

93 . 3  

6 . 7  

96 . 7  

3 . 3  

70 . 0  

30 . 0  

73 . 3  

26 . 7  

p 

0 . 01 

0 . 01 

0 . 01 

0 . 01 
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DI SCUSSION 

! . Preference o f  newly hat ched larvae for  d i f ferent foods . 

Newly hatched larvae did  no t general ly immed iately approach p lant  

leaf  d i scs . In  all  pai red tes ts  more larvae wandered around the assay 

chambers for  the f i rs t  3 hours than occupi ed leaf d iscs ( F i gure  7 . 2 ) . 

Thi s  may be because leaf d i scs o f  a l l  four plan t s  do no t con ta in  

s u f f i c i en t ly s t rong a t t ractants  or  feed i ng s t i mulan t s  or perhaps because 

larvae had los t s t rong hos t plan t pre ference af ter  the colony had been 

reared on ar t i f i cial  d i e t  for several generat ions . However , by the 6 th 

hour in  all pai red tes ts  mos t  larvae had moved to and s tar ted feed i ng on 

leaf  d i scs o f  one test  plant or the o t her . By 1 2 th hour larvae showed 

s t ronger pre ference for lucerne leaves over leaves o f  the o t her three 

p lan t s . Swee t corn leaves were cons i s ten t ly the leas t preferred o f  al l .  

Lucerne leaves may there fore possess more po tent a t t rac tan t s  than the 

o ther three plan t s . 

The above experience parallels that  o f  Schoonhoven ( 1967 ) who , 

working wi th the oligophagous tobacco hornworm ( � . sexta ) ,  repor t ed that  

a f t e r  rearing larvae on a r t i f i cial  d i e t , they los t the i r  hos t p lant 

s peci f i ci ty .  Al though accep table hos ts  were provided , larvae s pe n t  some 

t i me in res t less  wander i ng and performi ng tes t b i t es .  Hos t plan t 

s peci f i c i ty gradual ly reappeared when larvae were reared on t he i r  

or iginal hos t plan t s . Yamamoto ( 1974 ) also reported that newly hat ched 

larvae of tobacco hornworm rai sed on ar t i f i c i al d i e t  showed a 

polyphagous hab i t  and would feed on many kinds of non-hos t p lan t s  ( i n 

add i t ion to normal hos t plan t s ) although they were no t able to  grow on 

them . Saxena and Schoonhoven ( 1 982 )  found that newly emerged 

f i rs t - ins tar larvae of  � . sex ta showed equa l ly s t rong or ien ta t i onal and 
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feed i ng responses to hos t tomato , non-hos t rad ish  and an ar t i f i c ial d i e t  

but sugges ted that  the naive f i rs t  instar  larvae canno t b e  cons idered 

polyphagous . Unlike the oligophagous t obacco hornworm , � . armigera i s  

polyphagous and in  cur ren t tes t s  showed s t rong preference f o r  lucerne 

leaves al though mos t larvae spen t the f i rs t  3 hours wander i ng around 

assay chambers . 

In con t ras t ,  f i rs t  ins tar � . armigera larvae showed rap i d  response 

to  reprodu c t ive par ts  o f  plan t s  wi thin  the f i rs t hour i n  all tes t s . 

Tomato  f ru i ts  were much more preferred t han swee tcorn cobs and as ter  

f lowers ( Figure 7 . 3 ) and thus may con tain s t ronger a t t ractants  and 

feed ing s t i mulan t s . However , in all  tes ts  a few larvae s t i l l  wandered 

around the assay chambers for some t i me and mos t of  these were on the 

l i ds of  the tes t chambers . Th is  may be due to the effect  of overhead 

l igh t provi ded dur ing the experimen ts  as in rearing of � . armigera i t  was 

observed tha t newly hat ched larvae tend to move towards to the l i gh t . 

2 . Induc t i on of  feeding pre ference by rearing on a speci f i c  food . 

Four th  i ns t ar larvae rai sed on a r t i f i cial  d i et  exh i b i ted the same 

feedi ng preferences as newly ha t ched larvae on bo t h  l eaves and 

reproduc t ive par t s  of plan ts wi th the minor excep t ion o f  reversal o f  

preference f o r  tomato  and as ter  leaves . These larvae showed s t rong 

pre ference for lucerne leaves over o t her leaves . Thi s  may be because 

lucerne leaves con tain s t ronger feed i ng s t imulan ts than o ther  leaves but  

the resu l t s  may also be in fluenced by the fac t that the larvae were 

rai sed on ar t i f i c ial diet  based on ki dney beans wh ich are in  the same 

plant f�m i ly as lucerne ( Leguminosae ) .  However , such ar t i f i c i al d i e t  

rai sed larvae when offered reproduc t i ve parts  of  plants preferred toma t o  

fru i ts to  swe e t corn cobs and as ter f lowers . These tes t foods a r e  no t in  
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the  same plant fami ly as  k idney beans . S tadler  and Hanson ( 1978 ) 

repo r t ed that M . sexta rai s ed on art i f i c i al d i e t  were not  behaviourally 

"naive"  wi th  respect  to  i t s cons t i tuen t s  bu t were induced to  feed 

preferen t ially by them . They did  not agree wi th Jermy e t  al . ( 1968 ) , 

Schoonhoven ( 1967 ) and Yamamo t o ( 1974 ) who sugges ted that  art i f i c i al d i e t s  

were neut ral in  e f fec t . I t  seems unwise  to generali se abou t the l ikely 

e f fec t s  of  ar t i f i c ial d i e t s  w i thou t taking in to  accoun t the i r  spec i f i c  

cons t i tuents . 

I n  the presen t work the s t rong induc t ion of  feed ing preferences 

found wi th the four d i f feren t plan t spec ies and plan t par ts ( Tables 7 . 4 ,  

7 . 6  and Figures 7 . 5  to  7 . 8 ) ext ends to  � . armigera the resul t s  o f  ear l i e r  

i nduc t i on experimen ts  wi th many insects , for  example  

Lepi dop t era-� . zea ( Jermy et  al . , 1968 ) , � . sex ta (Hanson and  De t h i er , 197 3 ;  

Jermy e t  a l . , 1968 ; S tadler and Hanson , 1978 ; Sax en a and 

Schoonhoven , 1978 , 1982 ; Yamamo t o , 1974) , Lyman tr ia  d i spar ( Barbosa e t  

al . , 1 979 ) ,  P i er is  spp . ( Chew , 1 980 ) , Callosomia prome thea and Polygon i a  

i n t e rroga t i on i s  (Hanson , 1976 ) , Hyphan t r i a  cunea (Greenbla t t  e t  al . , 1 978 ) 

and non-Lepidoptera- Cauraus ius morosus ( Phasmidae ) ( Cass idy , 1978 ) and 

Hal t i ca lythri  ( Coleoptera ) ( Ph i l l i ps , 197 7 ) .  

Leaves o f  lucerne , as ter  and tomato gave the s t ronges t i nduc t ion 

of feedi ng preference . Larvae reared on sweetco rn leaves ( the leas t 

pre ferred by newly ha tched and d i e t  reared larvae ) showed s i gni f i can t 

preference for sweet corn leaves only when compared to  tomato leaves , and 

no t compared to  aster  or lucerne leaves . Moreover ,  the s t rong 

preference for  lucerne leaves was no t af fec ted by rais ing larvae on 

swe e t corn leaves , though leaf area of swee t corn l eaves consumed was 

grea t e r  t han for larvae rai sed on art i f i c ial di e t . Jermy et al . ( 1968 ) 

rai sed larvae of  H . zea on ar t i f i c ial d i e t  to  the early s ixth i ns tar and 
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t hen allowed them to feed on gerani um or dandeli on or  caul i flower leaves 

for 48 hours . The larvae then showed s t rong pre ference to t hese foods 

in cho i ce t e s t s  and the au thors concluded that  preference in t h i s  insect  

s pec i es could be induced in  only 2 days . The presen t resu l t s  w i t h  

� . armigera do no t suppor t  this  conc lus i on because even rai s i ng larvae to 

fourth  ins tar  ( over approx ima tely 10  day s )  d id  not induce preference to  

all  foods . 

Thi s  sugges ts  that for � . armigera larvae , al though feed i ng 

preference can be mod i f i ed by food whi ch has previously been consumed , 

the s t reng t h  o f  i nduc t i on for each food i s  d i f feren t and the leas t 

preferred food canno t overcome inna t e  preference for the  much more 

s t rongly preferred ones . 

Reproduc t ive par t s  of plan ts  induced greater  pre ference t han 

leaves and larvae rai sed on toma to  f ru i ts , swee tcorn cobs or as ter  

flowers showed very s t rong pre ferences to  tha t  food . Th i s ,  t oge ther 

wi th the rapid  or ien t a t i on of  f i rs t ins t ar larvae to  these plant  par t s , 

sugges ts  that  they contain  more po tent  a t t ractan t s  and/ o r  feed i ng 

s t imulan t s  t han l eaves . 
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CONCLUSIONS 

These  resul ts  show t ha t  al though newly ha t ched "naive " larvae o f  

� . armigera express clear preferences for par t i cular plan t species , t hese  

preferences may be  mod i f i ed by early feedi ng experience i . e .  induc t i on 

o f  feed i ng pre ference was read i ly achi eved . Ar t i f i c ial  d i e t  included 

some plan t ma t erials ( k idney beans ) bu t had l i t t le e f fe c t  on food 

preference . 

Preference for reproduct ive par t s  o f  plants was more s t rongly 

expressed 

induc t ion . 

t han for leaves and reproduc t ive part s  evoked grea t e r  



CHAPTER 8 

GENERAL DISCUSSION 

1 60 

I n  th is  chapter  d i scus s i on concen t rates on i n t errela t i onshi ps 

between resu l t s  repor ted in earlier  experimental chap ters  and the i r  

s ign i f i cance in  rela t i on to  the overall ecology o f  Hel i o t h i s  armigera . 

However ,  for convenience , di scuss i on is  o rganised unde r  f ive headi ngs : 

1 )  Seasonal development  

2 )  Feed i ng s i tes of  larvae in  the field 

3)  Larval food qual i ty 

4 )  Larval feeding preference 

5 )  Ovi pos i t i on preference 

! . SEASONAL DEVELOPMENT 

In  cool temperate climates wi th  a d i s t inct win t e r ,  such as 

Manawat u ,  Nor th Island , New Zealand , all ac t i v i ty of � . armigera ceases 

over the w in ter  mon t hs and the popula t i on is  presen t as d i apaus ing pupae 

in the soi l .  I n  terms o f  ini t ia t i on o f  a new season ' s  generat ion i t  i s  

impor tan t  t o  know when adult mo ths s tart  emerging f rom overwin t e ring 

pupae or  fly into the area from ou t s ide . Al t hough data were ob tained on 

male mo th  ac t i vi ty f rom pheromone t raps operat ed over the 1 985-86 season 

the resu l t s  do not enable f i rm conclus i ons to be drawn as to  dates o f  

f i rs t  emergence o r  i mmigrat i on .  

Ph�romone t raps were opera ted f rom December 25 , 1 98 5  t o  Apr i l  

30 , 1986 . The f i rs t  mo t h  was caught on December 29 , 1985 and the las t on 

Apri l  2 5 , 1 986 Emergence of  mo ths could have s tar ted before t raps were 
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s e t  i n  1 985 . However , numbers  o f  mo ths  caugh t before January are very 

low then gradually i ncrease to  reach a peak i n  March ( Table 3 . 5 ) . Thi s  

pat te rn i s  s imi lar t o  the resul ts  f rom l ight t raps run a t  Mass ey 

Uni vers i ty ,  Palmer s t on Nor th in  1966-69 ( Gaskin , 1970a ; Spi t z e r , 1970 ) . 

Thes e  authors als o  found that few moths ( <1 0 )  were caught before January , 

al though t he f i r s t  mo th appeared in  October . From Oc tober 28 , 1 986  to  

Apr i l  24 , 1987 two pheromone t raps were operated in the  same area by  

Dr . P . G . Fenemore and only one mo th  was caugh t before January ( unpubl i shed 

da ta ) . The few moths caugh t before January i n  both years may wel l  have 

origi nated from overwin t ering pupae and the numbers may be low because 

diapaus i ng pupae vary in t ime of emergence ( Si ngh et al . ,  1982 ) .  Also 

numbers of pupae surviv ing the winter  may be reduced due to paras i t i sm 

by the fungus , Paeci lomyces far inosus ( Alma , 1 975a , 1 977 ; 

Valen t ine , 1975) . The large numbers of  mo ths  caught i n  February and 

March mus t be mos t ly progeny f rom the f i rs t summer genera t i on o f  larvae 

but may be supplemented by late emerging d i apaus i ng pupae . 

Pheromone t rap cat ches may also be i n f luenced by preva i l i ng 

weather cond i t ions and thus may not necessar i ly reflec t mo th abundance . 

Al though individual me t eorologi cal parame t ers  ( maxi mum day t empera ture , 

m inimum night temperature , wind veloc i ty and rainfal l )  show no 

s i gni f i can t correlat i on w i th ca tches o f  mo ths , more moths were caugh t 

when m in imum temperature was greater than 10°C , wind veloci ty was less  

t han 20 km/h and there  was less  than 8 mm  rainfal l . Har t s tack e t  al . 

( 1979 )  reported that low temperatures at  night ( <1 2 . 8 °C )  i nh ib i t overall 

Heliothis  mo th  ac t i v i ty i nclud ing the cour tship  response and fl igh t  of  

male mo ths to pheromone t raps . These results  therefore sugges t that  t he 

greater numbers of  mo ths  caugh t in  February and March compared to  o th e r  

mon ths may be due t o  i n  par t  to  the warmer weat her a t  t h i s  t ime .  The 
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availab i l i ty of  food for  adul ts  i n  the form o f  nectar f rom flowers , hos t 

plant s  provi d i ng a t t ract i ve ovi pos i t i on s i tes and the ava i labi l i ty o f  

larval food plan ts  may also be con t r i bu t ing fac tors t o  a t t rac t i ng mo ths 

t o  the t r i al area and hence boos t ing t rap cat ches in late  summer . 

Al though � . armigera confer ta  mo ths have not been recorded in 

winter  i n  New Zealand , a number of  o ther Noc tuid mo ths have been caugh t 

by l ight t raps ( Sp i t zer , 1970) . The closely related sub s pecies , 

� . armigera occurs throughou t the year i n  Aut ralia but  t emperatures are 

undoubtedly h igher than in  New Zealand . Persson ( 1976 )  oper a t ed light  

t raps con t inuously for one and a hal f years i n  south coas tal  Queensland 

and repor t ed t ha t  � . armigera mo ths occurred throughou t the  yea r , 

al though numbers were low i n  winter . I n  eas t e rn coas tal Aus t ral ia  there 

are two peaks of  mo th populat i ons , the bigger peak occurs i n  

November-December and a smaller one i n  March-April  (Vi lson , 1983 ) .  

I t  had been planned to  record dates  of  occurrence o f  eggs and t o  

i nves t igat e  s i tes  o f  egg depos i t i on o n  plan t s  in  field plo t s  b u t  t h i s  

proved impossi ble i n  the f ield s i tua t i on . Ini t i ally the number o f  mo ths  

duri ng the  early growing season ( before  January ) was very  low  as  

d i s cussed and hence numbers of  eggs mus t  also  have been very low a t  t h i s  

t ime . The peak o f  mo th ac t i v i ty ( February and March) mus t have resu l t ed 

i n  heavy ovi pos i t i on as i t  was soon followed by heavy i nfes ta t i o n  o f  the  

plan t s  but no quan t i ta t i ve data  on  egg numbers was obtained . Resul t s  o f  

ovi pos i t ion behavi our s tud i es i n  the glasshouse are discussed lat e r . 

Small larvae when d i s turbed usually d rop from the plan t and hang 

suspended on s i lk threads and thus are d i f f i cul t to observe . As the 

f e i ld plots were observed dai ly i t  should have been pos s i ble t o  

de termine exac t ly when the f i r s t  larva 

s easons ( early January in  the f i rs t  season 

appeared . However ,  i n  bo t h  

and late December i n  the 
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second ) the f i rs t  larva recorded was already i n  the t h i rd i ns ta r . 

Besides low numbers o f  eggs laid o ther pos s i ble factors respons i ble  for  

low larval populat i ons early i n  the season are i nc lement  weather and 

i nsuf f i ciency of high qual i ty food as reproduc t ive par t s  of  plan t s  had 

no t developed a t  th is  s tage . Between late January and March the numbers  

o f  larvae i ncreased . rapidly associated w i th flowe ri ng and f ru i t 

produc t i on of  plan t s . 

Movement of  Hel io th i s  larvae wi thin plan t species has been 

i nves t igated by some workers ( eg .  Burke t t  e t  al . , 1983 ; Farrar and 

Bradley , 1985 ; Pencoe and Lynch , 1982 ; Snodderly and Lambd i n , 1982 ) . I n  

general , movemen t seems to be influenced by hos t plan t phenology , 

avai lab i l i ty of  sui table food , and some t imes compe t i t ion wi th  o ther  

larvae . In curren t f i e ld observat i ons , larvae were  f i r s t  found on  hos t 

plant  leaves and the numbers gradually increased as overall larval 

popula t i ons increased ( Figure 3 . 4 ) . After  t oma toes produced frui t s  and 

as ters  and lucerne flowered some larvae were found on fru i t s  of  tomat o  

and f lowers o f  aster b u t  no t o n  lucerne flowers . These larvae probably 

moved from nearby leaves . On swee t corn plan t s , larvae were found on 

bo th  leaves and cobs on the same date but the numbers on leaves were 

cons i s ten t ly low . No larvae were found on lucerne plan t s  i n  late season 

whi ch may have been due to migra t i on from lucerne to the more sui table 

foods ( tomato  f rui t s ,  aster  flowers and swee t corn cobs ) on adj ace n t  

plo t s . Laboratory s tud i es ( Chapter  5 )  showed t h a t  these foods were o f  

much h igher qual i ty than lucerne foliage in  abi l i ty t o  suppo r t  larval 

grow t h .  

As hos t plants  ma t ured larval populat ion o n  reproduc t i ve par t s  

( flowers , f rui ts  and cobs ) progress ively increased associa ted w i t h  

decline  in  numbers on a l l  hos t plan t leaves . Broad ley ( 1978 )  repo r t ed 
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that i n  Aus t ral ia al t hough eggs of  Hel i o this  speci es were f ound on 

leaves of all s t ages of pre- f lowering tobacco , larvae t ended l a t e r  t o  

move u p  the plan t towards the reproduct ive s t ruc tures . 

Af ter  February in bo th seasons , larval populat i ons  decreased on 

mos t plan t  par t s  bu t remained high on as ter  f lowers and swee t corn cobs . 

The decl ine of  larval popula t i ons a t  th is  t ime may be because hos t 

plant s  were approaching senescence 

food , and/or  t he effec t s  o f  

resul t ing in insu f f i c i en t  sui t able 

natural enemies . Cameron and 

Valent i ne ( 1985 ) repo r t ed tha t  larvae of � . armigera were heavi ly 

paras i t i sed by Co tesia  kazak ( B raconidae ) in  tomatoes and soybeans a t  

Pukekoh e ( no r t hern Nor t h  Island ) in  February and March , bu t paras i t i sm 

was no t evident in  the curren t s t udy . 

2 . FEEDING SITES OF LARVAE IN THE FIELD 

Larvae were found feed ing on toma to and as ter  leaves early in  bo th 

growing seasons and later  a few occur red on lucerne leaves . However ,  i t  

cannot be concluded that  tomato , as ter  and lucerne leaves are 

necessari ly the preferred feeding s i tes to o ther plan t par t s  s imply 

because o f  the numbers of  larvae on t hem . I t  is more l i kely that such 

d i s t ri bu t i on reflec t s  ovi pos i t ion preference and tha t newly ha t ched 

larvae s tar ted feed ing where eggs were depos i ted . In any cas e , dur i ng 

this  peri od only leaves were avai lable and larvae had no o t her  cho i ce o f  

food . Burke t t  e t  al . ( 1983) repor t ed tha t  f i rs t  instar larvae of  H . zea 

fed ini t i ally on plant par t s  on wh i ch they were placed . Pencoe and 

Lynch ( 1982 ) found that f i r s t  instar  larvae of H . zea exhi bi t ed a d i s t i n c t 

preference for terminal leaves 

were also the main ovi pos i t ion 

o f  peanu t s  as feeding s i tes  bu t these 

s i tes . However ,  i t  can be safely 
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concluded that  swee tcorn leaves were  leas t preferred for  ovipos i t ion o r  

feeding compared to  the o ther plant spec i es because n o  larvae were found 

on them unt i l  l a t e  January each year when the plants  had s ta r t ed forming 

cobs . 

From late  January to March all four hos t plan ts  were ma turi ng and 

a choice of food sources was avai lable . Mos t larvae were then found 

feeding on reproduc t ive par ts  of plan t s  ( flowers , frui ts  and cobs ) .  On 

t omatoes , frui t s  were the main  feeding s i tes especially young f rui t s  

( Table 3 . 2 ) . Al though actual numbers o f  larvae on f rui ts were qui te low 

( abou t 6 larvae per 80 f rui t s ) , damage t o  f rui ts  was rela t i vely severe 

( about 45% ) . Small  larvae in par t i cular tended to move f rom one f rui t 

t o  another , usually wi thout consuming each completely . Larger larvae 

t ended to remai n  on par t i cular frui ts . Thi s  could be because the 

mou thpar ts  of larger larvae enable them to d eal wi th the t ough ou t e r  

surface of  frui t s  and/or the i r  s t ronger preference f o r  f rui t s . On as ter  

plan t s , where flowers were preferred feedi ng s i t es t o  leaves , many more 

larvae occurred on l igh t coloured flowers ( wh i t e  and p ink)  than on dark 

colour ( red and purple ) . No evidence i s  avai lable t o  explain t h i s  but  

i t  could be  due s imply t o  d i f ferences in  at t rac t i veness o r  v i sual 

con t ras t of  the colours for ov ipos i t ing mo ths or to o ther b iochemi cal 

d i fferences such as odour be tween the d i f ferent  coloured flowers . On 

swee t co rn , larvae s t rongly preferred cobs to leaves and numbers o f  

larvae on leaves were very low a t  all t i mes . Larvae were never observed 

feed ing on s t ems of any hos t plan ts  in e i t her season . The resul ts  

showed clearly that  for tomato , as ter and swee tcorn , frui ts , f lower s  and 

cobs respect ively are the preferred feed ing s i tes over o ther plant 

par ts . Numbers o f  larvae recorded from lucerne were too low t o  reach 

f i rm conclusions . 
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Larval feeding s i te preferences of  Hel iothis  species have been 

i nves t iga t ed by many workers . On t oma t o , Snodderly and Lambd i n ( 1982 ) 

observed rela t ively large amoun t s  o f  feeding on  f rui t s ( 40-60% ) 

t hroughou t larval developmen t o f  H . zea and increases in leaf feed ing 

early and lat e . However ,  Burke t t  et  al . ( 1983 ) observed a s ign i f i can t 

preference for flowers of  t oma to  and larvae fed on flowers had the 

highes t mean survival . Flowers , bolls and frui t s  of co t ton have been 

recorded as pre ferred feed ing s i tes for larvae of Hel i o th i s  species 

( Broadley , 1978 ; Farrar and Bradley , 1985 ; Slosser e t  al . , 1978 ; Wi lson 

and Wai t e , 1982 ) . Wardhaugh e t  a l . ( 1980 ) also repor ted that larvae 

preferred to feed on the heads of sunflowers . 

In early December 1985 , before larvae were found on hos t plan t s  in  

the  f i eld plo t s , a small number o f  early i ns tar � . armigera larvae were 

found feed ing on leaves of  the annual weed Amaran thus sp . adj acen t t o  

the plot s .  Even though Amaran thus spp . may no t b e  sui table hos t s , 

larvae may never theless feed on them i f  eggs are laid on the i r  leaves . 

Once hos t p lan t s  s tarted to  ma ture ( la te  January ) very few larvae were 

found on Amaran thus . Amaran thus spp . have been recorded as hos t plan t s  

of  Heli o t h i s  species by Kareem e t  al . ( 1970) . They can perhaps therefore 

be con s i dered as poss i ble al terna t ive wi ld hos t plan t s  in  the Manawa t u .  
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3 . LARVAL FOOD QUALITY 

The effec ts  of larval foods on the b i ologi cal per formance o f  

� . armigera in terms of larval period , mor tal i ty of larvae , percen t 

pupa t i on ,  pupal weigh t , pupal peri od , fecundi ty and adult  l i fe s pan have 

been d i s cussed in  Chap ter  5 .  

O f  the natural foods , tomato  frui t s  gave the bes t biologi cal 

performance as expressed by the biologi cal f i t ness i ndex , followed by 

swee t corn cobs , aster  flowers , lucerne leaves , as ter  leaves , tomat o  

leaves and sweetcorn leaves . B i rch ' s  f i tness i ndex ,  des igned to  express  

the capabi l i ty of an i nsect  populat ion to  increase , was improved by 

add i ng values for pupal period and ha tchabi l i ty of eggs and by 

subs t i t u t i ng ac tual eggs laid for pupal weigh t  ( see  d i scus s i on i n  

Chapter 5 ) . The " i mproved '' f i tness ind i ces for tomato  f ru i t s ( 24 . 18 ) , 

sweet corn cobs ( 19 . 37 )  and as ter flowers ( 1 5 . 6 9 )  are much higher than f o r  

leaves o f  a l l  plants  evalua ted ( range of 1 . 23-5 . 76 )  ( Table 5 . 9 ) thus 

con f i rming t hat  reproduc t ive par ts  of plan t s  ( flowers , fru i ts and cobs ) 

are of  much higher qual i ty than leaves i n  t erms of  poten t ial  for  

populat ion i ncrease . 

Among plant leaves , lucerne and as ter  gave higher " improved " 

f i t ness i nd i ces ( about 5 )  than tomato and sweet corn ( about 1 ) .  Toma t o  

leaves and swee tcorn leaves also gave the highes t l arval mor tali ty and 

poores t growth .  These leaves may con tain chem i cal  feed i ng deterren t s  o r  

t ox ins and/or high f i bre content  whi ch i s  d i f ficul t for larvae t o  

i nges t .  Fery and Cuthbert  ( 1975 )  showed that e thanol i c  ex t rac t o f  

tomato  : leaves reduced surv ival 

Kennedy ( 1 987 ) also repor ted that 

glandular t r ichomes o f  tomato , 

o f  H . zea larvae . Farrar 

2-undecanone , a cons t i tuen t o f  

and 

the 

when combi ned with 2 - t r idecanone 
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increased larvae mor tal i ty and caused deformi ty and mor tali ty o f  pupae 

of � . zea , but no t alone . More recen t ly �- toma t ine , chlorogeni c  acid , 

ru t in and a new caf feyl derivat ive o f  an aldaric  acid are maj or  

allelochemics i solated from t oma to  leaves tha t  affect  larval developmen t 

o f  H . zea (Ell iger e t  al . , 1981 ) .  Moreove r ,  Campbe l l  and Duffey ( 1981 ) 

repo r ted that  �- t omat ine caused prolonged larval developmen t ,  d i s rup t i on 

or  p revent ion o f  pupal eclos i on ,  deformat i on of  geni tal  s t ruc tures and 

reduc t i on in adul t  weigh t and longevi ty of the paras i toid  Hyposo ter  

exiguae when �- tomat ine-fed H . zea larvae were paras i t i sed . 

Maj o r  nu t r i t ional requi rements  for insec t s  are n i t rogen , vi t amins , 

phos pho l i p ids and free sugars presen t universally i n  leaf t i ssues 

( Harborne , 1977 ) .  Scriber and Slansky ( 198 1 )  sugges t ed that leaf water  

and n i t rogen ( o r  correlated fac tors )  de termine upper l i m i t s  o f  larval 

performance . However ,  maximum per formance may no t be a t tained because 

o ther fac t ors such as the presence of allelochemicals . N i t rogen p lays a 

cen t ral role in  all  me tabo l i c  processes and in  gene t i c  cod ing ( I to and 

Hukai yama , 1964 ; Hat tson , 1980 ) . However ,  the minimum n i t rogen con t e n t  

of  food t h a t  w i l l  keep body ni t rogen level s table i s  known for only a 

few i nsec t speci es for 

nymphs (Hat t son , 1980) and 

1977 ) .  

example some bu t ter f ly larvae and grasshopper 

a bee t l e ,  Parops i s  s p . ( Fox and Hacauley , 

The e ffec t s  of  various hos t plan t s  on developmen t o f  � . armigera 

and o ther Hel i o this  spec ies  have been repor ted by many workers . Hos t 

publi c a t i ons  concent rate  on the ef fects  of  foods on a par t i cular s tage 

such as larval developmen t ,  pupal weight and pupal per i od , fecund i ty and 

adul t  l i fe span ( eg .  Abul Nasr e t  al . , 1976 ; Ayad , l977 ; Doss , 1978 ; 

Lukefahr and Har t i n , 1964 ; Pre torius , 1976 ;  Reed , 1965 ) . Unfor tunately 

none have a t t emp ted to  de t e rmine the bases of  food qua l i ty  and op t i mum 
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requi rements  of  nut r i t ional ingred i ents  for Heli o th i s  speci es have no t 

been repo r t ed .  Thus the presen t work a t temp ted t o  i nves t igat e  the  

s ign i f i cance of  n i t rogen con tent , dry mat ter con t en t  ( and i ts rec i p rocal 

wa t e r  con t en t ) and to  measure amoun ts of  food consumed ( consump t i on 

i ndex , C . I . ) ,  e f f ic iency o f  conversion o f  i nges ted food ( E . C . I . ) ,  and 

rela t ive growth rat e (R . G . R . ) in  rela t i on to  d i f feren t foods . 

Unfor tunately the resu l t s  do l i t t le to  explain  food qual i ty f o r  

growt h  and development  o f  � . armigera . When the i ndividual nu t rients  are  

cons i dered , t omat o  frui ts , swee t corn cobs and as ter  flowers had lower 

n i t rogen con ten t  ( abou t 1 . 9% )  than leaves ( range of  3 . 1-4 . 5% )  bu t 

f r u i t s , cobs and flowers gave much higher b iologi cal f i tness i nd i ces 

t han leaves . On the o ther hand , ar t i f i c ial d i e t  of  4 . 6% n i t rogen 

con ten t gave the highes t b i ologi cal f i tness i ndex ( close to that  o f  

t omat o  frui t s ) . There i s  also no apparent associat i on o f  b iolog i cal 

performance wi th wa ter content  o f  food wi th the pos s i ble excep t ion o f  

t oma t o  fru i t s  which had h igher wa ter  con tent  and be t ter  per formance t han 

all  o ther natural foods . Consump t i on i nd i ces  and e f f i c i ency o f  

convers ion o f  i nges ted food t o  body weigh t  var i ed considerably be tween 

foods and these parame ters  also do no t adequately explai n  rela t i ve 

grow t h  rates of  larvae o r  wei ghts  o f  pupae on the d i f ferent  foods ( see  

de tail  i n  the  d iscuss ion o f  Chap ter  6 ) . 

I t  is  �herefore evident that  nu t r i t ional factors i n  the vari ous 

foods i n f luencing i nsec t grow th  and developmen t are much more complex 

than s imply n i t rogen con tent  and dry mat ter content  ( and i ts rec i p rocal 

water  con ten t ) .  Fur ther i nves t igat i on of nu t r i t ional fac tors  i s  needed 

and should i nclude 1 )  maj or  nu t rients  requi red for growth  and 

development  2 )  minimum requi remen t for each nu t r i en t  3 )  feedi ng 

s t imulan t s  and deterren ts  a f fec t i ng in take and 4 )  secondary subs t ances 
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affect i ng development .  

4 . LARVAL FEEDING PREFERENCE 

Newly hatched f i r s t  ins tar larvae f rom a colony main tained on 

a r t i f i cial  d ie t  showed s t rong orientat ional and feed ing response for  

leaf  d i scs from lucerne over those f rom t oma t o ,  aster  and swee tco rn bu t 

preference was no t clearly expressed unt i l  the 1 2 t h  hour . S imi lar 

preferences were shown for  reproduc t ive par t s  of  plan t s  ( flowers , f rui t s  

and cobs)  but in  con t ras t ,  were exhibi ted wi thin the 1 s t  hour . Fou r t h  

ins tar  larvae rai sed on ar t i f i c i al d ie t  showed t h e  same or  closely 

s im i la r  feeding preferences as newly hatched larvae on both leaves and 

reproduct ive par ts  of  plan t s . 

These resul t s  show that larval feeding preference was inheri t ed 

and was closely correla t ed wi th the qual i ty o f  foods as expressed by a 

b iologi cal f i tness index . Thus among plant leaves , lucerne gave the 

bes t  b iolog i cal performance and was the mos t  preferred whi le swee t corn 

gave the poores t performance and was leas t preferred . Toma t o  f rui t s  

were preferred t o  swee t corn cobs and these t o  as ter f lowers . Fi tness 

indices  were in  the same order . I t  i s  apparent therefore t ha t  larvae 

are able to  respond to some propert ies of the more sui t able foods . Thi s 

behavi ou r  could be evoked by s t ronger a t t ractan t s  and feed ing s t i mulant s  

o f  food whi ch i s  o f  higher qual i ty for insec t developmen t .  

There has been much d i scuss ion in the pas t whe ther preferen t ial  

feedi ng behaviour o f  insec ts  is  determined solely by nu t r i t i onal 

requ i rements  or  by response to hos t i le chemi cals in plan t s . I t  i s  now 

generally agreed tha t bo t h  nu tr i t ional and non-nu t r i t i onal chemi cal  

fac tors  may guide insect selec t i on of  plants . The main tas te  response 
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t o  swee tness ( free sugars ) ,  ni t rogen ( protein  o r  f ree  

v i t amins , phosphol i pids and s terols ( Harborne , 1977 ; 

O ther chemi cal plan t cons t i tuen ts  known as " secondary 

plan t  subs tances" may also be impor tant  in regulat ing feed ing behav i our  

( Fraenkel , 1969 ; Schoonhoven , 1968 ) . These subs t ances may ac t as  feed ing 

a t t ractan t s  or  deterrents  to par t i cular insec t s  depend ing on how t he 

i nsect  adapt s  biochemi cally and anatomi cally to  the d iges t i on and 

ass i mi lat i on o f  plan t t issue . The maj or  c lasses of secondary plan t  

subs tances involved in  inse c t-plan t  interac t ion have been summarised by 

Harborne ( 1977 ) .  

The presen t resu l t s  showed that larvae o f  � . armigera preferred to  

feed on  t omat o  frui t s  compared to  sweetcorn cobs and sweet corn cobs 

compared t o  as t er flowers . The bi ologi cal f i tness ind i ces of these 

foods was in the same order . Toma to  frui ts  therefore no t only mee t the 

nut r i t ional requi rement s  of  this insect  but  also clearly contain  

secondary p lant subs tances which ac t as  a t t rac tants  and/or  feed i ng 

s t i mulants . In con t ras t ,  as t e r ,  t omat o  and swee t corn leaves were leas t 

preferred and were nut ri t i onally poo r .  This sugges t s  the presence o f  

feed i ng de terren ts  and/or  d iges t ive suppresants  in  t hese leaves . No 

evidence was obtained from the present work to ind i ca t e  the chem i cal  

na ture of t hese subs tances but  alkaloids ( eg .  tomat ine , demi ssine ) , 

pheno l i cs ( eg .  tannins ) and amines whi ch occur universally i n  leaves o f  

ang i osperms , especially tomatoes (Ell iger e t  al . , 1 98 1 ;  Harborne , l977 : 

Farrar and Kennedy , 1987 ) could be involved . 

I t  has been shown that feed ing preference of  larvae o f  � . armigera 

can be modi f i ed by food previ ously consumed . The s t reng th  of induc t i on 

f o r  each food is  d i f feren t and the leas t preferred food canno t overcome 

i nnate  preference for the more s t rongly preferred ones . Induc t i on o f  
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feed i ng preference was found wi th t he four d i f ferent plant species  and 

plan t par t s .  Thus leaves of lucerne , as ter  and tomato  gave s t rong 

i nduct ion of preference wh i le swee t corn leaves i nduced preference only 

i n  rela t i on to toma t o  leaves whi ch ranked close to  them i n  both food 

quali ty and ini t ial feed i ng preference . However ,  feeding preference was 

s t rongly i nduced by reproduct ive par t s  of  all plan t s  ( flowers , f ru i t s  

and cobs ) . 

These results  may help to explain why more larvae were found 

feedi ng on tomato  fru i t s , swee t corn cobs and as ter  flowers  than on 

leaves of  t hese plan t s  1n f ield plots . Hos t newly hat ched larvae 

probably feed ini t ially on hos t plant leaves as a consequence o f  

ovi pos i t ion preference . When larvae are larger t hey t end to  wander and 

t ake t es t  b i t es from o ther plan t par t s . If they f i nd more sui t able food 

by chance or through the ac t ion of a t t rac tan t s  and feed i ng s t imulan t s , 

a f ter  a sho r t  per iod feedi ng preference may be i nduced to  the new food 

( flowers , f ru i t s  and cobs ) .  The very low numbers of  larvae recorded 

f rom swee t corn leaves in the f ield may be because swee t corn leaves are 

of poor qual i ty resul t i ng in high mor t ali ty of larvae feed i ng on them 

and/or they are unable to i nduce feed i ng pre ference compared to o ther 

plant par t s . 

Fur ther i nforma t ion on secondary plan t subs t ances from hos t plan t 

s pecies and plant par t s  whi ch may ac t as feeding s t imulan t s  and 

a t t ract an t s  and feeding deter ren t s  is needed to clar i fy factors  

regulat ing feed i ng behavi our of � . armigera . A prac t i cal bene f i t from 

s uch f ind ings would be to  ass i s t  plan t breeders i n  developing new plan t 

var i e t i es · whi ch possess res i s t ant  prope r t i es . 
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5 . 0VIPOSITION PREFERENCE 

Under caged greenhouse cond i t ions � . armigera mo ths laid  eggs on 

all  par t s  o f  plan t s  and on non-living subs t ra tes surround i ng the plan t s  

bu t showed s t rong preference for the upper halves o f  all tes t plan t s  

( 73-85% of  eggs laid ) . Patel e t  al . ( 1974 )  recorded s imilar  resul t s  on 

cot ton plan t s . H i llhouse and Pi t re ( 1976 ) and Jackson e t  al . ( l983 ) also  

found that � . v i rescens and � . zea ovi pos i ted pre feren t i ally on the upper 

halves o f  co t t on , soybean and tobacco plan t s . 

Thi s  preference for the upper par t s  o f  plants  may be i n fluenced by 

food avai lab i l i ty  for mo ths , as they feed on f loral nec tar , bu t could 

also be affec t ed s imply by plan t  heigh t .  F irempong( 1986 ) demons t ra t ed 

that  the heigh t  o f  hos t plan t s  had a s t rong i nfluence on ovi pos i t ion by 

� . armigera as mos t eggs were laid on plan t s  that  were ar t i f i c ially 

elevat ed than on lower ones . Preference for the upper par t s  of plan t s  

may also be due t o  the flying behavi our  and s e t t li ng hab i t o f  mo t hs 

themselves because i t  was observed that mo t hs Usually res ted near the 

tops o f  plan t s  and s ome t imes on the upper par t s  o f  experimen t al cages . 

As w i th plan t s , more eggs were observed on the upper par t s  of  non- l i v i ng 

subs t ra t es than on the lower par t s . I t  seems therefore tha t  these 

fac tors  may be more i mpor tant than any plan t charac teris t i cs .  

Leaves of all four hos t plan t s  tes ted were preferred ovi pos i t ion 

s i tes  compared t o  o ther plant par ts  and s tems were leas t preferred 

excep t for aster . These resul t s  are simi lar t o  those o f  Mabbe t t  and 

Nachapong( l984 ) and Patel et al . ( 1974 ) for � . armigera and for  

H . v irescens and H . zea (Alvarado-Rodriguez e t  al . , 1982 ;  Farrar  and 

Bradley , 1985 ; H i llhouse and P i t re ( 1976 ) ; Jackson et al . , 1983 ; Pencoe 

and Lynch , 1982 ; Snodderly and Lambdin , 1982 ) . However ,  Broadley ( 197 7 ) ,  

Hardw i ck ( 1965 ) , Johnson e t  al . ( 1975 ) , Lingren e t  al . ( 197 7 )  and Neun z i g  
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( 1969 ) reported that  � . armigera ,  � . vi rescens and H . zea preferred t o  lay 

eggs on f lowers rather than leaves . 

Surface t ex ture of  subs t rates  may play an i mpor tant role i n  

ovi pos i t ion preference of  Hel io this  species . Hai ry or  rough- textured 

surfaces i . e .  leaves of  all four tes t plan t s  and as t e r  s t ems a t t ract  

more ovi pos i t ion but smoo th  surfaces such as  tomato f ru i t s , tomato  and 

swee t corn s tems were no t sui table ovi pos i t ion s i tes . Callahan ( 1957 ) 

sugge s ted t hat v i llous surfaces were the bes t sui ted t o  H . zea mo ths for 

mai n taining a foo thold . Hassan ( 1985 ) also reported t ha t  hai ry surfaces 

a t t rac t ed more ovi pos i t ion by � . armigera . General morphology o f  plan t 

par t s  may also influence ovi pos i t ion preference . Flat  par t s , for 

example leaves , flowers and f lower buds o f  as ter  seem t o  be preferred . 

Mabbe t t  and Nachapong( 1984 ) also showed that  � . armigera laid eggs 

preferen t ially on the f lat  par t s  of co t ton plan ts  such as leaves and 

leafle t s . 

The f lowering s tate  o f  plan t s  may 

preference of  � . armigera .  O n  i mma ture 

also af fec t ovi pos i t i on 

plants ( no flowers ) ,  mo ths 

preferred to  ovi pos i t  on lucerne rather than tomato ,  as ter  and swee t corn 

plan t s  but  on ma ture plan t s (wi th  flowers , f rui ts  and cobs ) mo ths 

preferred as ter t o  swee tcorn , toma to and lucerne plan t s . Thi s  may be 

because of  adult  food avai lable f rom flowers both before and duri ng 

ovipos i t ion . 

Thi s  aspec t o f  ovi pos i t ion behaviour of  Hel io this  has been widely 

i nves t i ga t ed and many workers have commen t ed on the coi n c idence o f  peak 

ovi pos i t i on w i th peak f lowering ,  nectar produc t ion and s i lk forma t i on i n  

maize ( Alvarado-Rodriguez e t  al . , 1982 ; Coaker , 1965 ; F i rempong , 1986 ; 

Hardwi ck , 1965 ; Neunz i g , 1969 ; Nu t tycombe , 1930 ) . The pre sence o f  

ex t ra-floral nec tar in  cot ton i s  closely correlated wi t h  ovi pos i t i on 

preference and ovi pos i t ion s i te selec t i on (Y ilson , 1983 ; Zalucki e t  
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al . , 1 986 ) . However , ovi pos i t ion occurs o n  pre-f lowering s tages o f  

soybeans , co t ton and tobacco and a t  any s t age o f  sun flowers , tomat oes  

and lucerne ( Broadley , 1978 ; Yardhaugh e t  al . , 1980 ) . 

Odours o f  hos t plan t s  also affec t ovi pos i t i on preference o f  

� . armigera as muslin  covered ma ture plan t s  gave the same order of 

preference as uncovered plan t s  wi th as ter the mos t  at t rac t ive and 

lucerne t he leas t .  No evidence was obtained to  i ndi cate the sources o f  

odours from each plant or  the i r  na ture . Fle t che r ( 1941 ) and H i llhouse 

and P i t re ( 1 976 ) have previ ous ly reported that odours emana t ing f rom 

plan t s  a t t ract  � . zea mo t hs and s t imulate ovi pos i t i on .  Cullen ( 1969 ) , 

however concluded that chem i cals cues , the avai lab i l i ty of  adu l t  food 

and humidi ty  were no t impor tan t  for � . punc t igera i n  select i ng an 

ovi pos i t ion s i te and sugges t ed that surface t ex ture was the pr inc i pal  

cue . 

I t  may be sugges ted from the resul t s  reported here and f rom 

Zalucki e t  al . ( 1986) that on both flowering and pre-flower i ng plan t s  

ovi pos i t ion preference i s  i n fluenced primarily by the follow i ng fac tors  

1 )  surface t exture of  subs t rates 2 )  avai lab i l i ty o f  food ( nectar )  for  

adu l t s  and 3 )  chemi cal cues ( especially odours ) whe ther emanat ing f rom 

r eprodu c t ive par t s  or leaves of hos t plan t s . I t  i s  also clear that  the 

mai n  ovi pos i t ion s i tes are not  necessar i ly the mai n  feedi ng s i tes for  

larvae . A compari son o f  ovi pos i t i on s i tes and feed i ng preferences o f  

� . armigera on d i f ferent plan t s  i s  given in  Table 8 . 1  and shows that  

ovi posi t ion preference is  no t associated wi th  qual i ty o f  the larval 

food . 



Table 8 . 1  Ovi pos i t ion preference and feeding preference by 

� . armigera larvae on four hos t plan t s . 

Plan t 

Lucerne 

Toma t o  

As ter  

Swe e t  corn 

Ovi pos i t i on Feed i ng s i t e  

preference preference 

Feed i ng 

preference 

( in greenhous e )  ( in f ield plo t )  ( in labora tory )  

Leaves 

Leaves 

Leaves 

Leaves 

Hardly observed No t avai lable 

Fru i t s  Fru i t s  

Flowers Flowers  

Cobs Cobs 
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However ,  a s  larvae are able to selec t food o f  h igher qual i ty t h i s  

implies tha t larval feed i ng p reference and adul t  ov ipos i t ion preference 

are d e t e rmi ned by two separate  gene complexes . A prac t i cal bene f i t  o f  

the s tudy i s  that exami na t i on o f  plan ts i n  the f i eld to de termine  egg 

popula t ions should be concen t ra ted on those par t s  of plan t s  where eggs 

prefer  to be laid rather than where larvae are found . 

6 . CONCLUDING REMARKS 

I t  has been clearly demons t ra ted in this  thes i s  that hos t plan t s  

species  and plan t par t s  vary cons iderably in  larval food qual i ty as 

measured by larval growth  rate , percen tage survi val and adul t  fecund i t y .  

Such d i f ferences i n  food qual i ty mus t af fec t the abi l i ty o f  f ield  

popula t i ons t o  develop on d i f feren t plan t s  as  expres s ed in  a b i o logical  
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f i tness index . 

However ,  ov i pos i t i on preference o f  adul t s  for par t i cular plant 

species and plan t par t s  was no t always closely correlat ed w i th larval 

food qual i ty .  Th i s  sugges t s  that in the f i eld other add i t i onal fac t o rs 

may be i nvolved such as ac t i vi ty and e f fe c t i veness o f  na t u ra l  enem i e s  

whi ch were excluded f rom laboratory exper i men t a t ion . 

The ease o f  induc t i on o f  larval feed ing preference i n  � . armigera 

sugges t s  that larval feed ing behav i ou r  may be to some ex ten t f l e x i b l e . 

Vhe ther larvae could develop the abi l i ty t o  u t i lise less sui table foods 

more e f fec t i ve ly given t i me remains to be determined . 

Knowledge o f  ov i pos i t i on p r e f erence be tween crop s pe c i e s  and 

larval food qual i ty as determined here for tomato , luce rne , as t e r  and 

sweetcorn could ass i s t  in the formula t i on o f  to tal popula t i on managemen t 

s t rategies f o r  Hel i othi s .  

. . 
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APPENDICES 

Append ix  1 Food plan t s  o f  Hel io this  s pec i es . 

Ref erences : 1 , Alma ( 1 97 7 ) ;  2 , Ca tes ( 1981 ) ;  3 , Chhabra e t  al . ( 1986 ) ;  

4 , Common ( 1953 ) ;  S , Dav i dson( 1931 ) ;  6 , Dhandapani  and Balasubramanian ( 198 1 ) ;  

7 , Eger e t  al . ( 1982 ) ;  8 , Gaski n ( 1966 ) ;  9 , Graham e t  al . ( 1972 ) ;  10 , Hi l lhouse 

and P i t re ( 1976 ) ; 1 1 , Jackson et al . ( 1984 ) ; 1 2 , Kareem e t  al . ( 1970 ) ; 

1 3 , Ki rkpa t ri ck ( 196 1 b ) ; 14 , Liapis e t  al . ( 1984 ) ; 1 S , Lopez e t  a l . ( 1984 ) ; 

16 , Myres ( 1921 ) ;  1 7 , Neunz ig ( 1963 ) ;  18 , Paulian e t  al . ( 1985 ) ; 1 9 , Pearson 

( 1958 ) ;  20 , Pencoe and Lynch ( 1982 ) ; 2 1 , Rai ( 19 7 3 ) ; 22 , Rembold and Tober 

( 1985 ) ;  23 , Si ddappaj i ( 1972 ) ;  24 , Sinha and Chakra bat i ( 1985 ) ; 2S , Si ngh et al . 

( 1982 ) ;  26 , S tadelbacher ( 1 979 ) ; 27 , Vad i levu e t  al . ( 1976 ) ; 28 , Valen t i ne 

( 1 9 75 ) ;  29 , Yids t rom e t  al . ( 1979 ) ;  30 , Zalucki et al . ( 1986 ) ; 3 1 , Zong ( l 984 ) . 

Bo t an i cal name Common name 

Acan thaceae 

Crossandra 

in fund i bu l i formis  crossand ra 

Rue ll ia  runyoni i  monkey plan t 

A i zoaceae 

T r i anthema p i losa p igweed 

T r i anthema por tulacas t rum b lack p igweed 

Hel i o th is  spp . References 

armigera 27  

armigera 9 

v i rescens 9 

zea 9 

punc tigera 1 3  

armigera 1 3  



Zaleya galer i culata  

Amaran thaceae 

Amaran thus gange t i cus 

Amaran thus in terruetus 

Amaran thus pan i culatus 

Amaran thus polygamus 

Amaran thus spp . 

Amaran thus thunbergi i 

Amaran thus t r i s t i s  

Amaran thus v i r idus 

Gomphrena globosa 

Anacard i aceae 

Mangi fera ind i ca 

Balsaminaceae 

Impa t i ens balsamina 

Bignon i aceae 

Tecomaria  capen s i s  

Boragi naceae 

Echium plan tagineum 

hogweed 

amaran th  

amaran th  

amaran th  

amaran th 

amaran th  

amaran th  

amaran th  

amaran th 

g lobe amaranth 

mango 

balsam 

pun c t igera 1 3  

punc t igera 30 

armiB:era 1 2  

punc t iB:era 1 3  

armiB:era 1 2  

armigera 1 2  

zea 1 7  

armigera 1 2  

armi�era 1 2  

arm igera 1 2  

punct igera 30 

armigera 23  

punc t igera 30 

cape honeysuckle a rmigera 30 

Paterson ' s curse armigera 30 

punc t igera 30 
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Cannaceae 

Canna i nd i ca 

Cappar idaceae 

Cleome vi scosa 

Car i caceae 

Car i ca papaya 

Caryo phy l laceae 

Dian thus caryophyl lus 

Cheno pod iaceae 

Be t a  vulgaris  

Chenopod ium album 

Che nopod i um polygono ides 

Chenopod ium t r iangulare 

Rhagod ia  has ta ta  

Sal  sola kal i  

Compos i tae 

Arc to theca calendula 

Bi dens pi losa 

Ca lendula s p .  

Cal l i s tephus chi nens i s  

Calo t i s  lappulaceae 

Car t hamus lana tus 

Car t hamus t inc tor ius 

canna 

t i ckweed 

pawpaw 

carna t ion 

bee t roo t 

fat  hen 

sal tweed 

f i sh weed 

berry sal tbush 

so f t  roly-poly 

capeweed 

cobbler ' s  pegs 

marigold 

as ter  

dai sy burr 

saf fron thi s t l e  

saf flower 
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punct igera 30 

punct igera 30 

armigera 

armigera 13  

punct igera 4 

armigera 30 

punc t igera 30 

armigera 30 

Hel i o th i s  spp . 30 

Hel io this  s pp . 30 

Hel io this  s pp . 30 

Hel io this  spp . 30 

punc t igera 30 

Helioth i s  s pp . 30 

punc t igera 4 

Hel io this  spp . 30 

Hel io this  s pp . 30 

armigera 30 

armigera 1 3  

punc t igera 1 3  
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C o n y z a  canaden s i s  f l ea bane H e l i o t h i s  s p p . 30  

D ah l i a  p i n n a t a  d ah l i a  a r m i ge ra 30 

E u p a t o r i um a d e n o p h o rum hemp ag r i mony H e l i o t h i s  s p p .  30 

Ga l i ns oga c i l i a t a  ga l i n s oga weed a r m i ge ra 2 1  

Ga l i ns oga par v i  f l o r a  po t a t o-weed a r m i gera 2 1  

G e r b e r a  j a meso n i i g e r b e ra arm i gera 1 3  

G n a p h a l i u m j a pon i c u m  c u d  weed H e l i o t h i s  s p p .  30 

G u i z o t i a  aby s s i n i c a N i ge r  s e ed punc t i ge r a  30 

H e l i an t h us ann u s  s un f l ow e r  a r m i gera 30 

pun c t i ge r a  13  

v i r i p l a c a  18 

H e l i a n t h u s  s p .  s un f l ower z ea 9 

H e l i c h rysum s p p .  e v e r l as t i ng s  punc t i ge r a  30 

L a c t u c a  sa t i v a l e t t u c e  arm i gera 1 3  

La c t u c a  s e r r i o l a p r i ck l y  l e t t u c e  H e l i o t h i s  s p p .  30 

R a t i b i d a c o l u m n a r  i s  c one f l owe r v i r e s c ens 9 

S i ge s b e c k i a  o r i en t a l i s  i n d i an weed r u b r e scens 1 3  

Son e h  us o l e ra c eu s  s ow t h i s t l e a rm i gera 19 

T r i d ax p r o c u m bens t r i d ax d a i s y  a rm i ge r a  19 

Xan t h i um p i n na t a  noogoora b u r r  pun c t ige r a 1 3  

Xa n t h i um sp i no s a  ba t hur s t  b u r r  He l i o t h i s  s pp .  30 

Z i n n i a  e l egans common z i nn i a  punc t i ge r a  30 

C o n v o l vu l a c e a e  

I p omoea aqua t i ea po t a t o  v i ne punc t i ge r a 30 

I pomoea c o r d o f ana morn i ng g l o r y  a r m i ge r a  13 

I p omoea pu r pu r ea m o r n i ng g l o ry v i r e s c e n s  17 

O p e r c u l i na t uq�e t h um o n i o n v i ne pun c t i g e r a  30 
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Cruci ferae 

Bras s i ca campes t r i s  brown sars on punc t igera 30 

Bras s i ca j� i nd i an mus t a rd pun c t igera 30 

Brass i ca nap us rape armigera 30 

punct igera 30 

Brass i ca nigra black mus tard armigera 30 

pun c t igera 30 

Brass i ca oleracea cabbage armigera 1 3  

pun c t igera 1 3  

caul i flower punct igera 30 

broccoli  armigera 30 

Bras s i ca rap a turnip armigera 30 

Brass i ca s p .  cho i s i m  punct igera 30 

Capsella bursa-pas toris  Shepherd ' s  purse Hel i o this  spp . 30 

Lepid ium hys sopi forium pepper cress Heli o this  spp . 30 

Mathi ola i ncana g i l l y f l ow e r  pun c t ige ra 30 

Cucurbi taceae 

Ci t rullus lan tanus melon armigera 30 

punc t igera 30 

Ci t rullus �ana tus wa termelon punc t igera 1 3  

Ci t rullus vulgar i s  wa termelon armigera 24 

punct igera 1 3  

Cucumis  melo rock melon punct igera 30 

Cucumis  sa t iva cucumber punct igera 30 

Cucurb i ta moscha ta  pumpkin armigera 12  

squash punc t igera 30 

Cucurbi ta  pepo pumpkin armigera 8 

punc t igera 30 

marrow punc t igera 30 
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Lagena r i a  s i cerari a  bo t t l e  gourd armigera 24  

Tr i chosan t hes angui na snake gourd armigera 12 

Euphorbi aceae 

Acalypha h i sp ida cheni ll e  plan t armigera 30 

punc t igera 30 

Acalypha w i lens ia  copper-leaf armigera 30 

punct igera  30 

Lep topus decai snei punc t igera  30  

R i c i nus communi s  cas tor  bean armigera 30 

Fabaceae 

Schrankia  la t i dens morong i a  vi rescens 9 

Geran i aceae 

Geran i um d i ssec tum c ranesbi ll vi rescens 26 

zea 26  

Pelagon i um rodneyanum gerani um punc t igera 30 

Gramineae 

Avena s a t iva o a t  armigera 4 

Eleus i ne coracana ragi armigera 2 1  

Hordeum vulgare barley armigera 30 

Oryza s a t iva r i ce punc t igera 30 

Pan i cum m i l iaceum F rench mille t  armigera 13 

Penn i s e t um ameri canum pearl  m i llet  armigera 25 

Sorghum spp . sorghum armigera 13 

v i rescens 9 

�ea 9 
� 

Tri t i cum aes t i vum wheat  armigera 30 



Zea mays 

Hyperi caceae 

Hyperi cum perforatum 

I r idaceae 

Gladiolus s p .  

Juglandaceae 

Juglans s p .  

Laminaceae 

Lamium amplexi caule 

Origanum vulgare 

Salvia reflexa 

S t achys sp  .. 

Leguminosae 

Alys i carpus vaginal is  

Arach i s  hypogaea 

A tylos ia scarabaeo ides 

Caj anus caj an 

punc t igera 30 

mai z e ,  armigera 1 3  

swee t corn pun c t igera 1 3  

v i r i placa 18 

zea 2 9  

S t  John ' s  wor t  punc t igera 4 

glad i olus armigera 1 3  

punc t igera 1 3  

walnu t 

deadne t t le  

wild marj o ram 

min tweed 

s tachys 

alyce clover 

peanu t 

armigera 

punc t igera 

armigera 

punct igera 

punct igera 

punc t igera 

armigera 

zea 

wild p igeon pea armigera 

pigeon pea , armigera 

gram v i rescens 

zea 

3 1  

3 0  

3 0  

30 

30 

30 

30 

20 

2 2  

1 3  

15  

15 
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Cen t rosema pubescens cen t ro armigera 30 

Cicer  arie t i num ch i ck pea armigera 13 

Dale  a pogonathera prai r i e  clover vi rescens 9 

Desmod i um s p .  t i ck c lover v i rescens 17  

zea  17  

Dol i chos lablab lablab , lubia armigera 6 

Glyc i ne max soy bean armigera 26 

punc t igera 13 

vi rescens 10 

v i r i placa 18 

zea 10 

La thyrus odora tus swee t pea v i r i placa 18 

La thyrus sat ivus khessar i armigera 13 

Lup i nus angus t i fol ius blue lupin punc t i se ra 30 

Lup i nus arborea yellow lupi n  armigera 1 

Lup i nus texens i s  Texas- v i rescens 7 

blue bonne t zea 7 

Macrop t i l ium la thyro ides phasey bean armigera 30 

punc t igera  30 

Med i cago den t i culata bur r , med i c  armigera 13 

Med i cago 9a t iva lucerne armigera 16  

punct igera 4 

v i riplaca 

Phaseolus vulgar i s  k idney bean armigera 30 

v i riplaca 18 

P i s um s a t i vum garden pea armigera 1 3  

punc t igera 13  

Sesbania  campylocarpa sesbans punc t igera 30 

Ses ban ia  cannabina sesbania pea armigera 30 

punc t igera  30  



Sesbani a  erubescens 

S t izolobium deeringianum 

S tylosan thes humi l i s  

T r i fol i um repens 

T r i fol i um pratense 

V i c i a  benghalens i s  

V i c i a  sa t i va 

V i c i a  v i l losa 

Vigna rad iata  

Vigna sesqui pedales 

Vigna ungui culata 

L il iaceae 

All ium f i s tulosum 

Asparagus o f f i cinal i s  

Sansev i era sp . 

Li naceae 

Linum us i ta t i ss imum 

L inaria  canadens i s  

Malvaceae 

Abelmoschus esculen tus 

Abelmoschus f i culneus 

Abu t i lon i nd i cum 

sesbans 

velve t bean 

Townsvi lle-

lucerne 

whi te c lover 

red clover 

purple ve tch 

common ve tch 

Russ i an ve t ch 

mung bean 

snake bean 

cowpea 

oni on 

asparagus 

hemp 

linseed , 

l i nen flax 

toad f lax 

okra 

nat ive rosella 

Ind i an latern 

pun c t igera 

pun c t igera 

pun c t igera 

armigera 

v i r i placa 

armigera 

punc t igera 

pun c t igera 

punc t igera 

armigera 

punc t igera 

armigera 

armigera 

pun c t igera 

armigera 

armigera 

punc t igera 

v i r i placa 

v i rescens 

armigera 

30 

30 

30 

1 6  

1 3  

2 8  

30 

30 

30 

3 

30 

30 

24 

30 

19 

5 

4 

18 

17  

13  

pun c t igera 1 3  

pun c t igera 30 
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Abu t i lon o tocarpum 

Abu t i lon oxycarpum 

Abu t i lon t ri sulcatum 

Al t haea o f f i c i nalis  

Gossypium h i rs u tum 

H i b i s cus cannabinus 

H ib iscus esculent us 

H ib iscus rosa-s inen s i s  

Hi bi scus sabdari f fa 

H ib i scus t r i onum 

Malva parv i flora 

Malvas t rum t r i cuspida t um 

Malvavi s c�s d rummond i i  

S ida cord i fol ia  

Sida re tus a  

S ida rhombi folia 

S ida s p i nosa 

Mar tyniaceae 

Ib icella parod i i  

flower 

deser t  Chi nese  

la  tern 

flannel weed 

flower i ng maple 

marsh mallow 

co t ton 

kenaf 

okra 

hibi scus 

rosella 

bladder ke tmia  

mallow 

false mal low 

achania  

flannel weed 

paddy ' s  lucerne 

s i da 

sp iny s ida 

yellow- f lower 

2 10 

punc t igera 30 

punc t igera 30 

punc t igera 30 

v i rescens 9 

zea 9 

punc t igera 30 

armigera 1 3  

d i psasea 19  

pel t igera 1 9  

punc t igera 1 3  

vi rescens 1 4  

z ea 1 4  

armigera 30 

armi�era 13  

punc t igera 1 3  

armigera 30 

armigera 30 

zea 9 

armigera 19  

vi rescens 9 

armigera 30 

Heliothis  spp . 30 

assul ta 17  

vi rescens 1 7  

punc t igera 30 

molochi t i na 2 



Melas tomaceae 

Rhexi a  al i fanus 

Rhexia  mar i anus 

Rhexi a  nashi i  

Meli aceae 

Owenia  acidula 

M imosaceae 

Nep t unia monosperma 

Moraceae 

F i cus pla typoda 

Musaceae 

Musa acuminata 

Musa paradisiaca 

Musa s p .  

Myoporaceae 

Eremophi la g i les i i  

Eremoph i la longi fol i a  

Myr taceae 

Eucaly p tus spp . 

Melaleuca incana 

Nyc taginaceae 

deergrass 

deergrass 

deergrass 

emu apple 

nat ive sens i t ive 

plan t 

f ig 

v i rescens 

vi rescens 

vi rescens 

pun c t igera 

pun c t igera  

pun c t igera 

cavendi sh banana armigera 

banana 

banana 

green turkey 

bush 

berrigan 

eucalyptus 

tea t ree 

pun c t igera 

armigera 

punct igera 

punc t igera 

armigera 

armigera 

17 

17  

17  

30 

30 

30 

1 3  

30 

30 

30 

30 

8 

30 

2 1 1  



B o e r ha v i a  d i f f u s a  

O n a g r a c eae 

G a u ra parv i f l o ra 

J u s s i a ea d e c u r r ens 

O x a l i d a c eae 

O xa l i s  pes - c a prae 

P a pave r aceae 

P a p a v e r  nud i c a u l e  

P a p a v e r  s omn i f e rum 

P a s s i f l o ra c e a e  

P a s s i f l o r a  ed u l i s  

P a s s i f lo r a  f oe t i d a 

P e d a l i a c eae 

J o s e p h i na euge n i ae 

Se s a m um i m:l i c um 

P i naceae 

P i nu s  rad i a t a  

P o l yg o naceae 

Rumex s p . 

P o r t u l a c a c e a e  

P o r t u l aca grand i f l o r a  

t a r v i n e 

c l o c k-weed 

p r i m r o s e - v i  l l ow 

s o u r  sob 

I c e land p o p py 

o p i um poppy 

p a s s i on f r u i t 

pa s s i on - f l ower 

J o s e p h i na b u r r  

s e s ame 

rad i a t a  p i ne 

d o c k  

r o s e-mo s s  

pun c t i ge r a  

v i r e s c e n s  

z e a  

pun c t i g e r a  

p un c t i g e r a  

a r m i ge r a  

30 

9 

1 7  

30 

30 

30 

p u n c t i g e r a  30 

a r m ige r a  

v i r e s c e n s  

p un c t i ge r a  

a rm i ge ra 

pun c t i ge r a -

a r m i ge r a 

p u n c t i ge r a  

pun c t i ge ra 

30 

9 

30 

1 2  

30 

1 

30 

30 

2 1 2  



Por tulaca f i l i folia  

Por t ulaca oleracea 

Por t ulaca tube rosa 

Por t u laca s p .  

Pro t eaceae 

Macadami a  in tegr i folia  

Macadamia  t e t raphylla 

Resedaceae 

Reseda luteola 

Rosaceae 

Ameni aca vulgaris  

Fragaria  sp . 

Malus domes t i ca 

Malus sylves t r is  

Prunus domes t i ca 

Prunus pers i ca 

Rosa s p .  

Ru taceae 

C i t rus l imon 

C i t rus s inens is  

Xan thoxylum amer i canum 

p igweed 

pigweed 

pigweed 

pigweed 

macadamia  nu t 

Queensland nut 

wi ld mignone t t e  

apr i co t  

s t rawberry 

apple 

crab apple 

plum 

peach 

rose 

lemon 

o range 

p r ickly ash 

a rmigera 

punc t igera  

armigera 

punc t igera 

punc t igera 

armigera 

armigera 

30 

30 

1 9  

30 

30 

30 

30 

punc t igera 30 

armigera 30 

punc t igera 4 

armigera 1 3  

punc t igera 1 3  

armigera 5 

punc t igera 4 

punct igera 30 

punc t igera 30 

armigera 30 

punc t igera 30 

armigera 30 

punct igera 30 

armigera 30 

armigera 13 

armigera 3 1  

2 1 3  
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Scrophulariaceae 

An t i rrhi num majus 

Cas t i l lej a ind i v i sa 

Verbascum v i rgat um 

Solanaceae 

Capsi cum frutescens 

Da t ura lei chhard t i i  

Da t ura me tel  

Lycopers i con esculen t um 

Ni candra physalo ides 

N i co t iana noc t i f lora 

N i co t iana repanda 

Nicot iana tabacum 

Pe tunia  x hybrida 

Physalis  minima 

Physalis  peruvi ana 

Physal i s  v i rginiana 

snapdragon 

Texas-

pain t brush 

mul lein  

caps i cum 

thornapple 

thornapple 

t oma to  

apple of  Peru 

t obacco 

wi ld t obocco 

t obacco 

petunia 

armigera 30 

punc t igera 30 

v i rescens 7 

zea 7 

phloxi phaga 7 

armigera 30 

punct igera 30 

punc t igera 30 

armigera 12 

armigera 13  

assul ta 13  

punc t igera 13  

zea  19 

armigera 19  

molochi t ina 2 

v i rescens 9 

zea  9 

armigera 1 3  

assul ta 4 

punc t igera 1 3  

v i rescens 1 1  

armigera 30 

punc t igera 30 

w i ld gooseberry assul t a  1 3  

cape gooseberry assulta  4 

ground cherry Helio this  spp . 30 

2 1 4  



Solanun echinatum 

Solanum elaeagni fol i um 

Solanum melongena 

Solanum t uberosum 

T i l i aceae 

Corchorus ol i t orius 

Ur t i caceae 

Ur t i ca s p .  

Verbenaceae 

Verbena b i p i nnat i f i da 

Verbena bonar i ens i s  

Verbena neomexicana 

Verbena o f f i c inal i s  

Vi t aceae 

Vi t i s v i n i fera 

Zingi beraceae 

Z ingi be r  o f f i cinale  

Zygophyllaceae 

nigh t  shade 

eggplan t 

po tato  

j u t e  

s t i nging ne t tle 

vervian 

purple top  

verbena 

common verbena 

grape 

ginger 

Kalls t roemia  t r ibuloides cal t rop . 

Tr ibulus terres t r i s  punc ture v i ne 

punc t igera 

v i rescens 

zea 

punc t igera 

armigera 

punct igera 

punct igera 

punc t igera 

v i rescens 

zea 

Hel io this  spp . 

v i rescens 

zea 

Heliothis  s pp . 

armigera 

armigera 

molochi t ina  

molochi t i na 

30 

9 

9 

30 

30 

30 

30 

30 

9 

9 

30 

9 

9 

30 

1 3  

3 0  

2 

2 

2 1 5  
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Zygophyllum s p .  

cal t rop  

twinleaf 

Heli o th i s  spp . 3 0  

Hel i o this  spp . 30 

2 1 6  
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2 1 7  

Appen d i x  2 The compos i t i o n  o f  t he f o r mu la t ed d i e t  f o r  � . a r m ige r a . 

s oaked k i dney bean 2133  g 

d r i e d b r ewe r y  y e a s t 320 g 

a s c o r b i c  a c i d  20  g 

me t hy l  p- hyd r o x y b e n z o a t e  1 0  g 

f o r mald ehyde 20 m l  

aga r 126  g 

c h o l e s t e r o l  0 . 5  g 

d i s t i l l ed wa t e r  6400 ml 



Appendi x 3 .  Percent of egg s l a i d by !:!_. a nn i g era o n  l uc erne . 

Days Fl owers Leaves Stems P l ants Leaf surfaces 

Upper Lower Upper Lower 
h a l f  ha l f  

1 29 . 4 66 . 7  3 . 9  90 . 5  9 . 5  7 2 . 4  27 . 6  

2 12 . 7  84 . 9  2 . 4  82 . 7  1 7 . 3 66 . 9  3 3 . 1 

3 4 . 8 90 . 0  5 . 2  79 . 8  20 . 2  79 . 5  20 . 5  

4 12 . 0  7 1 . 6  1 6 . 5  86 . 6  1 3 . 4 89 . 1  10 . 9  

5 20 . 4 77 . 5 2 . 1  79 . 0  2 1 . 0  90 . 4  9 . 6  

6 10. 7 88 . 4  0 . 9  94 . 0  6 . 0  85 . 5  14 . 5  

7 9 . 3 82 . 9  7 . 8  88 . 6  1 1 . 4  82 . 5  17 . 5  

8 7 . 0  9 1 . 5  1 . 5  87 . 6  1 2 . 4  86 . 1  13 . 9  

9 10 . 6  82 . 5  6 . 9  82 . 4  17 . 6  79 . 9  20 . 1  

1 0  6 . 8 92 . 0  1 . 2  7 1 . 4  28 . 6  64 . 3  35 . 7  

1 1  18. 4 74 . 9  6 . 7  90 . 4  9 . 6  63 . 4  36 . 6  

1 2  16 . 8  80 . 7  2 . 5  9 1 . 5  8 . 5  59 . 4  40 . 6  

Mean 1 3 . 2 82 . 0  4 . 8  85 . 4  14 . 6  7 6 . 6  23 . 4  

:\) 
_, 
c.o 



Append i x  4 .  Percent o f  eggs l a i d  by !!· annigera on toma to . 

Days F l owers Fru i ts S tems leaves 
Plants 

Upper hal f Lower hal f 

1 2 1 . 4  3 . 8  0 . 5  73 . 3  68. 5 3 1 . 5  

2 1 1 . 6 4 . 7  1 . 2  82 . 5  78 . 0  22 . 0  

3 31 . 4  6 . 5 2 . 3  59 . 8  80 . 1  19 . 9  

4 14 . 3  1 . 4  3 . 7 80 . 6  90 . 1  9 . 9 

5 1 8 . 3 3 . 6  2 . 2 7 5 . 9  7 3 . 5 2 6 . 5  

6 23 . 0  2 . 3  5 . 4  69 . 3  83 . 7  1 6 . 3 

7 18 . 8 4 . 7  3 . 7 7 2 . 8  80 . 4  1 9 . 6 

8 16 . 9 5 . 0 1 . 1  77 . 0 81 . 3  1 8 . 7 

9 9 . 6  4 . 7  2 . 4  83 . 3  9 1 . 3  8 . 7  

1 0  1 5 . 9 9 . 7  3 . 4  7 1 . 0 6 3 . 5  3 6 . 5  

1 1  1 1 . 2  8 . 4  1 . 1  79 . 3  69 . 9  30 . 1 

1 2  8 . 1 5 . 3  1 . 9  84 . 7  88 . 3  1 1 . 7 

Mea n 1 6 . 7  5 . 0  2 . 4 7 5 . 9  79 . 1 2 0 . 9  

leaf surfaces 

Up per · Lower 

74 . 3  25 . 7  

68. 6 30 . 4  

79 . 4  20 . 6  

84 . 5  1 5 . 5  

88 . 0 1 2 . 0  

7 1 . 6 2 8 . 4  

80 . 4 1 9 . 6  

7 5 . 5  24 . 5  

60 . 4  39 . 6  

7 1 . 1  2 8 . 9  

90 . 0  1 0 . 0  

7 2 . 5  2 7 . 5  

76 . 3  2 3 . 7  

' ) � 
' .;) 



Appe nd i x  5 .  Percent of eggs l a i d  by H .  armigera on aster. 

Days F l owers F l ower Stems leaves L ea f  surfaces 
buds and Plants 

ea 1 i ces 

Upper h a l f lower hal f U pper Lower 

1 5 . 4  18 . 3 28 . 0  48 . 4  74 . 6  2 5 . 4  66 . 2  37 . 8  

2 1 . 5  5 . 1  39 . 7 5 3 . 7  6 1 . 5  38 . 5 6 1 . 6  38 . 4  

3 1 . 5  6 . 2  50 . 7  41 . 6  6 1 . 2  38 . 8  4 1 . 4  58 . 6  
4 1 4 . 7  2 . 9  41 . 2  41 . 2  79 . 4  20 . 6  83 . 9  16 . 1 

5 5 . 1 8. 5 27 . 1 59 . 3 71 . 2 2 8 . 8 65 . 7  34 . 3  

6 6 . 0  1 5 . 9  22 . 3 55 . 8  6 7 . 3 32 . 7 50 . 0  50 . 0  

7 0 . 6  7 . 8  28. 3 6 3 . 3  64 . 3 3 5 . 7  52 . 9 47 . 1 

8 3 . 7 6 . 3  24 . 5  6 5 . 5 7 7 . 3 2 2 . 7 48 . 3  5 1 . 7 

9 5 . 1 2 2 . 8  14 . 0  58 . 1  72 . 8  27 . 2 59 . 5  40 . 5  

1 0  1 8 . 0  1 3 . 9 16 . 2  5 1 . 9  84 . 0  1 6 . 0  5 7 . 9  42 . 1  
1 1 3 . 4 8 . 0 3 1 . 6  5 7 . 0  80 . 4  1 9 . 6  4 6 . 2  5 3 . 8  
1 2  9 . 1 8 . 2 30 . 0  52 . 7 87 . 0  1 3 . 0  38 . 1  6 1 . 9  

Mea n  6 . 2  1 0 . 3  29 . 5  5 4 . 0  7 3 . 4  26 . 6  5 5 . 6  4 4 . 4  

I"'J ' '\) 
0 



Appen di x __§_. P e rc e n t  of eggs l a i d  by !:!.· a nn igera on swe etcorn . 

Days Ears Ta s s e l s S tems Leaves P l ants Leaf s u rfaces 
and 

l eaf 
sheaths U pper ha l f  Lowe r Ha l f  Upper Lowe r 

1 1 1 . 6  8 . 4  2 . 6  77 . 4  80 . 4  1 9 . 6  76 . 8  23 . 2  

2 1 1 . 1 6 . 8  1 . 9 80 . 2  73 . 4  26 . 6  6 3 . 9  36 . 1  

3 17 . 2  1 4 . 8 3 . 1 64 . 8  7 3 . 4 26 . 6  78 . 0  22 . 0  

4 12 . 5  10 . 0  0 . 0  77 . 5  6 7 . 5 3 2 . 5 62 . 5  37 . 5  

5 20 . 0  5 . 4 4 . 3  70 . 3  84 . 9  1 5 . 1 71 . 6 2 8 . 4 

6 14 . 6  6 . 9 2 . 1  76 . 4  72 . 5  27 . 5  64 . 9  35 . 1  

7 7 . 6  1 8 . 5 5 . 0  68. 9 7 5 . 6  24 . 4  71 . 9  2 8 . 1  

8 26 . 1  1 7 . 4 8 . 7  47 . 8  78. 3 21 . 7  74 . 1  2 5 . 9  

9 1 3 . 4 8 . 9  0 . 7 77 . 0  65 . 4  34 . 6  7 1 . 1  29 . 9  

10 28. 9 7 . 4  1 . 2  6 2 . 5 80 . 9  19 . 1  79 . 3  20 . 7  

1 1  2 1 . 7  9 . 8  1 . 4 6 7 . 1 81 . 1  18 . 9  7 7 . 6  22 . 4  

12 1 5 . 2 1 0 . 1 0 . 0  74 . 7  70 . 7  29 . 3  79 . 7  20 . 3  

Mean 1 6 . 6 10 . 4 2 . 6 70 . 4  7 5 . 4  24 . 6  72 . 5 2 7 . 5  

rv 
rv 
� 



Append i x  7 .  Percen t  of egg s  l a i d  by �· armigera on 4 d i fferent p l a n ts . 

(Abbre v i a ti o n : L u = l ucern e , To= toma to , As=a s te r ,  Sw=swee tcorn ) 

Irrmature pl a n t  Mature p l ant  Covered ma ture p l a n t  
Days 

Lu To As Sw Lu To As Sw Lu  To As Sw 

1 42 . 9  27 . 3  24 . 0  5 . 8  1 1 . 4 18 . 6 38 . 3  31 . 7  1 0 . 1  16 . 0  47 . 9  26 . 0  

2 43 . 7  33 . 6  1 7 . 7  5 . 0 8 . 3  19 . 7  41 . 7  30 . 3  10 . 3  1 9 . 2  39 . 7  30 . 8  

3 39 . 7  28 . 1  19 . 8  1 2 . 4 9 . 2  1 5 . 4  43 . 0  32 . 4  16 . 3  1 3 . 6  41 . 6  28 . 5  

4 4 5 . 7 2 5 . 7  1 7 . 2  1 1 . 4  7 . 9  1 7 . 6  42 . 4  32 . 1  1 2 . 8  1 7 . 7  40 . 2  29 . 3  

5 52 . 3  22 . 1  1 8 . 1  7 . 5 9 . 8  16 . 4  43 . 9  29 . 8  

6 5 1 . 7  1 8 . 3 24 . 0  6 . 0 9 . 9  16 . 6  44 . 4  29 . 0  

Mean46 . 0  ? 5 . 9  20 . 1  8 . 0  9 . 4  1 7 . 4  42 . 3  30 . 9  1 2 . 4  1 6 . 6  42 . 4  28 . 6  

1\J 1\J 1\J 


	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10108
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118
	10119
	10120
	10121
	10122
	10123
	10124
	10125
	10126
	10127
	10128
	10129
	10130
	10131
	10132
	10133
	10134
	10135
	10136
	10137
	10138
	10139
	10140
	10141
	10142
	10143
	10144
	10145
	10146
	10147
	10148
	10149
	10150
	10151
	10152
	10153
	10154
	10155
	10156
	10157
	10158
	10159
	10160
	10161
	10162
	10163
	10164
	10165
	10166
	10167
	10168
	10169
	10170
	10171
	10172
	10173
	10174
	10175
	10176
	10177
	10178
	10179
	10180
	10181
	10182
	10183
	10184
	10185
	10186
	10187
	10188
	10189
	10190
	10191
	10192
	10193
	10194
	10195
	10196
	10197
	10198
	10199
	10200
	10201
	10202
	10203
	10204
	10205
	10206
	10207
	10208
	10209
	10210
	10211
	10212
	10213
	10214
	10215
	10216
	10217
	10218
	10219
	10220
	10221
	10222
	10223
	10224
	10225
	10226
	10227
	10228
	10229
	10230
	10231
	10232
	10233
	10234
	10235
	10236
	10237
	10238
	10239
	10240
	10241

