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Earias species a re  serious pests of cotton and other malvaceous 

plants  in the  tropics. The biology of &. Snsu1q-m and g, bip lam 

specif ical ly  as  pests of okro i n  Nigeria, was investigated in the 

f i e l d  and the laboratory from September 1984 - Ju ly  1985 a t  the 

University of Nigeria, Nsukka, 

From the  laboratory studies,  f ecwndity , incubation p e r i d ,  

pre-oviposition period, mean durations of la rva l  and pupal stages, 

adu1t"longevity as  w e l l  a s  the  duration of l i f e  cycles of t h e  moths 

were established, 

Based on frequency dis t r ibut ion of head capsule widths of 

field-collected and laboratory-reared larvae, and d i r e c t  count of 

shed head capsules of these internal  feeding larvae, 5 imaginal 

stages were confirmed f o r  the species. Okro proved t o  be a suit-  

able al ternat ivg host plant fo r  these mothsytheir l i f e  cycles at 

near natural atmospheric conditions in the laboratory being 

+ + 21-75 - 1.37 days and 26.18 - 2.09 days f o r  g. insulana and 

E, biplaqa respectively, Besides, larvae fed solely on okro - 
fruits (seeds) produced viable progeny. Fecundity of these moths 

+ 
(whose larvae were raised on okro seeds) was very low (8  - 3.77 

+ 
and 9 .3  - 3.51 eggs f o r  insulana and g, biplaqa respec t~vely) .  

x i i  



I n  nature - .  E, insulana was most cmmon dur ing  the dry season while 

Eo biplaqa occurred mostly during the  rainy season, - 
Pes t  ihcidence in the f i e i d ,  evidenced by la rva l  puncturing 

of a d  entry i n t o  okro f r u i t l e t s ,  commenced a t  f r u i t i n g  and las ted  

v i r tua l ly  till death of the  host  plants. Overall damage t o  

unabortecl okro f r u i t s  was 23.06% while abortion of f r u i t l e t s  

resu l t ing  from l a rva l  a t tacks  amounted t o  10.83%, Consequently 

it i s  concluded t h a t  these two moth species a r e  normally no serious 

pes t s  of okro a s  they a r e  of cotton. The heaviest  l a rva l  damage of 

okro f r u i t s  during t h i s  study occurred about t he  month of January 

which coincided with t h e  dry season, while t he  l e a s t  damage occurred 

about May during t h e  ra iny season. The l a t t e r  s i tua t ion  f o r t d t o u s l y  

f i t s  i n t o  t h e  cu l tura l  pract ices  of okro farmers of Southern Nigeria, 

x i i i  



CHAPTER ONE 

Vegetables a r e  grown world-wide and are impartant sources of 

prote ins ,  minerals and vitamins (Oke ,1965 ; Tindall,l965 ; S a i  ,1965 ; 

Oyen~ga~1968; Oyenuga and Fetuga)1975). In Nigeria okro a s  w e l l  

a s  other vegetable crops a r e  grown mainly a s  minor backyard garden 

crops, consequently, many pioneer agr icu l tu ra l  research workers 

here  devoted t h e i r  a t t en t ion  t o  major food and cash crops of the 

country (Akinlosotu~l977),  

Okro , kbelmoschus esculentus (Lo ) (Synonym Hibiscus esculentus 

Lo) is an annual species of t h e  Malvaceae o r  Mallow family. It i s  

known a s  gumbo, gombo o r  lady 's  f inger  i n  English-speaking countries;  

bhindi i n  India and bamyah or  bamiat in Arabic-speaking countries 

(Franklin aRd Ruth Rubertel1978). The exact o r ig in  of okro is 

unlcnown but it i s  thought t o  be of African or ig in  and t o  occur 

natura l ly  i n  t h e  t rop ics  but  was introduced i n t o  the  United States 

and West Lndies under t he  Spanish name gumbo (Pavlos and Spiros, 

1975), 

Okro is of s i gn i f i can t  nu t r i t i ona l  value and m e r i t s  m e  

extensive use i n  t he  t rop ics  in home garden and subsistence farms 

where it is cul t ivated f o r  its young f r u i t s  (pods) and leaves 

which are r i c h  in proteins ,  minerals and vitamins (Franklin and 



Ruth Kuberte,l978). In  many t rop ica l  countries,  t he  uses and 

v a r i e t i e s  c u l t i v a t ~ c l  vary from country t o  country, In Nigeria, 

Ghana, Liberia and Sierra-Leone, it i s  widely grown f o r  i t s  young 

tender f r u i t s  which a r e  consumed f resh  o r  dried a s  a mah  vegetable 

dish o r  made irlto soups o r  stews with other condiments. I n  united 

S t a t e s ,  it i s  of great  economic importance only i n  some southern 

s t a t e s ,  where it i s  grown f o r  market processing f o r  preparing stew 

%d ttgumbo't soups or  it is  eaten boiled or  f r i e d  a s  a vegetable. 

The f r u i t  i s  a l so  frozen, canned a s  a mixture with othu: vegetables 

o r  preserved i n  br ine  f o r  fu tu re  use. Dried okro i s  a l so  popular 

and t h e  dried products a r e  imported and used i n  d i e t s  a s  flavouring 

i n  soups and other  food products in United S t a t e s  (Thomps0n)l957)~ 

In  Nigeria, several cu l t i va r s  o r  va r i e t i e s  of the  crop are 

grovm a l l  o< which a r z  at.tac1x.d by a wide range of insec t  pes t s ,  

especial ly  Lepidopterans, t he  most important among them being 

Sylepta derogata (Fallen) (Pyral idae) ,  Anomis leona (Schaua), 

Heliothis armigera (Hubner) , Spodoptera l i t t o r a l i s  (Fallen) 

(Noctuidae) , Earias &sulana (Boisduval) and E. biplaga (Walker) 

(Noctuidae), Other serious pests  a r e  t h e  f l e a  bee t les  Podaqrica 

s j o s t ed t i  (Jscohy) , - :), rniforma (Jacoby) , Aphis gossypii Glov, , 
Bemisia tabacci  ( G e m o )  (Taylor, 1974), Although experience a t  

Nsukka, Nigeria, has shown t h a t  the most dest ruct ive  species on 



okra are the  f l e a  beet les ,  Podaqrica species,  the  adul ts  of which 

ea t  numerous small holes on the  leaves thus reducing t h e i r  photo- 

synthetic surface (Egwuatu, 1982), the  l a m a e  of the Noctuid moth ,  

Earias species, have a l so  been found t o  a t tack okro f r u i t s ,  They 

destroy the seeds and render the f r u i t s  unsightly, unmarketable and 

thus u n f i t  far consumption, Although there  seem t o  be a wealth of 

l i t e r a t u r e  on the  control and bionomics of t he  genus Earias as a 

sckious pes t  of cotton (Walker and Haidari,l955; Planes G a ~ i a ~ 1 9 5 7 ;  

Srinivasan &d Bet ta i  Growdcr,l962; Haidari,1967; Murtuza and 

Wahed ,1969; Assem, Doss and Saddik, 1974; Gupta and Agarwal,1983; 

Srivastava, Gajbhiye, Jain, Agnihortri .  and Munshi Singh,1983), 

avai lable  l i t e r a t u r e  on t h e  biology of t h i s  genus a s  a pes t  of okro 

in Nigeria, especially here i n  Nsukka, seems t o  be scanty if not  

non-existent: 

This project  therefore  has been undertaken w i t h  a view t o  

studying the  biology and cer ta in  aspects of the ecology of Earias 

.-species a s  pes t s  of okro. The studies have been based on f i e l d  

and laburatory observations of t he  mwth on t h e  Awgu ear ly  cultivar 

of ekro in and around the University of Nigeria, Nsukka, 

It i s  hoped t h a t  such a l i f e  h is tory  study w i l l  no t  only 

r e l a t e  the  occurrence of the  various biological  events in develop- 

ment of Earias such a s  oviposition, hatching and developmental 



transformations t o  seasons, but w i l l  a l s o  provide information t h a t  

can be used t o  assess t h e  p e s t  s t a t u s  of t h i s  species on okro 

a s  well a s  the poss ib i l i t y  and p rac t i cab i l i t y ,  i f  necessary, of 

a control  measure, 



CHkPTER TWO 

WIEW OF LITERATURE 

The genus Earias occurs i n  Africa as  two species: Earias 

insulana (Boise 4 and Earias biplaqa commonly known a s  the spiny -- 
bollworm - a name derived from the  charac ter i s t ic  b r i s t l e s  or 

spines which are found on the  larvae (Ripper and Lloyd George, 

1965 1, 

" Bollworms,notably Heliothis armiqera (Hb.) and Earias 

species, a r e  among the important pests  t h a t  attack cottom 

(~cKinlay  and Gerring)1957). Several species of t h e  genus Earias 

are pests  of considerable impartance i n  many c o t t w  growing 

countries of the world. Among these are Earias biplaga in Nigeria 

(Pomeroy,l925); the Egyptian bollworm s o  insulana and hueqeli 

(S to l l )  i n  hus t ra l ia  and China (Ncinlosotu~ 1969 1, 

The Egyptian bollworm g, insulana i s  widely dis t r ibuted in 

Africa and adjacent islands,  Southern Europe, Pakistan, India, 

South East Asia, Japan, Taiwan, Phi l l ipines and Australia 

(Jurgen Kranz, Hehz Schmutteren, and Werner Koch)1978). I n  

Africa, go insulana is  often found in mixed populations with 

E, biplaga and both a r e  pests  of okro and cotton but have different  - 
climatic requirements and a r e  seldom present a t  the same time of 



the year even in sympatric regions (Croizier,  Amargier, 

Jacqumard ; Couilloud and Croizier  ,1981) . g. biplaqa was first 

recorded a s  a major pes t  of Kenaf Hibiscus cannabinus b Nigeria 

i n  1966 (Donnely, 1966) and i s  more common in Southem Nigeria 

than - E. insulana $zueh, 197.9). The bollworms present i n  Western 

Nigeria are Cryptophebia (Argyroploce) Leucotreta ( M e y r ) ,  
gipa ropsis 

Pc~hinophora gossypiella, watersi ,  E. biplaqa, 5. insulana, 

Heliothis armiqera and Pyroderces simplex (Hayward, 1967). 

Although coLlectively the bollworms are very ser ious  pes t s ,  their 

importance individually var ies  ,considerably between seasons and 

l o c a l i t i e s  and is almost en t i r e ly  linked to  the ava i l ab i l i t y  of 

a l te rna t ive  food plants,  

Spiny bollworm i s  not so  spec i f ic  i n  i t s  host  nor so wide 

ranging a s  t;he American bollworm but  concentrates la rge ly  on weeds 

of t h e  Malvaceae which are wide-spread i n  

Its at tack on cotton has been reported in 

countries of t he  world: Egypt (Abuldasr ,  

1972; El-Saadany and' Abd-El-Fattai,1976), 

1946; Haroon Khan)' . Ladha Ram Mohindra, 

Africa (Prentice,  1972). 

several cotton @wing 

Megahed and Mabrouk) 

Pun jab @son Khan, 

~ h ~ n d $  Ram Sharma and 

Abul Ghanim ,1948) , Nigeria (Gerring ,1948; 1949 ; Pomeroy ,1925) , 
Coimbatore>South India,  (Cherian and ~y la sam ,lgSO) , Madras Sta te )  

India,  (Srinivasan and Bet ta i  Grewder11962), Tanzania (East ~frica), 



(Red)1974) and Bombay (Mihra11936). I n  a d d i t i m  t o  cotton,  

Earias species i s  known t o  feed on t h e  flower buds and f r u i t s  of -- 
Abutilon indicum , Hibiscus (Abelmoschus esculentus ( okra) , 
He can~abinus  ( ~ e n a f )  , hollylock, ( ~ 1 , t h a e  rosea) ,Caulif lower, (~rena 
-2.. .- 
lobata ,Me sy lves t r i s ,  Malva parv i f la ra ,  Malvastrum tricuspidatum 

w. .-- - 1 
and - Sida cord i fo l ia  (Raham,1940; Haraon Khan & a)1948) ,  

Attacks by Earias biplaqa on cocoa have been reported from 

Ivory Coast t o  the  Congo  insha has ha) and i n  San Thome ( ~ a l l a m a k e  

1936; A l i b e r t ,  1951) and i s  the  only species of Earias t o  do so in - 
Africa (Entwistle, 19691, Similar a t tacks  on cocoa have been 

reported in Ghana (Patterson, 19231, Togo ( A l i b e r t ,  19511, Nigeriq 

(Gelding, 1946 ; Entwistle 1963, 1964, 1965 ; Youdeowei, 1972). 

. Although - E, insulana occmwi th in  t h e  same geographical 

region a s  5 - b i p l a q a  (Pearson, 19581, it has not been observed to 

at tack cocoa (Entwistle, 1969)0 

Attack of maize ears  by g. insulana has a l so  been reported 

i n  Egypt (Honsy and ElSadany,1969; kbul-Nasr and Megahed,l971; 

Abul-Nasr and Megahed ,1974). 

The damage caused ky t h i s  pes t  i s  qui te  substant ia l  and 

ranges from destruction and shedding of bo l l s  and buds i n  cotton, 

t o  destruction by feeding on okro f r u i t s  and seeds and premature 

shedding or abortion of f r u i t l e t s ,  ElShaaraway, Eldadany and 



El-FZef a e i  ( 1975 hdve cstinated the  econom!.~ threshold of damage 

bol ls ,  Estim-.tes of I .nss  or damaqe clused by this p c ~ t  on cotton 

h ? : ~  bcm variously put a t  9% in Giza region of Egypt ( ~ a s r  and 

fi.z?b,1969) , 22,,52% of the t o t a l  sheddjnq of hv4s, flowers and bo l l s  

occurring i n  t h e  growing season (September - February) in Madhya 

Pradesh) India (Kaushik and Singh11958) ; 34 - 51% of f a l l e n  bo l l s  i n  

Bombay (Mihra21936) ; 80% l o s s  i n  yield i n  cotton seed i n  I raq 

(Walker and H?idari11955) ; and 8% i n  Spain  lanes ~ a r c i a ,  195 71, 

the  
k study of the host  p lan ts  of / spiny bollworm (5, -&s,u,li?) by . -. 
Abu3.-Nasr e t  a1 has shown t h a t  in fes ta t ion  r a t e  on olcro could - - 
he as high as  55.5% and t h a t  at tack i s  normally confined t o  the 

f r u i t i n g  bodics, They a l so  found th ik  t h e  r a t e  of a t tack jn terminal 

..k ereas  t hc  f r u i t s  ( c ~ p s u l e s  o r  pods) are mast favoured, 

The influence of weather ccnditions ( temperature, r a i n f a l l  and 

Taher , Mctwally , Rar l ey ,~ j . .  an?. Al-Saadnny) 1978 ; Balc?su1~.r?.m?nim, 

Katiyar, 1982; Nasr, Badr , Hamed and Ahmed ,1982; Co~lil loud) 1983) . 
From f i e l d  experiments c n r r i e d  out i n  New Delhi7 India,  Itativar 

( 1982) reported th.at the most 2avourablc c l i - r - t lc  conditions for 



development of go insulana, g. v i t e l l a  and g. qossypiella w e r e  

warm but not excessively hot weather) c loudhess  and frequent 

l i g h t  r a jn fa l l .  Haidari, (1967) reported t h a t  althougn the 

geographical d i s t r ibu t ion  of go insulana appearst0 be affected by 

average tempernture and duration of optimum temperature i n  a given 

loca l i t y ,  t he  population density depended not  only on temperature 

but a l so  on other c l imat ic  fac tors ,  length of growing season and 

the  a c t i v i t y  of predators and parasi tes ,  Nasr e t  a1 (1982) noted 

t h a t  population f luctuat ions  of E. insulana in the  Kafrdhekh region 

of Egypt w e r e  not  apparently re la ted t o  t h e  prevail ing temperature, 

a s  ~ d u l t  numbers w e r e  high i n  autunn(the l a rges t  generation occurr- 

ing i n  October), moderate i n  summer and low in w h t e r  and spring, 

Broodryk (1971) a lso report& t h a t  although E, biplaga was pre- - ... 
dominant in.Gatooma Southern Rhodesia (Zimbabwe)during the  winter 

months, the  hoctuids are not great ly  affected by temperature, 

Nowever, Balasubramani~an e t  -- a1 (1981) i n  t h e i r  report  not& 

0 
t h a t  an increase in maximum temperature of 1 C could r e s u l t  in an 

increase of 4.17% in bollworm incidence while an increase in rain- 

f a l L  time of 1 day could decrease the  amount of damage by 4.05%. 

Also Couilloud (1383) observed t h a t  high temperature r e s t r i c t ed  

the  spread of F*, biplaqa and t h a t  while E. insulana appeared t o  be 

a hardier  species to le ra t ing  a wider range of c l imat ic  conditions 



and did not  adapt w e l l  t o  damp conditions, go biplaqa was pre- 

dominant and invaded cotton f i r s t  during the  rainy season (period 

of plant  cjrowth,  flowering and f r u i t i n g ) ,  while E o  insulana pre- - 
dominated during t h e  dry season. The werk of H a r m  Khan (1946) 

on the r e l a t i v e  abundance of 2. insulana and 5 fabia  has sham 

t h a t  whereas - Eo insulana is  widely d i s t r ibu ted  and found under 

severe and diverse  c l imat ic  conditions, Em fabia  i s  rare i n  places - -  
where there  are extremes of temperature and a r e  common only when 

there  i s  good r a i n f a l l  and a sudden drop i n  summer temperature, 

I n  Tamil  Nadu, India,  Balasubramanian et  a1 (1981) , observed 

a s ignif icant  negative correlation between the  incidence of 

E, insulana go v i t e l l a  and morning r e l a t i v e  humidity, evening - 
r e l a t i v e  humidity, in tens i ty  of r a i n f a l l  and number of rainy days. 

Taher e t  a1 (1978) a l so  observed t h a t  humidity did not s ignf i ican t ly  

a f f ec t  t h e  r a t e  of adul t  emergence in Cairo, Egypt bu t  a maximum 

r a t e  of adul t  mergence resul ted a t  26O~ and 60% r e l a t i v e  humidity 

compared with t he  other combinations tes ted involving higher or 

low temperatures and humidities (22O~ and 30°c and 40% and 8W R.H.). 

The peak periods of ocmrence/incidence of E a r i a s  species 

var ies  from place t o  place. In Coimbatore, South India  (within 

the  t ropics)  where cotton i s  sown in September o r  October, the 

flrst at tack became v i s i b l e  i n  N o v e m b e r  (dry season) and high la rva l  



populations occurred from the  middle of May t o  July (ear ly  rainy 

season) accompanied by heavy shedding of buds and bo l l s  (Cherian 

and Kylasam , lgSO), Planes Garcia (1957), in Spain observed t h a t  

infesta t ion was l i g h t  u n t i l  August and ear ly  September (Summer 

season) but rose  t o  80% on Egyptian cotton by l a t e  October. 

Katiyar (1977) found t h a t  in New Delhi India,  cotton was most a t  

r i s k  from - E, insulana, 5. v i t e l l a  and - P. qossypiella between mid- 

August and midSeptember ( l a t e  ra iny season) when the  b o l l s  w e r e  

in a su i t ab l e  s tage f o r  attack,  

In  Samaru, Northern Nigeria, Gerring (1948 , 1949) noted t h a t  

Earias species began t o  oviposit  an cotton in l a t e  August and con- 

tinued on a considerable sca le  throughout t h e  dry season, Oviposition 

was considerable u n t i l  mid-March ( l a rva l  population being l i d t e d  

by the number of b o l l s ) ,  s l i g h t  and sporadic i n  April and May 

*A 
(ear ly  rainy season) ,Aceased in June but the  larvae which w e r e  

absent during t h i s  period reappeared i n  ear ly  Julyo H e  a l so  observed 

t h a t  on cotton t h a t  was allowed t o  remain from one season t o  the  

next without cutt ing, .  Earias species was ac t ive  from Febmary t o  

the end of May, McKinstry (1947) noted t h a t  i n  Gatooma,Southern 

Rhodesia (Zimbabwe),spiny bollworm (Earias) was present throughout 

t he  seasonsand was par t icu la r ly  nwnerous i n  April  (Spring), 

Feyrelmgue and Boumier (1974) reported t h a t  i n  Madagascar 



E. h s u l a n a  survives throughout the  year on a l te rna t ive  rnalvaceous - 
food-plants and tha t  Abutilon asiaticum is a permanent r e s m l r  

of E, h s u l a n a  since throughout the  year it provides green bo l l s  

necessary for l a rva l  survival. BedfoK1 (1941) on the other hand 

reported t h a t  i n  Anglo-Egyptian Sudan, infesta t ions  by 

insulana on cotton was highest  in December i r respec t ive  of the 

sowing da t e  of t h e  cotton, 

Studies on the bionomics of these pes t s  (E, insulana and - 
E, bip1aga)include t h a t  of Yathom (1958) on cotton i n  Iran; -- 
Cherian and Kylasam (1950) in Coimbatdre South India; Assem,  Doss 

and Saddik (1974) on okro in the laboratory in Egypt; arkd Anwar, 

A s h r a f  and Arif (1973) on cotton in Kenya in t h e  laboratory, 

Entwistle (1969) reported tha t  the duration of the  l a rva l  and 

pupal s tages  of 5, biplaga a re  inversely re la ted t o  the  mean 

maximum temperature and are shor tes t  in the dry season and longest  

in the  w e t  season, 

+ 
A pre-oviposition period ranging from 2.8 - 0,3 days to 

+ 11,4 - 1,7 days (Megahed 2 a1,1972) - and 3 - 7 days (Assem eJ a l ,  - 
1974) have been reported a t  varied temperatures and humidk&. A t  

temperature~ranging from 1 5 ' ~  t o  3 1 . 9 ~ ~  and r e l a t i v e  humiditsas 

between .50% and 70%, the  la rva l  duration of Earias species reported 

varied from 11 days a t  16Oc (~ruthi ,1942)  10 - 12 days (Cherirtn 



and Kylasam,l950} R - 10 days ( ~ u r t u z a  and Waheed,1969), t o  a 

+ maximum mean of 4008 - 0.8 days a t  1 7 . 6 ~ ~  (Megahed g al) l972) .  

The pupal duration varied from 7 - 10 clays (Chcrian and Kylasam) 

1950), 9 - 15 days (Cks.sem e t  - a111974, - t o  26-5 days (Poitout e& a_l ,  

l972), 

Several generations of g. insulana have been reported t o  

occur per  year i n  Irrm (Haidari,l967); Egypt Megahed, Tawfik and 

El-Khateeb) 1972) while 4 - 5 l a rva l  i n s t a r s  have been generally 

established f o r  the  species (~omeroy11925; Murtuza and Waheed, 

1969; Megahed - e t  ,1972; and Assem et a1,1974). - 



CHAPTER THREE 

MATERIALS ;WD METHODS 

The biological  s tudies  on the  two moth pests ,  g. insulana 

and g. biplaqa, w e r e  carried out under near natural  conditions at 

the  Zoological Garden of t h e  University of Nigeria, Nsukka. A 

p lo t  of the host  plant ,  okro, Abelmoschus esculentus ]Awgu ear ly  

cul t iuar  measuring (16,2m x 4,5m) was established and the  crops 

tended under normal hor t icu l tura l  pract ices  u n t i l  f ru i t i ng  and 

death, The p l o t  during each planting period was divided i n t o  3 

blocks (5,4m x 1,5m) each containing 60 okro stands i n  5 ram 

spacecl 45cm by 30cm apart. The exercises involved 3 plantings 

in September 1984 - January 1985, January 1985 - Ma:y 1985, ancl 

March 1985 - Ju ly  1985 which w e r e  designed t o  r e l a t e  pes t  incidence 

and damage y i t h  t h e  two main seasons of the year (dry and w e t )  

*P For each planting,  host  plants  w e r e  inspected regularly /, mes 

weekly especially from flowering t o  end of f r u i t i n g  f o r  various 

l i f e  stages of the  moth and records kept. 

3,1 LlFE HISTORY 

3e101 ITJITLkL SOURCE OF L A W  
the 

Moth larvae,  detected on okro flowers and f r u i t s  in A ex- 

perimental p lo t  and okro farms around, were collected f o r  i n i t i a l  
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rear ing experiments. The larvae were l i f t e d  singly with fine 

camel h a i r  brush and placed on a piece of f resh  okro leaf Inside 

a covered P e t r i  d i sh  in which they were conveyed t o  t h e  laboratary. 

I n  t he  laboratory and within t h i r t y  minutes of col lect ion,  a small 

sli" was made on f resh ly  harvested young okro f r u i t  and a l a rva  

t ransferred i n t o  it, Each f r u i t  with i t s  l a rva l  content, w a s  put  

i n t o  a l i d d  cyl inder ical  p l a s t i c  "cagew (6cm t a l l ,  11.5cm diameter) 

placed on a laboratory bench f o r  possible  development of larva a t  

5luctuat ing temperatures of 23'~ - 31°c and r e l a t i v e  humidity of 

65% - 80%- For aerat ion,  t h e  cage had th ree  c i r cu l a r  holes (5cm 

diameter) on the  s ides  covsed  with nylon mesh. The fruit which 

served both a s  food and subs t ra te  was changed w a y  other day and 

the  la rva  was transferred i n t o  a fresh one as already aqscTiha diih 

observations were continued unt i l  adu l t  emergence. 

302 OVIPOS~ION AND IONGEVITY OF AWLT MOTHS 

For s tud ies  on oviposition, adu l t  moths r e su l t i ng  from the 

foregoing f i e l d  - collected but  laboratory reared larvae,  w e r e  

used. Freshly emerged males and females of each species w e r e  

paired in separate empty jam bo t t l e s  (6cm diameter, and I l c m  deep) 

covered with nylon mesh)kept a t  t he  usual laboratory atmosphere. 

A small pad of cotton wool, saturated with 10% hmey solution and 

suspended from t h e  mesh l i d  of the  jam bo t t l e ,  served as  a source 



of food f o r  t h e  adul ts  during t h e  period of obsenrstion. Food 

was r c p l a c d  t k e e  i3nes w,,;rly. 

Since preliminary obse rvn t i~ns  had revealed that female 

moths seldom oviposit  on smooth surfaces,  t he  in te rna l  surfaces 

of U1e jam bo t t l e s  wcre l ined with t i s s u e  paper t o  provide 

f a i r l y  rough substratum f o r  oviposition. The cages were examhed 

da i ly  f o r  eggs and the  eggs so lafd removed wfth camel h a i r  

brush f o r  experiments, I n s p e t i o n s  and col lect ion of eggs w e r e  

'continued u n t i l  death of the femnles, Male moths t h a t  died 

before t he  females were replaced, The dates of egg deposition 

and number of eggs l a i d  were recorded, From these records, 

individual pre-oviposition and oviposition periods were computed. 

The l i f e  span (from adul t  emergence till death) of adult  

m.~les  ?..nil females 0.f hokh s p ~ c i e s  w a s  a lso recorded. The data  

on longevity and mean adul t  longevity was bas& on laboratory 

rcared aclults and experiments conducted under room temperature 

and humidity, Age-specific survivorship and fecundity tab les  

w e r e  constructed and t h e  survival r n t e  (1 1, LT50 (when t h e  
X 

population was r d u c r d  t o  5%) , fecundity r a t e  and peak 

p e r i d s  of ovlposit ion 5o.r both mot3 s p . - c 5 . e ~  vcre determind 

using the methods d e s c r i b d  by S lobdkin  (19621, and the modifi- 

cation of Lauqhlin , ( 1965 ) *  While column (x )  represented 

the pivotal  age i n  days , age (0)  was taken a s  the day of adul t  



emergence, while (lx) represented the number surviving a t  t he  

beginning of age c l a s s  x expressed a s  a f rac t ion  of an i n i t i a l  

population of 1 ( L e o  100% surv iva l ) ,  and h) represented t h e  

number of l iv ing  females born per female in  each age interval using 

a sex r a t i o  of 1:1, 

3,2,1 INCUWTION PERIOD 

Incubation p e r i d  was determind only f a r  moth eggb laid i n  

&c laboratoryo To t h i s  end, eggs l a i d  on t i s sue  paper l in ing  

t h e  experimental bo t t l e s  were removed with camel h a i r  bLvsh and 

placed on a filter paper underlaid by a moist pad of cotton wool 

ins ide  Petri dishes f a r  possible development, With t h e  dishes 

c o v e r 4  , 10 - 20 eggs were thus incubated in each P e t r i  dish and 

i n  contact with water, The eggs were inspected da i ly  u n t i l  they 

hatched, ~ i e  incubation period (from the  da te  the eggs w e r e  l a i d  

t o  the  time they hatched) , as  w e l l  a s  the p t r c e n t  hatchabi l i ty  

of t he  eggs were calculated, 

3,3 DEVELOPMENT OF THE IMMATURE STAGES 

For t h e  determination of l a rva l  and pupal developmental 

periods, f i r s t  i n s t a r  larvae of known dates of ecloslon w e r e  

reared singly on host  f r u i t s  as  described e c l i e r  u n t i l  adul ts  



cmergcrl. Daily observations were maintained on l a rva l  and pupal 

developments u n t i l  adul t  emergence. 

3.4 DETERMINATION OF N U m . R  OF LARVAL INSTARS 

3,4,1 -- BY D I m T  .---.-.- REARING ..... AND COUNqING OF SHED HEAD CAPSULES - -. 
To obtain the  number of l a rva l  i n s t a r s ,  l h i t e d  quant i t ies  

of moth eggs l a i d  i n  t he  laboratory were incubated in P e t r i  

dishes as Jwri&d and the resu l t ing  larvae reared singly 

6n fresh okro f r u i t s  f o r  the purpose of co l lec t ing  shed larval 

head capsules, Each okro f r u i t  was s l i t  longitudinally,  the 

l a m a  placed in t h e  f r u i t  and t h e  two halves of the  f ru i t  gently 

closed up and held together with a rubber band, The f ru i t  w a s  

examinod da i ly  under t h e  dissect ing microscope for she3 head 

capsules, On discovering a shed head capsule, the l a rva  was 

removed and transferred t o  another okro f r u i t  and t h e  da t e  of 

moulting noted, The observation was continued u n t i l  pupation. 

The number of shed head capsules found was recorded and the 

duration i n  days of,each l a r v a l  i n s t a r  was computed from the 

i n t e rva l s  between which shed head capsules w e r e  recavered. 



3-40 2 BY HEAD CAPSULE MEASUREMENT 

Both f i e l d  col lected and laboratory reared larvae of E, h s u l a n a  - 
and E, biplaga w e r e  used. The head capsules w e r e  cu t  off  and - 

c l e a r  
boiled b r i e f l y  in 10% NaOH solution t o  / them. They w e r e  washed, - 
air dried quickly on f i l t e r  papers and then put  on s l i d e  far 

examination and measurement under t h e  d i ssec t ing  microscope. Head 

capsule widths f o r  a l l  larvae were read off  from an ocular micro- 

m e t e r  s ca le  f i t t e d  t o  a binocular microscope a t  a magnification of 

40X, Thz head capsule width measurements obtained w e r e  used f o r  

t he  frequency d i s t r i bu t ion  graph, 

For the  determination of mean and range of head capsule w i d t h s  

f o r  various l a rva l  instars of the  moth species,  f i r s t  instar larvae 

of known dates  of eclosion w e r e  kept separately in batches of 

10 - 15 and the  larvae examined da i ly  f o r  shed head capsules. I n  

a l l  tllere were four such s e t s  of larvae,  one far each instar since 

laboratory observations during t h i s  study revealed t h a t  t h e  moth 

undergo four  l a rva l  moults, For any one batch of larvae,  the 

appearance of moulted head capsules f o r  the  f i r s t  time, second, 

t h k d  and four th  times indicated t ransfarmat ims from 1st t o  2nd, 

2nd t o  3rd, 3rd t o  4th and 4th t o  5th instars respectively. Since 

from experience members of any one age qroup o r  batch normally com- 

pleted moulting withir. b o  or th ree  days of commencement, members 
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of each batch w e r e  examined and k i l l e d  a s  soon a s  t h e  desired 

instar was c l ea r ly  at tained,  The r e su l t i ng  head capsules were 

processed i n  t he  usual way and t h e b  widths read off a s  usual. 

Since t h i s  study was based on a l imited number of larvae,  t h e  head 

capsule width measurement of other f ield-collected and laboratory 

reared larvae were f i t t e d  i n t o  t h e  ranges obtained and used f o r  

the  

t h e  

3.5 

determination of t he  mean and range of head capsule widths far 

various l a rva l  ins ta rs .  

ESTIMATION OF FRUIT DAMAGE AND LARVAL NUMBERS ON FRUITS, 
ABORTED FRUITS AND FLDWERS - 
Duriqg each of the 3 planting periods, 45 stands from 3 blocks 

of 2' experimental p l o t  (15 stands/blockl were randomly selected 

and tagged f o r  t h e  purpose of monitoring the  build up of moth 

l a r v a l  population a s  w e l l  a s  t h e i r  l eve l  of damage of t h e  okro 

fruits. F ru i t s  from the  tagged plants  w e r e  plucked t h r i c e  weekly 

u n t i l  death .f t h e  plants ,  The f r u i t s  w e r e  examined f o r  the  

presence or  absence of larvae. They were a l so  assessed for damage 

through presence o f . e i t h e r  l a rva l  entry holes or emergence holes, 

For determination of l a rva l  build up on f r u i t s  w i t h  t h e ,  t h e  

harvests were carefu l ly  examined v i sua l ly  in the laboratory and 

any larvae found w e r e  removed with camel h a i r  brush, counted and 

then reared f o r  use in other experiments. Similarly since the  



entry holes made by the  t i n y  1st i n s t a r  larvae w e r e  d i f f i c u l t  t o  

dis t inguish from other types of damage, as the  former soon healed 

up and got reduced t o  small brown spqts t h a t  resembled feeding 

punctures, damage was confirmed through actual  dissect ion of a11 

the f r u i t s  harvested, The data  obtained w e r e  used t o  compute the 

r e s u l t s  . 
The shrivelled or  f a l l en  flowers and aborted fruits from the  

'tagged plants  were a l so  collected,  taken t o  t he  laboratory, counted 

and t h e i r  numbers recorded, They w e r e  then opened up singly and 

searched fo r  larvae. A l l  larvae found were removed and t ransferred 

t o  insect cages for rearing, The number of aborted f r u i t s  actual ly  

containing larvae were noted and used t o  estimate the  extent M 

damage t o  okro fruits, 

3.6 RELATIVE hBUNDANCE OF EGGS ON PUNT PARTS 

For the d i s t r ibu t ion  of eggs on okro plants ,  during each of 

the 
the  3 planting periods, 15 stands located in 3 blocks of ', ex- 

perimental p lo t  w e e  chosen, tagged and examined f o r  eggs 

throughout t h e  harvest period. The locations of eggs so  

encountered were noted and the eggs then removed counted and 

retarded. They were lab- used for expet-hats.  



CI-LSTER FOUR 

RESULTS 

1 BIOLsXY OF E, insulana AND E, biplaga - 
4,102 INCUBATION PERIOD OF EGGS .- - 

The r e s u l t s  on incubation period of eggs of E. insulana 

a i d  go biplaga are sununarizsd i n  Table 1, A t  f l u c t u a t i n g  labora tory  

0 
temperatures of 28 C - 31°c and humidity 65% - 8074, and with con- 

t a c t  water provided, newly l a i d  f e r t i l e  eggs of E, insulana hatched 

+ + in a mean - SODo of 3.3 - 0,45 days (range 3 - 4 days) giving a 

percentage hatch of 81.7%, Those of E, biplaqa hatched in a mean - 
+ + - SODo of 3.8 - 0-79 days (range 3 - 5 days) with a percent  hatch 

TABLE 1 

Incubation Periods of F,, insulanta And - E, - b 3 l a q a  -...-- A t  Room 

--. Temperature find Humidsty 

Species 1 . E. - insulana I E. biplaqa - 
No. of eggs incubated 1 169 

X incubation period (days) 

No, t h a t  hatched 

% h a t c h a b i l i t y  
--.. -- . -- . i 

+ 
3,3 - 0,45 I 3,8 2 0.79 

138 -- 
01,G5% 

25 7 

93,77 



4 1 e 3 LARVAL DURATION 

The l a rva l  duration fo r  both species i s  shown in Table 2. 

The successful records are numerically l a w  because despi te  the 

high percent hatch recorded f o r  eggs of both moth species in t h e  

previous section,  l a rva l  morkality especially of the  1st i n s t c a r  

was very high, Consequently the l a rva l  duration was  based only 

on larvae t h a t  successfully completed t h e i r  development from 1st 

-k h s t a r  till pupation, The mean l a rva l  duration - S.D, fo r  

-I- 
E, insulana. was 9.55 - 0,66 days (range 9 - 11 days) and - 
11.68 2 0.58 days (range 10 - 1 2  days) fo r  - E. biplaga (mean f o r  

20 and 16 lanrae respectively). 

From t h e  d i r e c t  count of shed head capsules of singly-reared 

larvae,  5 l a rva l  instars w e r e  established f o r  both moths, H o w e v e r  

from the  frequency d is t r ibu t ion  graph of pooled head capsules, 

the  5 l a rva l  i n s t a r s  were not depicted by clear cu t  peaks (Figs. 

2;1 and 2B). Each l a rva l  i n s t a r  l as ted  2 - 3 days fo r  - E. - biplaqa 

and 2 days f o r  5, insulana (Tables 3A and 3B). The mean head 

capsule growth r a t i o  between successive instars of go _fnsulana 

and E, biplaqa i s  shown in Tables 4A and 4R, The mean head - 
+ + capsule growth r a t i o  - S O D ,  for  E, insulana larvae w a s  1.62 - 0,17 - --- 

4- 
(range 1 ,38  - 1.85 mm) and 1.55 - 0.05 (range 1.45 - 1.59 mm) far 

E, biplaqa, Figs,lA and l B  show the  l i nea r  re la t ionship obtained - 



from t h e  p lo t  of log head capsule widths against  successive larval 

ins ta rs ,  This shows t h a t  t he  head capsule widths of t he  l a rva l  

instcars of both moth species progressively increased a t  each moult 

thus agreeing reasonably with Dyarls law t h a t  the  head capsule of 

ca t e rp i l l a r s  grow in geometrical progression, increasing i n  width 

a t  each moult by a r a t i o  (usually about 1.4) which is constant for a 

given species (Wiggle~worth~l965).  

TABLE 2 

LARVAL DURATION OF Eo insulana AND Eo biplaga .. -> 
- 

I 1 

No. of observations I 20 16 
I 

Species - E. insulana - Em biplaqa 

Mean l a r v a l  duration in 
days f SD 

Range in dabs 

9.55 2 0.66 

9 - 11 days 

11.68 2 0.58 

10 - 1 2  days 



Mean duration of each larval instar = 2 days. 



TABLE 3B 

DURATION OF LARVAL INSTARS OF E. biplaga - - 
I I I 

No. of 
Larvae 
observed 

Stage of 
Development 

Mean Duration of Larval 
Ins ta r  (Days) 

Mean duration of each la rva l  instar = 2,38 days (range 2 - 3 
days) . . 

Range in 
Days 

2.25 days 2 - 3  



TABLE 4A 

MEAN AND RANGE OF HEAD CAPSULE WlDTHS FOR E, insulana LARVAE - 

0,527 - 0894 

0,895 - l o 4 2  1.57 0,827 - 1.403 
I 

C C Mean 'growth ratiu. - S,Do = L 6 2  - ,a0170 



TABLE 4B 

4- 4- 
Mean growth r a t i o  - S,D, = 1055 - C-05. 

MEAN AND RANGE OF HEAD CAPSULE WID!CHS FOR biplaqa LARVAE 

L a r v a l  
Ins t a r  

- 
I - 
12' 

No, of 
Larvae 
examined 

Mean head 
Capsule 
width (mm) 

---d-: 

predicted/ 
Expected 
Range of 
Head Capsule 
Width 

- 
0.318 - 0.509 

Observed Range 
of Head Capsule 
Width (mm) 

0021 - Om32 

0033 - 0.51 

0.63 

1,08 

0,521 - 0.806 

0,827 - 1,383 

lo276 - 2.117 

Growtl 
Ratio 

- 
la59 

0.52 - 0087 

0.88 - 1.46 

1047 - 1e63 

I 

1058 

1-59 

1e45 

20 

8 

V 

0027 

Oe43 

__I_ 

14 l o 5 7  



Fig,  1A: Head capsule growth rate of g,  insulana lawae 





Fig,  lB:  Head capsule growth r a t e  of - E. biplaqa larvae 





Fig, 2A: Frequency distribution of head capsule width of 
E, hsu lan~ t_  I ~ m r a e ~  =. - .-.--. 



NO of larvae 



Fig ,  2E: Frequency d i s t r i b u t i o n  of head capsule  width of 
E, biplaga  larvae ,  - 



F i g .  2 B  Head capsule w i d t h  (mm) 
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4.1 4 PUPAL DURATION 

The duration of pupal period fo r  both species is shown i n  Tables 

OA and 8B, The pupal period of 5 insulana lasted 9.2 2 1.42 days 

(range 7 - 12 days) while t h a t  of 5 biplaqa lasted 11.5 2 1.62 days 

(range 8 - 13 days). The differences was found t o  be s t a t i s t i c a l l y  

s i p i f i c a n t  (P = ,051, The pupal duration of Ern biplaqa was thus 

TABLE 5 

OBSERVATIONS - ON COCOON COLOUR, SPECIES AND SEX OF ADULTS AT EMERGENCE 

4.1.5 ADULT LONGEVITY 
:- - -.-, 

Cocoon 
Colour 

White 

-- 
Dirty 

White 

Brown 

I-. 

Under laboratory conditions and with food (honey solution) con- 

tinuously provided, sdul- t s  of go -is&l-q~ lived re la t ive ly  longer 

;:>, Examined 

- 
42 

No./Species of Adult 
A t  Emergence 

- E a b5pl.aqh'- 19 

E, insulana (33) - 

- S E X  

1 -- Eo &laqa - -- (7) 

Female 

5 

18 

4 

1 

6 

12 

- 
28 

Male 

4 

15 

3 

4 

10 

E. insulane (12) 1 3 

- E. -- insulana (5 )  

E o  b i p l l a  (16) - -- - 
9 

1 



+ 
7,9 - 1,95 days (mean f o r  20 adul ts)  range 4 - 11 days) than those 

+ of ga biplaga 7,37  - 2.02 days (mean f o r  16 adul ts)  (range 2 - 11 
days) (Tables 8A and 8B). The LT50 f o r  E. insulana females was - 
6.5 days (range 4 - 10 days) a s  against  5.7 days fo r  males (range 

3 - 9 days): f o r  females of - E, biplaqa, it was 6-2 days (range 

2 - 10 days) but  G days (range 1 - 10 days) fo r  males (Table 6A 

and 6B =and Figs. 3A and 33). Thus f o r  both species females lived 

a . l i t t l e  longer than males, Differences in longevity of adul t s  

as well a s  those between males and females of both species w e r e  

s t a t i s t i c a l l y  s ign i f ican t  (P  = ,051. 

TABLE a - 
AGE SPECP.IC SURVIVORSHIP OF ADULTS OF - E. insulana (22) FEMALES 

AND ( 25) MRZlES UNDER ROOM TEMPERATURE 

FEMALE I MALE 

Age in Days 
( x) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 .  

10 

Suwivorship f o r  
f emales (4 

1 
1 
3. 
1 
0690 
0.81 
0-63 
0.36 
0018 
0004 
0 

Age in Days 
( x) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Suwivorship f o r  
Males (4 

1 
1 
1 
0,92 
0084 
0-60 
0.44 
002 
0.04 
0 
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TABLE 6B 

AGE S P E C I F I C  SURVIVORSHIP O F  ADULTS O F  E. biplaqa (23) FEMALES AND 20) 
=-- 

WES UNDER ROOM TE~ERATURE 

A g e  in Days 
( x) 

FEMALE 

Survivor ship of Fanales 
( 1x1 

Age in 
Days 

C x) 

Survivorship of 
M a l e s  
( 1x1 







Fig, 33: Age specif ic  survival ra te  of (20)  males ( --- -- ) and 
( 23) females (*fiLn -* ) of E, hiplaga under room - 
t-mperature, 





In the  laboratory, there  was a pre-oviposition period of a t  

l e a s t  2 days fo r  - E o  insulana but 3 days f o r  go biplaga (Tables 7A, 

713 and Figso 4 .  and 4B), The mean oviposition period i n  go in-sulana 

+ 
was 3.8 - 1-39 days (range 1 - 9 days) and 1,s 2 0.22 days ( r a g e  

3. -. 2 days) f o r  g, biplaqa (Table 71, 

Fecundity was generally low and averaged 8 2 3,77 eggs f a r  

+ Eb insulana and 9.3 - 3.51 eggs f o r  Eo biplaga (Table 7). The - -- - 
fecundi t ies  recorded in Table 7 a r e  based on eggs l a i d  by only 5 

out of 30 - E, insulana females and 6 out of 30 females of go biplaqa 

used respectively f o r  t he  oviposition studies. 

I n  the  laboratory, the  l a rges t  number of eggs l a i d  by a s ingle  

female go insulana throughout l i fe  was 82 and t h a t  by f m a l e  

E. biplaqa Gas 58, Similarly t h e  l a rges t  number of eggs l a i d  by a - 
s ing le  female go insulana in a day was 49 a s  against  58 eggs f o r  

Em biplaga while t he  lowest stood a t  2 an.1 14 eggs respectively - -- 
(Table 71, The hig?.est fecundity r a t e  (peak period of oviposition 

far ga insulana and go biplaqa were obtained on t h e  2nd and 3rd 

days of oviposition (5th day a f t e r  adul t  emergence) respectively 

(Tables 7A and 7E f i g s ,  4 A  and 4B) , 

Isolated virgin females did not l ay  eggs throughout t h e i r  l i f e  

t h e  thus suggesting t h a t  in these moths, copulation i s  v i t a l  f o r  

both oviposition and egg f e r t i l i t y .  



TAi3LE 7 

FECUGITY OF FEMALE E, insulana AND Eo biplaqa UNDER LABORAWE -- - - 
TEMPERATURE - 

Species 

Na .  of observations 

No, t h a t  oviposited 

Total  oviposition period i n  days 

Mean oviposit ion period i n  days 

Total  Noo of eggs l a i d  

Range of eggs l a i d  

Mean fecund i'ty 

Largest No, of eggs l a i d  per 
f m a l e  

Largest No. of eggs l a i d  per 
f emale/day 

-- 

E o  insulana - Eo biplaqa - 



TABLE 7A 

AGE SPECIFIC SURVIVAL AND FECUNDITY RATES OF (30) E. insulana FEMALES - -- 
UNDER ROOM TEMPERATURE 

Age in Days 
(XI  

Survivor ship 
Rate (Ix) 

Total  Noo 
of Eggs 

l a i d  

Mean No. of 
Eggs Laid 

Fecundity 
Rate (mx) 

Sex r a t i o  1:1 (Anwar, Ashraf and Arif 1973). 

m = No. of l i v ing  females born per female in each age interval. 
X 

m = N 2, N being t h e  t o t a l  n a t a l i t y  per female of age x. 
X I x 



Fig, 4A: Age specific survival  rate (*---*---*) and fecundity rate 
(0---0---0) of ( 30) - Eo insulana females under room 
temperatur?. 



D a y s  a f l o r  a d u l t  e m e r g e n c e  



TABLE 7B 

AGE SPECIFIC SURVIVAL AND FECUDITY RATES OF (30) E, biplaqa FEWES - ,--. -&-: 

UNDER ROOM TEMPERATURE 

Age in Days 
( X I  

Suwivorship 
Rate (Ix) 

~ - 

Total  Noo 
of eggs 
l a i d  

~ -- - - - -  

Mean N O ~  of 
eggs l a i d  

Sex r a t i o  = 1: 1 (finwar, Ashraf and Arif 1973). 

F ecundity 
Rate (mx) 

m = No, of l i v ing  females born per  female in each age interval.  
X 

m = N 2, N being the  t o t a l  n a t a l i t y  per female of age x, 
X ,! x 



Fig, 4G: Age specific survival  rete (1-*---*I and fecundity 
rate (o-0-4) of (30) _E_, Fiplaqa females under 
room temperature, 



D a y s  a f t e r  a d u l t  e m e r g e n c e  



4eI-7 DURATION OF L V E  CYCLE 

Tables 8h and 8B show the duration of l i fe  cycle f o r  both 

species. 

+ The mean duration of l i f e  cycle of E. insulana was 21,E - 1.37 - 
days (range 20 - 25 days) (20 complete records) and 26.18 2 2,09 

dqys (range 22 - 28 d3.y~) f a r  - E. biplaga (16 complete records). 

The differences in duration of l i f e  cyclesof E, insulana and 

E. biplaga was s t a t i s t i c a l l y  s ignif icant  (P = ,05), - 



.-- 
No,  of 
O b s ~ .  
tims 

...- .--.-I- 

20 

TN3LE 8A 

LIFE CYCLE DURATION OF - E. insulana 

-~ - -- - -  

Incubat ior 
period in 

Days 

3 days 

3 " 
3 " 

3 " 
3 

3 " 
3 " 

3 " 

3 'I 

3 " 

3 If 

3 " 

3 " 
3 " 

Lnrval Dura- 
t ion in Days 

10 days 

9 " 

9 It 

9 

10 " 
10 " 
10 " 
9 " 
9 If 

9 It 

9 It 

3.1 " 
9 " 
10 " 

9 

. g I1 

9 " 
11 It 

10 It 

10 " 

M e a n  1 

Pupal dura- 
t ion in Day: 

9 days 

9 " 

9 " 
9 It 

7 " 
7 " 

7 " 
9 

10 It 

10 " 

10 " 
8 

10 " 
10 " 

10 'I 

10 " 

8 

8 

12 '1 

12 " 

Adult 
Longevity 
i n  Days 

6 days 

9 " 

g If ' 

5 ' 1  

9 

11 " 
10 " 
f3 

9 

5 " 

10 " 
6 

8 

8 'I 

10 " 

4 " 

6 If 

10 " 
7 " 

Duration 
of Life 
C y c l e  (from 
egg , - adult 
emergence) 

22 days 

21 " 

21 " 
21 " 
20 w 

20 'f 

20 " 

21; It 

22 't 

22 " 

22 " 
22 It 

22 " 
23 fl 

22 " 
22 It 

20 " 
22 11 

25 " 



- 
No, of 
observation 

Mean 3ura- 
4- t i on  - S,D, - 

TABLE 8B 

LIFE CYCLE DURATION OF ge biplaga 

I 
Incubation L-,mai 
period in c:ur,-.ticn 

Days 
I 
t ii.1 ; q s  

3 days 

3 " 
3 If 

3 

3 11 

3 " 
3 " 
3 11 

3 " 
3 " 
3 . "  

3 " 

3 " 
3 " 

3 " 
3 " 

3 days 

12 days 

12 " 

12 " 
12 " 
12 " 
12 " 
12 " 
12 " 

12 " 
12 " 
12 " 
12 '1 

10 " 
11 " 

11 " 

11 " 

Pupal dura- 
t ion  in Days 

12 days 

12 " 
12 " 
12 " 
12 11 

12 " 
11 " 
13 

13 l1 

13 " 
13 

13 

10 

8 l1 

8 " 
10 

Adult Lon- 
gevity h 

Days 

9 days 

9 

7 

7 " 
7 If 

2 " 
10 " 
8 " 
8 

8 

6 " 
6 " 
11 " 
5 "  

7 " 

8 " 

L i f e  Cycle 
Duration in 
Days (from 
egg - adult  
emergence 

27 days 

27 1' 

27 

27 

27 l1 

27 It 

26 

28 l1 

28 fl 



4.2 BRIEF DESCRDTION OF IMMATURF; STAGES AND ADULTS OF E, h s a a n a  -- - 

For completeness and avoidance of doubt, t he  vaxious stages 

of t he  two species of Earias used in the  present study are b r i e f l y  --- 

4,2,1 EGG: (Fig, 5), - 
" Mean diameter; 

E, insulana: 0,52 rnrn (range 0,42 - 0057 mm),  - - ----A- 

E, alas: 0-48 mm ( r m g c  0,42 - 0052 mm), - - - 
Bokh sphs.rs.cal, with longitudinal  r idges  running down the e n t i r e  

s u ~ f a c e  and pointing upwards t o  form some s o r t  of crown a n + s i o r l y  

(Fig, 5 ) .  Chorion l i g h t  green, changing from d i r t y  green t o  brown, 

i:!i~h a brown' r i ng  a t  t i l e  ankerior p a r t  p r io r  t o  eclosion, 

MAJOR DISTINCTION l3ETWEEr.J THE I;IZRV~LE OF E. insulana AND Eo biplaqa - -- - 
The larvae a r e  morphologically similar except t h a t  go biplaqa 

i s  darker brown in colour and has a p a i r  of dorsal ly  located b r a m  

tubercles  on t h e m 8 t h  abdominal segment, while t h e  la rva  of -.- E. insulana 

i s  l i g h t  brown and h n s  ;I ?air of d0rsa.ll.y l~ocatod white tub circle^ 

on the  8th abdominal segment, 



F 1 G . 5 .  Egg shewing shape a r ~ d  ionyi- 

t udinal ridges. 



4.2,2 GENERAL DESCRIPTION OF LARVAL STAGES OF BOTH MOTH SPXIES 

S T  INSTAR: (Fig. €3). 

m - 
Brown t o  dark brown. 

Mean head c a ~ s u l e  width; 

Adfrontal sutures  and frons not  c l ea r ly  defincd, clypeus not  w e l l  

defined, mouthparts indist inguishable but  chocolate brown, x e l l i  6, 

arranged i n  an a r c  shape in E. biplaqa and S-shape in 5- hsUlana0 - 

Frothoracic shield cream; true legs  l i g h t  brown, tubercles on 

m e s o -  and metathorax not developed, a p a i r  of wal shaped spiracles  

present on prothorax; peritremes no t  developed, s p k a c l e s  absent 

on meso- and metathorax. 

ABDOMEN 

Hairy, occluding external segmntation; prolegs cream c o l m e d ,  

located on t h e  3rd, 4Ch, 5th and 6th abdominal segments; crochets 

arc-shaped, Spiracles present on a l l  but  l a s t  2 segments, peri-  

tremes not  developed, Long conspicuous se tae  present on last 
k. 

abdominal segment. Body colour cream and d i f f e r s  markedly from 



those of subsequent ins ta rs ,  

2m.  STAR 

HEAU - 
Brown with numerous setae, 

Mean head capsule width; 

E, insulana: 0,41mm (range 0,26 - 0.52 mrn) - 
E, biplaga: 0,43 nm (range 0,33 - 0,51 mm), - ., 
Posi t ion,  arrangement and number of cephalic appendages a r e  as  i n  

1st instar. 

THORAX 

Prothoracic shield  cream with setae-bearing anter ior ly  

serrated p l a t e  running transversely across the  centre* Thoracic 

legs  brown; tubercles on meso- and metathorax not w e l l  developed 

but  absent on prothorax, A pa i r  of oval shaped spiracles  present 

on prothorax; peritremes not developed; spiracles  absent on meso- 

and metathoracic segments, 

ABDOMEN 

10 ~ e g m e n t e d , ~ $ ~ h  bearing 2 pa i r s  of reduced hairy  tUbercles 

with long terminal setae ,  one dorsally and the other l a t e r a l ly ,  

Last  segment with a p a i r  of claspers,  Prolegs cream, 8 p a k s  of 

oval shaped s p k a c l e s  on 1st 3 segments; peritremes not  w e l l  developed, 



Long conspicuous se tae  still present on l a s t  abdominal segment, 

3RD INSTAR: (Fig, ?3), 

HEAD 
-a 

Brown wlth numerous setae,  

Mem he& capsule width; 

Eo insulana: 3,76 mm (range 0-52 - 0.89 mrn) 
I _U- 

Eo biplaga: 0,63 mm ( r m g e  0.52 - 0.87 rnm), - 
Number, posit ion arid arrangement of appendages same as i n  previous 

THOklAX --- 
Frothoracic shield cream, Thoracic legs  brown; 3 segmented 

and each terminating i n  a claw, A pa i r  of spiracles  on prothorax; 

spir?.cles 3bsent on Teso and mntdzhorax, peritremes dark brawn and 

developed, Tubercles on meso and metathorax discernible  but  absent 

on prothorax, 

ABDOMEN 
.-., --- 

Segmentation, number and location of tubercles same as in  2nd 

instar, Tubercles hairy and developed, Colour, numbcx and location 

of prolegs, m c ' .  sh?pc o f  spiracles  and crochets s a n e  as in 1st 

i n s t a r ,  peritremes d?xk brown and developed, Larvae of both 

species basical ly  brown with white, grey and brown markings on body, 



A white band runs across the 1st abdominal segment, continues m i d -  

dorsal ly  along abdornlnal segments till the 8th segment that bears 

e i the r  a white o r  brown p a i r  of tubercles depending on the math 

species. Orange spots  on body discernible,  

4TH INSTAR: (Fig, 8' ) . 

Head chocolate brown with numerous setac,  

Mean head uapsule width; 

E. insulana: 1.19 mm (range 0,89 - 1,46 mm). - -- 
E, biplaga: 1.08 mm (range 0.88 - 1,46 mm). - 
Adfrontal sutures well developed <and frons  v i s ib l e ,  well defined, 

a d  brown in colour, Oce l l i  6,  arranged in an arc-shape f o r  

E. biplaqe and S-shape f o r  E, insulana, Clypeus well developed, - - 
mandibles-,v:s 5blc ,chocolate brown in colour and developec!, 

Frothoracic shie ld  l i g h t  brown, Thoracic legs brown; 3 segmented 

and terminating i n  a claw, h pa i r  of oval shaped sp i rac les  on 

prothorax; s ~ i r a c l e s  absent on meso- and metathor a c i c  segments ; 

peritremes dark brown and developed, Tubercles v i s i b l e  and present 

only on meso- and metathoracic segments, 



Abdominal appendages same a s  in previous instars. Body 

colour brown, Segments with paired orange spots located l a t e r a l l y ,  

5TH INSTAR 

HEAD - 
Head w i t 1 1  numerous se tae ,  chocolate brown, 

Mean head capsule width; 

E: insulana: 1,65 mm (range 1,43 - 1.68 mm) . - 
E. biplaga: 1-57 mrn (range 1,47 - 1.63 mm). - 
hdfrontal  sutures  and f rons  w e l l  developed and v i s ib le ;  f rons  

brown. Oce l l i  6 and arranged a s  in previous knstars fo r  both 

species, Clypeus well developed, mouthparts - mandibles s tou t ,  

dark brown, 

THORAX 

Prothoracic shield l i g h t  brown. Spiracles present on prothorax, 

peritreme dark brown; sp i rac les  absent on meso- and rnetathorax. 

True l egs  3-segmented ending in claws. k p a i r  of tubercles each 

present on t h e  meso and rnetathorax, Prothorax without tubercles. 

kBDOMEN 

10 segmented; abdominal appendages same a s  i n  the 3rd and 4th 

instars, Body colour and pa t te rn  brown and a s  i n  3rd ins tar .  

Orange spots on body segments very conspicous; a paFr located 

l a t e r a l l y  on each abdominal segment. 



F f G . 6 ,  F i r s t  instar 
larva.  



I 

Fourth instar Isrva. 



11.2.3 THE PUPA: (Figs. -9 and 7&0)),. 
.a -..a-c.- 

3oAy length: 3.5 mm (rang2 3.15 - 9.9 mm) . &dY &iy, 

licjht brown o r  cream ventral ly ,  thoracic segments being 

r e l a t i ve ly  darker than abdominal segments dorsally,  Metathorax 

with a p a i r  of spiracles ,  Eyes, proboscis, antennae and other 

appendages v i s i b l e  through transparent cu t i c l e  and terminate mid- 

way between W.E 4th abdominal segment (Fig, 91, Abdomen v i s ib l e  

a> 5 segments ventral ly  but a s  7 segments dorsally;  each segment 

hears a p a i r  of oval shaped spiracles  except the l a s t  where the  

geni ta l  organ occurs (Figs, 9 and 10).  

E. insulana: Small sized moth, wing span about 21.40 mm male; - *  ,-.*---a 

-...-----A --.A. .." 
22.72 mm f o r  females, Males and females very similar generally 

o:ccpt t h a t  in males the  abdomen is narrower; females with a 

r e l a t i ve ly  f a t t e r  abdomen, Antennae serrated and more hairy i n  

males but rather smooth in females. Forewings uniformly l i g h t  

green, each with a whitish margin which overlap mid-dorsally when 

the  insec t  i s  a t  rest t o  form a Y-shaped whitish configuration mid 

dorsally,  In  addit ion,  3 posteriorly-locatecl green marks a t  the 

cclgc of each forewing form an inverted V-shaped pat tern when the 



FlG.9:  ... Ver~tra l  v iew 

of the pupa. 
F1 G. 10. Dorlrral view 

of the pupa. 



F I G .  11 . I2itaqrarn showing the rnorpt~o(ogical diffewnccs 

ir, the rrlala, and ferrlala antannau. . 



and female (F) - E . insulana 





insec t  i s  a t  r e s t  with t h e  wings overlapping. Hindwings creamy 

white l i k e  t he  rest of t he  body. 

Small sized moth, wing span about 20.68 nun m s 1 . e ;  22.08 nun f o r  

female farewings yellowish green o r  greenish yellow; hindwings 

creamy white a s  the rest of the body, 

Sexes eas i ly  distinguished; male forewing with a darkened 

(brownish) margin a t  the t i p ;  female farewing with a brown patch 

in t h e  centre. The antennae in both sexes a r e  sLnilar t o  those of 

E, insulana and a re  a s  shown i n  Fig, 3.1, - 
4,3 FIELD OBSERVATIONS AND NATURE OF DAMAGE CAUSED BY - E- _inmiLana 

AND g, biplaqa 

The actual  process of mating was not observed e i the r  i n  khe 

f i e l d  o r  in the laboratory but copulation apparently occurred a t  

n igh t  when continuous observation was not  very practicable. I n  the 

f i e l d ,  moth eggs were usually l a i d  singly on fruit surfaces, and 

t o  a lesser extent on t h e  sepals (bracts)  of flowers and flower b d s  

(Table 10) -  The eggs were glued t o  the t i ny  ha i r s  of t h e  fruit  

with secretions from the moth, The number of newly l a i d  eggs found 

on any one fruit per  day ranged between 1 and 10, Although no t  

innately l a i d  i n  c1uste~-s ,  eggs were a t  times found in groups of 



2 or  3 on okro f r u i t s .  On hatching from eggs, f i r s t  instar larvae 

of both moth species l e f t  t he  egg cases and tended to dispersea 

Thereafter they crawled about on the  okro f r u i t s  and flowers and 

with time, gained entry i n t o  them, Although in the laboratory eggs 

w e r e  mostly found g?.uec! singly on the  t i s s u e  paper r h h g  the 

oviposition cages, some eggs were a l so  l a i d  i n  groups of 2 - 4 while 

some were l a i d  i n  s t r i ngs  of about 6 - 1 2  eggs glued togethero 

. Abscessing flowers dropped with t h e i r  l a rva l  content while 

those t h a t  successfully entered the  f r u i t s  proceeded t o  develop 

within. A s  many a s  2 - 3 larvae mostly of t h e  lst,  2nd and 3rd 

i n s t a r s ,  w e x e  a t  times found feeding within a s ing le  shrivelled 

f lowero 

Infested immature f r u i t s  ( f r u i t l e t s 1  shrivelled up and either 

remained on khe p lan t  or  aborted. Visual examination and dissection 

of f i e l d  collected aborted f r u i t s  revealed t h a t  some percentage of 

t h e  aborted f r u i t s  (Tables 12A, 12B md 1x1 w e r e  actual ly  damaged 

by the  larvae a s  they s t i l l  contained l i v ing  individuals. Some of 

t he  dissected zborted f r u i t s  w e r r  "ound t o  contain more than me 

larvae each. 

In  t he  case of the  f r u i t s ,  boring action often resulted in 

production of mucilagenous exudates a t  t h e  surfaces. On many 

occasions larvae,  especially 1st in s t a r s  got trapped and died i n  t h e  



exudates, 

Although okro f r u i t s  of almost a l l  ages were normally attacked, 

t h e  tender ones between 2 and 10 days old were the major v i c d m s .  

The larvae are in te rna l  feeders and usually bore i n t o  t h e  f r u i t  

from the t i p ,  the s ide  or through the  base of the f r u i t  s t a lk  

(calyx) (P la tes  1 and 2), I n  most cases, infested fruits had 

t h e i r  entry holes plugged with excreta ( f r a s s ) .  A s  the larvae 

.grew and the  contents of each carpel were consumed, they moved in to  

adjacent carpels destroying the seeds a s  they fed (p l a t e s  3 and 41, 

Although a s  many as  10 eggs w e r e  occasionally deposited per f rui t ,  

and one t o  six hatchlings could be found crawling on a fruit p r io r  

t o  boring, dissect ions  showed t h a t  most infested f r u i t s  each con- 

tained only me larva,  But no cannibalism was observed among the 

larvae i n  .the laboratory, 

When f u l l y  grown, the larvae crawled out of t h e  f r u i t  5n order 

t o  pupate: they never pupated within the fruit ,  Li the laboratory, 

pupation occurred both i n  the day and a t  night but  mostly a t  night, 

Once out  of t he  f r u i t s ,  f u l l y  grown larvae crawled about in search 

of places t o  spin t h e i r  s i lken cocoon, In the laboratory, they 

usually pupatcd c~ t he  nylon mesh covers t o  t h e  rearing cages while 

i n  t h e ' f i e l d  they pupated e i t he r  on t h e  shoots of okro or on nearby 

s t i cks  and w e n  on dry leaves on the  ground, 



The larvae spin si lken layer  a t  the  base of the  substratum., 

and by gradual s ide  t o  s ide  movement of 

t he  head, t h e  first layer  of the  cocoon which is i n i t i a l l y  trans- 

parent revealing the larva i s  constructed. The cocoon hardens up 

with t i m e  and bccomes non-transpgra&. The cocoon i s  shaped l i k e  

an inverted boat (P l a t e  5 )  and the pupa i s  obtect  (appendages 

adhered t o  rest of the  body) . However, the cocoon colour varied 

from white, d i r t y  white;to brown but t h e  differences i n  colour 

could not  be used t o  dist inguish the  species nor t he  sexes (Table 5 ) .  

Adult emergence occurred mostly a t  night. 

From the f i e l d  records, it was found t h a t  most of the  l a w a e  

collected during the  dry months of t h e  year (September r F'ebmary) 

gave r i s e  t o  E. insulana adul ts  while most of the  lanme collected 

during t h e  rainy months of t h e  year (March - July) when arkdent 

temperatures were generally low and humidities high gave rise t o  

E, biplaqa adults. Thus data on go biplaga l i f e  cycle was collected - 
mainly during t h e  ra iny months when they w e r e  more abundant while 

those of go insulana were collected during the dry season months - 
when they w e r e  more common, 

The adult  moths a r e  nocturnal i n  nature and were found only 

on very f e w  occasions in the  f i e l d  during the  study period. On 

emergence i n  the  laboratory, adul t  moths res ted f o r  a while before 



f ly ing  about within t h e  cages. Adult moths did no t  feed mediately 

a f t e r  emergence, Feeding s ta r ted  about t he  2nd day a f t e r  emergence 

and occurred mostly in the  morning and evening hours, There w a s  not  

much colour var ia t ion in  t h e  body colour of adul ts  on emergence, 

The adul t s  of - E. insulana had greenish forewings. On the other 

hand, males of - E. biplaga had greenish-yellow forewings, while the 

females had greenish-yellow forewings with a brown patch at the 

centre of each forewing ( a  sexual dimorphic ~ h a r a c t e r ) ~  

This study was characterised by scarc i ty  of 

specimens of both moth species, Consequently, based on 30 females 

of each species, observed fecundity was comparatively low (Table 7 )  

and t h i s  in turn accounted for low production of and ava i lab i l i ty ,  

of eggs f o r  t he  eqmAments, 



Plate 2 

Plates -1 and 2: Showing infested fruits damaged by larvae 
of E, insulann and E, biplaga, - -- - 



P l a t e  3 

F l a t e  4 

Plates  3 and 4 showkg the nature of damage of okro seeds 
by the larvae of E, insulana and 5. biplaqa, 



P l a t e  5: Side view of cocoon illustrating the shaix of 
the cocoon (inverted boat-shapt- 1, 



4,4,1 DAiRGE AND LLWVN, N U M E I 3 S  ON FRUITS FROM THE 3 PLANTING PERT,OE .. .---., -.-- -. 
For okro sown i n  t h e  1st planting period (September 19841, 

normal f r u i t i n g  period covered about 7 weeks a l l  in t he  dry season 

0:'; t h e  year,, In  tnes,, moth l a rva l  a t tack became v i s i b l e  f i r s t  

week of December, Of 251 f r u i t  samples plucked and dissected f o r  

lnrvae,  53,79,& were infested (Table 9A) . L w a l  populations bui l t  

up f a s t  within t h e  1st th ree  weeks, reached a peak about the 5th 

week and t a i l ed  off again i n  t h e  6th and 7th weeks, 

For okro sown in January 1985, f r u i t i n g  period l ingered for 

about 8 weeks i n to  the  ear ly  ra ins ,  Moth a t tack became obvious 

2nd week of March with 26,ES only of t h e  545 f r u i t s  sampled infested 

(T?blc 9D), The l a r v a l  population build up and damage on fruits 

w m , .  low i n  the  l s t ,  2nd and 4 th  weeks, However the build up and 

damage reached a peak in the  5th and 6th w e e k s  and decreased a g a h  

in t he  last-, t ~ , ~ o  wwlc:;,. 

For t he  3rd planting in March 1985, f r u i t i n g  'and pes t  attack 

started l a s t  week of May and lnste:! f o r  8 weeks, a l l  in t h e  ra iny  

s:-.aso:l. The l a r v a l  build up and damage on f r u i t s  was generally 

low with the peak incidence and grea tes t  damage occurring about 

t he  7th .and 3rd weeks of harvest  res rcc t ive ly  (Table 9c). Only 

cbouk 7,55'L of 635 fr-..'.'-r Ilarvestc.! w7r .2  infcstt..c!, The g rea t e s t  



damage on f r u i t s  (65,9%) occurred in t h e  month of January during 

the  1st planting period (dry season) (Table 13B) while t h e  lowest 

damage (PL) occurred i n  May during the  3rd planting period (rainy 

season) , The rela t ionship between monthly temperature, r a i n f a l l ,  

humidity and egg and l a r v a l  build up on f r u i t s ,  aborted f r u i t s ,  

shr ivel led flowers, a s  w e l l  a s  the  percent damage on fruits and 

aborted f r u i t s  are shown in  (Tables 13A, 1 3 B  & 14) and are graphi- 

c a l l y  represented on figs.  Tm, 32;:; '  $ZC';.;l%, f3U;'TdX''and 14. 

From the  graphs, l a rva l  build up and damage on f r u i t s  

decreased with increase in temperature and r a i n f a l l ,  Thus a negative 

bu t  highly s ign i f ican t  correla t ion (r = - 0.73 and r = - 0,871, 

(P = - 0 5 )  was obtained from the correlation of l a rva l  build up, and 

percent damage on f r u i t s  with r a i n f a l l  respectively while humidity 

=and temperature did not s t a t i s t i c a l l y  a f f e c t  the  l a rva l  build up 

and damage on f r u i t s ,  

Fig, 1 4  shows the re la t ionship between egg build up in t h e  

f i e l d ,  l a rva l  build up on f r u i t s ,  flowers, aborted f r u i t s  and per- 

cent damage on f r u i t s ,  The monthly l a rva l  build up in the field 

increased wit11 jncrease in egg deposition. Consequently, the  

months with heavy deposition of eggs in t h e  f i e l d  corresponded w i t h  

those with high la rva l  p o p l a t i o n s  which resul ted i n  high percent- 

age damage on harvested f r u i t s ,  



4.402 DAMAGE ON ABORTED FRUITS 

Although abortion of okro f r u i t l e t s  could be caused by certain 

physiological and weather condit ions,  some of t h e  cases recorded 

during t h i s  study, were cer ta in ly  brought about by boring and feed- 

ing action of larvae of Emias  species on immature f r u i t s  ( f r u i t l e t s ) .  -- 
During the  1st plant ing period, 22 ( 19.13%) out  of 1'15 aborted 

f r u i t s  collected w e r e  infested by t h e  noth larvae, Aborted fruitlets 

col lected in t h e  1st 2 weeks of harvest  were not damaged by the  

larvae. Damage on aborted f r u i t s  became evident from about the 3rd 

week of harvest  and continucd throughout the  harvest  period w i t h  

the grea tes t  damage occurring about t he  6th week of harvest  (Table 

1 2 A )  0 

O f  t h e  155 aborted f r u i t s  collected during t h e  2nd planting 

period,  only 29(18.71%) were infested by larvae, The aborted 

f r u i t s  collected in the  1st two weeks from f r u i t i n g  were a l so  free 

from l a r v a l  a t tack while t h e  percentage in fes ta t ion  was highest  in 

the 5th  week c o l l c ~ t i o n s   able 12B). 

For the  3rd planting period, 44 (15.490A) of 284 aborted fruits 

so  col lected w e r e  infes ted by moth larvae. Again col lect ions  from 

1st wee& f r u i t i n g  were pes t  f r e e  while the l a rges t  number of 

infes ted f r u i t l e t s  w e r e  recorded about t h e  3rd week of f r u i t i n g  

period  able 1X). On t h e  whole, more fruitlets aborted through 



l ~ a m a l  attack during the 1st planting period (September - January) 

when fruiting fell within the d r y  season khan during the 2nd and 

3rd plantings  arch - July) when f ru i t ing  period coincided w i t h  

t he  rainy scason, Indeed far t h i s  series, heaviest lama1 damage 

w a s  ricordod in the month of January (25%) while t he  least damage 

(0%) occurred in May. 
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TABLE 10 

RELATIVF: ABUNDANCE OF EGGS ON PLANT P A m S  - -- 

nonth Pedicel 

A p r i l  I - 
Play - 
June - 

PLANT PARTS 

Total number of e g g s  collected from the  f i e l d  = 267 

Lea;s Flower ~ u d /  
Flower Bracts 

22 

30 

3 

- 6 

% found on f r u i t s  = 
209 x 100 

26.7 

Fru i t s  

46 

25 

- 
5 8 

- 58 x 100 
55 found on flower bud/flower, 
bract  - 267 



TABLE 11A 

LARVAL CO?.TSNT OF SHRIVELLED/FALL$N FLOWERS : S T  
P ~ T J N G  (WTH SEPTEKBER 1984 - 19'PH JANUAFX 1985) 

No. of Larvae 
Collected 

Week of Collection 
(Weeks after Plant- 

i w  ) 
UI m.--.O-r--.-- 

No,  of Shrivelled 
Flowers C o l l e c t d  

1st ( 2nd-8th Dec ' 84) 
(12 Wcs) 



LAiiVAL CONTENT OF SHRIVELLED/FALLEN FLOWERS : 2ND PLANTING -. 
(14TH JANUARY 1985 - 4TH MAY 1985) - 

Week of Col lec t ion 
(Weeks a f t e r  P lan t ing  ) - 

No, of Shr ivel led  
Flowers Collected 

1st (10th-15th March 85 ) 
(3  Wks) --- 

2nd 
.. (10 Wks) 

-U.C_u.c______..-u..-u..-u 

3rd 
(11 Flks) ---- 
4th Apri l  '05 

(12 Wks) " - , .----.- 
5 t h  

(13 Wks) 

No, of La rvae  
Collected 

2 4 

37 

49 

25 

86 

7th 
(15 Vks) --- 
8th May ' 85  

(16 Wks) -..- .- 

T o t a l s  
P 

48 

16 

385 



TABLE 11C 

LkiiVAL CONTENT O F  SHKIVELLED/FALLEN FLOWERS: 3RD PLANTING 
(28TH MARCH 1985 - 25TH JULY 1985) 

- 
Week of Collection 
(Weeks a f t e r  plant- 

ing) 

1st ( 28th-31st May' 85 
(9Wks) 

6th July 85 
( 14 Wks) 

Totals  

No, of Shrivelled 
Flowers Collected 

No, of L a n r a e  
Collected 



LIiRVIiL CONTENT OF kL30RTET) F R U I T S :  1ST PLANTING (19TH SEPT, 19134 - -------- -.I_ ..&LA --- 
1WH JiUUdiRY - 1985) 

-..r- - --a 
Total No. 
of Larvae 
collecterl 

"*- - 
% 

Damage 

% damage = .-- 22x100 = 19,13X 
115 



LARVAL CONTENT OF KXIKTED FRUITS: 2ND PLANTING (14TH JANUARY 1985 - 4TH .--. 
MAY 1985 ) 

No, of No. in- 

f r u i t s  damaged 
collecked 

Total  
No.  of 1 h r v a e  

collec- 
t e d  

- 

Week of Collection 
(Weeks a f t e r  planting) 

uo. of 
aborted 
f r u i t s  
contain- 
ing larvae 

1s t 
(10th - 16th March, 

'1985 

Totals  

% damage = 29x100 = 18,71% 
15 5 



LARVAL CONTENT OF k.jOFiTEI3 FRUITS: 3RD PLIJJTING (28TH MARCH 1905 - . ..-,.?,-.. =-------- - -- 
25TH JULY 1905) ..- 

I _-  . -0 - L I - d - T I I P I I - I  --..--I- -- .-- 

Vkek of Collection No. in-  
(Weeks a f t e r  planting) 

f r u i t s  damaged 
c o l l e c t  

( 9.O Wks 
..-..- -...- .- .a- 

2nd June ' 0 5  
(10 Wks) -ff+- 

. . .. -4. U... ..a -_----- ----- -- 
3rd L 

(11 N c s )  C 

. . ---..%a*-- -.---- 

i t7:+ 
4th 

( 1 2  Wks) 3 3 1 6  I 

Noo of 
abortec! 
f r u i t s  
contain- 
ing larvae 

----.-- 

Total  N o .  
of larvae 
col lected 

% damage = 44 loo - = 15.49% 
204 
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CHAPTER FIVE 

DISCUSSION 

DEVELOPMENT (Li fe  Cycle) 

In  t he  present $tudy a t  temperatures of 2& - 31°c and 

humidity 65% - 80% and using okro a s  host  plant ,  developmental p e i d  

+ 
of 5. insulana from egg s tage t o  adul t  emergence took 21.75 - 1.37 

days and tha t  of E. biplaqa 26.19 2 2.09 days. Resulting progeny - 
l a i d  v iab le  eggs suggesting tha t  indeed okro i s  a su i tab le  a l t e r -  

na t ive  host  plant. The r e s u l t s  are somewhat s imilar  t o  those 

obtained fo r  Earias species a t  temperatures ranging from lgOc - 2g0c 

and humidity 56,5% - 57% when larvae were fed on cotton f r u i t s o  

Megahed et a1 (1972) recorded 10 overlapping generations in the 

laboratory with a m i n i m u m  mean duration of 23,6 2 006 days a t  28'~ 

+ 
and 56.5% HH, and a r n ~ x i m u m  mean duration of 82,5 - 1.4 days ( a t  

1 9 ' ~  and 57% KH) while Haida-i, (1967) recorded 6 - 8 generations 

with each generation l a s t i ng  about 23 days a t  25'~ - 29'~. 

The egg, l a m a l ,  ,pupal and l i f e  cycle durations of g, biplaqa 

were longer than those of go insulana and the differences were 
(3= .osJ 

s t a t i s t i c a l l y  svpLficant- ,  This i s  however p s s i b l ~  since the  

duration of immature stages a r e  inversely re la ted t o  temperature 

and are longest d u r h g  the  rainy season and shor tes t  during the 

100 



dry season (EntwistleJ1969). Thus the  r e l a t i ve ly  lower t a n p e r a h r e  

durlng the  rainy season when g. biplaqa was more abundant might 

have lowered the  r a t e  of development and s l i gh t ly  prolonged the 

duration of l i f e  cycle while E, insulana t h a t  occurred mostly during 

the dry season had a r e l a t i ve ly  f a s t e r  r a t e  of developmat and thus 

a shorter l i f e  cycle duration, 

5,1.2 ADULT LONGEVIm 

Although from t h i s  study adul ts  of E. insulana l ived %ong@r 

+ 
(7.9 - 1.95 days) than those of 5 hiplaga (7.3 2 2.02 days), the 

differences i n  l i f e  spans w a s  not s t a t i s t i c a l l y  significant.  How- 

ever on average, female moths (E. - lnsulana 6.5 days; and - E, biplaqa 

6 -2  days) l ived longer than males (E, - h s u l a n a  5.7 days; g. biplaqa 

6 days) , 

In  l i t e r a t u r e ,  adul t  females of Earias species have s h i l a r l y  

been reported t o  l i v e  longer than males. Females l ived for  4 - 10 

days a t  30°c and 70% RH, 2 - 7 days a t  ~ O C  and 50% RH (Assm eJ a l ,  - 
1974) ; 10 days o r  more.at 28 - 2g0c and 39 days a t  14,2O~ (Yathom, 

1958) ; 14 2 0.9 days a t  31090~  and 51,2% RH and 41.8 2 4.3 days 

a t  19% and 597, .W (~egahed  et - - a1,1972). Male adul t  longevity was 

8 ,  4.5, 2.5, and 2 days a t  25O~, 30°c, 35Oc and 40°c respectively 

(Grewal - et - a1,1969); 10 days (Yathom, 1958); 17 - 28 days (Entwistle, 

1969) ; 2 - 8 days a t  30% and 70% RH and 1 - 5 days a t  l 5 O ~  and 



50% RH and 16 - 35,65 ?: 3.6 days (~egahed  e t  a19972).  - - 
Although the difference i n  longevity of m y  male and female 

moths was s t a t i s t i c a l l y  s ignif icant  (P = ,05), there  appeared t o  be 

no re la t ionship between female longevity and number of eggs produced 

since the  correla t ion analysis of female longevity and nuniber of 

eggs l a i d  gave a non-significant value. The r e l a t i ve ly  longer 

longevity of females over males could have been due t o  the unkmown 

ph&iolor?ical s t a t e  of the  tes ted females (Kehat and Garclon,1975) 

s ince according t o  them the  contradictory findings on male and 

female longevity of the noctuid So l i t t o r a l i s  i s  due to the abwe - 
reason, I n  t he ' s a id  species,  longevity of males become greater when 

mated females and males a r e  compared and t h a t  of females becme 

greater when unmated females and males a r e  compared. No difference 

in longevity is  detacted when a mixed population of mated and 

unmated females i s  compared with males, From t h i s  obsenmtion it 

is therefore possible t h a t  most of the  females used in the present 

oviposition studies did no t  mate under t he  laboratory conditions 

hence their r e l a t i ve ly  longer longevity over males. 
\ 

5.1.3 FECUNDITY 

In t h f s  study adult  - E. lnsulana on a diet: of honey l a i d  

+ 
0 - 3,77 eggs throughout l i f e  while - E. biplaqa s imilar ly  deposited 
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9.3 - 3,51 cggs, Assem g 11 (1974) observed t h a t  a t  30°c and 7% 

0 
RI; and 15 C and 5G% RH, t h e  average number of eggs l a i d  pe r  fcmalc 

of E, insulana was 10 - 50 and 50 - 70 respect ive ly ,  Yathom, (1958) - -.-.,. 

rcportcd t h n t  a t  modcratc temperatures of 25 - 2aUc, which prevai led  

in I s r a e l ,  thc nvcrage number of eggs laicl pe r  femalc E, -ip-s~J~n~ 

0 w c s  136 eggs a s  aga ins t  54 cggs per  female a t  29 C. In  t h c  same sp  

+ spcc ies ,  Mcgahcd - c t  51 (1972) repor ted  a minimum of 164 - 20.4 eggs 

+ o 
a t  3 1 , ~ ~ ~  mc! 56% RH ant1 ii maximum of 422 - 29,7 eggs a t  26-6 C and 

5G,5"/oH. Frorn t h c  foregoincj records ,  the fecundi ty  l e v e l s  r epor t& 

in thc present  work a r e  thus rlccidcdly very low, 

I n  Lepidoptera, d i e t a r y  v a r i a t i o n s  in  t h e  rearing media ( q u a l i t y  

an2 quant i ty  of food, and n u t r i m t s  of l a r v a l  and a d u l t  diet)  are 

known t o  a f f e c t  t h e  t o t a l  number of eggs l a i d  (fecundity)(wigglesWorth) 

1365; Vishwaprcmi and Krisha11975; Megahd e t  a1  - -  
Vishwapremi and Krishna (1974) o b s e r v d  t h a t  feeding of t h e  l a r v a e  

of E, f a b i a  on d i f f e r e n t  components of okro (whole f r u i t ,  mcsoccarp, 
-L.. - 

epicarp and scccls), prorlucd vcariations in  t h e  number of  ec ;p  l a i d  

p a  fumalc. ( fecundi ty)  :&$' t h a t  secd-recar& females lair1 t h e  maximum 

number of eggs 675, l  while t h e  lowest fecundity of 119.81 cggs was 

recorclcd i n  ep ica rp - rea rd  moths, Krishna e t  a1  (1977) a l s o  - - 
obscwed t h a t  d i f f e rences  i n  both concentrat ions and a d u l t  d i e t  

a f f t ~ t c c l  t h e  fecundity of - E, -- f a b i a  females and t h a t  females fcd on 



15% raf f inose  solution l a i d  more eggs while conca-hra~ons  below 

1% leve l  severely rcduccd egg yield ,  

It s e a s  l i k e l y  therefore  t h a t  t he  low fecundi t ies  recorded i n  

t h i s  study a s  against  higher values reported i n  l i t e r a t u r e  i s  due 

t o  di f ferences  in the  l a rva l  and adul t  d i e t s  (nu t r i t i ona l  composition 

of t h e  h o s t / f o d  plants  (cot ton,  okro and honey) used f o r  t h e  studies,  

Moreover analysis  of both cotton and okro f r u f t s  have rmsled 

varia t ions  in t h e i r  nu t r i t i ona l  composition, While Church, (1971) 

has shown t h a t  the average composition of whole cotton seed by per- 

centage is carbohydrate 23, o i l  22, prote in  20, moisture 10, crude 

f i b r e  20 and ash 5 ,  it has been reported by Franklin ancl Ruth Ruberte 

(1970), t h a t  t he  ca lo r i c  contribution of okro is low r e f l ec t i ng  the 

presence of ? i t t l e  carbohydrate and l i t t l e  fa t .  The nu t r i t i ona l  

content 04 f resh okro pod expressed in percentage is moisture 

87-05 - 88.05, prote in  2-61 - 2-93, f a t  0.29 - 0,40, ash 0-92 - 1.10, 

carbohydrate 6,59 - 6,83, f i b r e  1.21 - 2.13 (El-Nahry, El-Ghorab, 

and Y 0 u n . F )  1978). 

5.1.4 DETERMINATION OF LARVkL INSTARS W E D  OM DIRECT COUNT AND 
FREQUENCY DISTRIBUTION OF LARVAL HEAD CAPSULES 

From d i r e c t  count of shed head capsules, it was established 

t h a t  during development under the reported near n a b a l  conditions, 

Eo insulana and E, biplaqa pass through 5 l a rva l  instars. This - - 



agreed reasonably with t h e  4 - 5 l a rva l  instars reported fo r  the 

same species (pomeroy ,1925 ; Murtuza and Waheed ,1969 ; and Megahed 

e t  - aJ ,1972)when reared on cotton. In t h e  present h v e s t i g a t i m ,  

however, the frequency d is t r ibu t ion  of widths of pooled l a rva l  head 

capsules (representing wider spread of materials than t he  l imited + 

numbers reared in the  laboratory alone) did not  give 5 clear cut 

peaks as should be expected (Schmidt, Campbell and Trotlier,l971). 

Apparent cmplex i t i e s  a r i s ing  from frequency d is t r ibu t ions  of 

lawal head capsules have been explained by.Schmidt et  a1 1971 and 
C - 

Sehmidt and Lauer 1977: and they may reflect possible postembryoniC 

developmental polymorphism. According t o  them, such graphs become 

eas ie r  t o  i n t e rp re t  only when head capsule widths are broken i n t o  

both sex snd .instar groupings and t h a t  t h i s  method i s  unsuitable 

for clettxrnining the  number of l a rva l  i n s t a r s  i n  Lepidopterous 

species with post-embryonic polymorphism. The inconclusive peaks 

t o  the frequency dis t r ibut ior ,  graph of l a r v a l  head capsule widths 

obtained i n  t h i s  study could therefore be due t o  t he  non-separation 

of t he  l a r v a l  specimens i n t o  both sex and i n s t a r  groupings, It 

a l so  suggests a poss ib i l i t y  of developmental polymorphism in the 

mth spec5cs s tuc I i c~ ,  which though not  observed on t h i s  occasion 

has been reported in - E. biplaqa in Western Nigerid (Entwistle,l963) ; 



E, insulana and E. biplaga in Ivory Coast (Couilloud, 1983). In 
-A 

Ivory Coast fo r  instance, besides t he  typical  green form, g. insulana 

had a yellow winter form  at predominated i n  December - February, 

an intermediate bordered f o m  in Spring and Autumn, and a rare 

spotted form in September - Decanber while g. biplaga had w e t  scascn, 

dry season and intermediate forms and sexual dimorphism within each. 

H e  a l so  r e p o r t 4  t h a t  while r e l a t i v e  humidity was the most important 

f ac to r  determining colour form, temperature played a secondary role. 

5.2 FIELD OBSERVATIONS AND ASSESSMENT OF DAMAGE 

5.2.1 RELATIVE ABUNDANCE OF go insulana AND g. biplaqa 

Despite s imi la r i ty  in morphology, l i fe  cycle, and nature of 

damage of l a rva l  stages of both moth species, insulana was nore 

abundant during t h e  dry season (September - February) though found 

only in small numbers, par t icu la r ly  a t  t h e  beginning and end of t h e  

rainy season, while E. biplaqa was more common during the  ra iny - 
season (March - July) .  'This  observation agrees with t h e  findings 

of Haroon Khan, (1946) in Funjab, India;  Droodryk, (1971) in 

Gntooma, Rhodesia and Couilloud (1983) in Ivory Coast t h a t  while 

E. insulana i s  more common in the  dry season Eve g p l a q a  predominates .. . .--- 
during the rainy season. 



Ecologically therefore,  it would appear t h a t  - E. insulana i s  a 

hardier species than g. biplaga and thus capable of to le ra t ing  a 

wider range of c l imat ic  conditions (Couilloud~l983) . 
502.2 DAMAGE OF FRUITS -- 

Although damage was not  monitored a l l  through the year, a t tacks  

by Em. -&sulana and - E, biplaqa larvae s ta r ted  only when f r u i t i n g  of 

okro"commenced. It i s  therefore possible, a s  kdkisson ( 1961) po inkd  

out,  t h a t  the source of l a r v a l  d i e t  and ava i l ab i l i t y  of nectar for 

adul ts  t o  feed on are a l so  important factors  i n  determining pes t  

incidence and abundance, Although differences in l a rva l  build up 

during t h e  rainy season and dry season were not  s t a t i s t i c a l l y  signi- 

f i can t ,  the  build up during t h e  rainy season was greater than in the  

dry season.  his could probably be due t o  differences in the length 

of the growing season which was r e l a t i ve ly  longer in  t h e  rainy 

scason (March - July) and thus supported more larvae than the  dry 

season tha t  l as ted  from pecember - February , Moreover it is  believed 

t h a t  t h e  population of phytophagous insects decl ine during the d r y  

season and increase during the  wet season when host  p lan ts  are 

p len t i fu l  (Lyon)1968). 

About 10.83"/,f t h e  16,06% cases of abortion recorded was caused 

by the  larvae while only 23.06% of t h e  harvested f r u i t s  were damaged, 
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Based on t h e  t o t a l  number of fruits sampled, t h e  t o t a l  damage on 

okro fruits was low. Since here in Nigeria both healthy and 

infested okro f r u i t s  are eas i ly  marketed together, and the infested 

f r u i t s  are s t i l l  par t ly  useable by people, damage on okro by the 

Earias species could be said t o  be r e l a t i ve ly  negl igible  thus every 

i n f e s t ~ d  okro f r u i t  may therefore  not  be regarded as a t o t a l  loss. 

The t-test analysis  of t h e  damages caused during the rainy and dry 

seasons was s t a t i s t i c a l l y  s ign i f ican t  with the  greateet  damage on 

both harvested fruits and aborted fruits occurring i n  January (dry 

season) and the  l e a s t  damage occurring in May (ra iny season). 

Coincidentally i n  Nigeria, okro l i k e  most food crops, are grown 

when they would benef i t  most from the  rains.  Here the ra ins  not  

only supported t h e  growth of okro but a l so  make f o r  low incidence 

of i t s  two subject  moth pes t s  i n  the  f i e l d  during this season. It 

is therefore  advisable t o  time the planting of okro such t h a t  

f r u i t i n g  and harvesting w i l l  occur within the  rainy months of the 

year when darn-ge i s  expected t o  be minimal - a f a c t  which i s  re- 

f lected i n  the  t r ad i t i ona l  agr icu l tura l  pract ices  of the people, 

In India,  sn increase in r a i n f a l l  time of 1 day dczeased 

bollworm damage by 4,05% (Balasubrarnanian e,t =1,1981), Similarly 

Balasubramanian e t  a1 (1982) concluded t h a t  the incidence of go - - 
insulana, - Eo v i t e l l a ,  - H, --- mi= and g. qossypie,lS on cotton in 



TauiilMadu,India i n  the  year 1979 - 80 was l o w  a s  a r e s u l t  of heavy 

r a i n f a l l  and l o w  temperatures, 

5-2-3 PEST STATUS ON OKRO 

According t o  Lyon (19711, no d i a ~ a u s e  has been demonstrated 

in Heliothis and Earias in Nigeria thus in fes ta t ions  of these pes t s  

probably or ig ina te  on a l te rna t ive  dry season hosts. H e  a l so  noted ihti-h~ 
-fact 
, thak nei ther  of these bollworms is a major pes t  may be due t o  t h e  

f a c t  t h a t  the  numbers on the a l te rna t ive  hosts  decl ine to l o w  l eve l  

in t h e  dry season and recover slowly on the cotton. This could a s  

well explain t he  low percent damage and non-seriousness of the moths 

a s  pes t s  of okro, Thus it is  possible t h a t  okro only s w e s  a s  one 

of the a l te rna t ive  host  plants  f o r  t h e  moths when cotton i s  not in 

season and which therefore  accounts f o r  the low pes t  incidence and 

damage recorded on okro, 

5e2.4 POSSIBLE CONTROL 

Based on t h e  results of this study, it is suggested t h a t  

Em insulana and E, biplaga of okro could effect ively be controlled - - 
by application of a systemic insect ic ide since the 1-e are 

i n t e rna l  feeders, Contact insect ic ides  could a l so  be used and 

spraying should be timed t o  coincide with hatching of 1st instar 

l a rvae  f r o i e g g s  when only minute amounts of insect ic ides  are 



required t o  k i l l  the  very young instars sinceolder or mature larvae 

become progressively more d i f f i c u l t  t o  k i l l  due t o  their 

increasing mass ( ~ a b e t t ,  1983). 

In view of the damage caused by t h e  pests  and t h e  hazards of 

environmental pollution by pesticides,  the  use of the suggested 

foregoing expensive chemical control measures may not seem just if i-  

able.. 'Instead, f o r  the control of these pests,  proper t i m i n g  of 

swbg and h&esting dates, timely and regular picking and removal 

of infested f r u i t s ,  as well as removal of aborted f r u i t s  and flowers 

are suggested as an effect ive way of managing the damage-causing 

larval  populations of these moth species. 
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