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G H U LA M -U LLA H  CHAUDHRY A BSTRA CT

T he d e v e lo p m e n t and  fec u n d ity  of the o r ie n ta l  f r u i t  m o th , 

G ra p h o lith a  (C ydia) m o le s ta  (B usck) w as s tu d ied  u n d e r s e v e r a l  

c o n tro lle d  te m p e ra tu re s  of 50. 5° to  95° F .  and  re la t iv e  h u m id ­

i t ie s  of 35% , 70% an d  100% . T he op tim um  ran g e  of te m p e r ­

a tu re  fo r  th is  in s e c t  w as 7 5 ° -8 5 °  F .  I t  cou ld  develop  a t  95°

F . u n d e r h ig h  h u m id itie s  only . T he in cu b a tio n  p e r io d  w as 

lo w e s t u n d e r 70% re la t iv e  h u m id ity  a t  te m p e ra tu re s  of 65° to 

95° F .  A t low  te m p e ra tu re s  of 5 0 .5 °  and  60° F .  the  eggs 

deve loped  b e s t  u n d e r 100% re la t iv e  h u m id ity . T he eggs to l­

e ra te d  a n  e x p o su re  of fo r ty  h o u rs  to  98° F .  and  tw en ty -one  

h o u rs  to  105° F . ,  bu t th e ir  in cu b a tio n  p e rio d  in c r e a s e d  by 

24-40  h o u rs  a s  c o m p a re d  to  th o se  kep t th ro u g h o u t a t  an  o p ti­

m u m  te m p e ra tu re .

o o
T he th re s h o ld  of d ev e lo p m en t fo r  eggs w as 40 and  44

F . ; fo r  pupae 4 6 .5 °  and  5 2 .5 °  F .  u n d e r  re la t iv e  h u m id itie s  

of 100% an d  35% , re s p e c t iv e ly . F o r  la rv a e  i t  w as 4 3 .5 °  F . 

The eg g s and  pupae can  develop  a t  lo w er te m p e ra tu re s  when 

e x p o sed  to  h ig h  h u m id ity  th an  u n d e r low  h um id ity .

T he la rv a e  of the  f r u i t  m o th  e n te re d  in to  a  s h o r t  d ia ­

p au se  fo r  a  p e r io d  of 31 to 60 day s an d  in to  a  long d iapause
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of o v e r  60 day s d u rin g  S e p te m b e r  to  N o v em b er, 1950, u n d e r 

v a r io u s  co n d itio n s  of te m p e ra tu re  and  h u m id ity . A  s u b s ta n ­

t ia l ly  l a r g e r  n u m b e r of la rv a e  e n te re d  in to  an d  c o m p le te d  th e i r  

long d iap a u se  w hen the  r e la t iv e  h u m id ity  to w hich  th ey  w e re  

e x p o sed  d u rin g  the  cocoon p e r io d  w as h igh  enough. G e n e ra lly  

ou t of th e  to ta l  n u m b e r  of m o th s  e m e rg in g  a t  v a r io u s  te m p e ra ­

tu r e s  a b o u t 50% , 33% and  0 .0%  m o th s  e m e rg e d  f ro m  th e  long 

cyc le  la rv a e  u n d e r  r e la t iv e  h u m id itie s  of 100% , 70% an d  35% , 

re s p e c t iv e ly . T h is  a d a p ta tio n  e n s u re s  g r e a te r  s u rv iv a l  fo r  

th is  s p e c ie s  in  re g io n s  w h e re  a h igh  h u m id ity  of 80-90%  p r e ­

v a ils  in  la te  su m m e r  and  fa l l .

P h o to p e r io d is m  did  n o t a ffe c t the  in d u c tio n  o r  d u ra tio n  

of la r v a l  d ia p a u se  a s  th e  la rv a e  w en t in to  h ib e rn a tio n  even  w hen 

g row n in  d a rk n e s s .  T he r e a l  c au se  w hich in i t ia te s  d iap a u se  

m a y  be in h e re n t.

T he v ia b il i ty  of th e  pupae w as u su a lly  h ig h e s t u n d e r  

s a tu r a te d  a tm o s p h e re . The m o th s  la id  m o re  eggs if  th e i r  

p re im a g in a l  life  had  b e en  u n d e r h ig h e r h u m id itie s .

T he p r e s e n t  d is tr ib u t io n  of the  o r ie n ta l  f r u i t  m o th  in  

te m p e ra te  re g io n s  a p p e a rs  to  be g o v ern ed  by re la t iv e  h u m id ity .
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In  h u m id  a r e a s  the in s e c t  is  m o re  ab u n d an t th an  in  d ry  a r e a s .  

T h is  d if fe re n c e  i s  e x p la in ed  h e re  by  th e  in flu e n ce  of re la t iv e  

h u m id ity  on i t s  d ev e lo p m en t an d  on the  s u c c e s s fu l  co m p le tio n  

of l a r v a l  d ia p a u se ; h ig h e r  h u m id itie s  fa v o u rin g  th is  in s e c t  an d  

lo w e r h u m id it ie s  a ffe c tin g  i t s  b io tic  p o te n tia l  a d v e rs e ly .
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The

(B usck) is

I. INTRODUCTION

o r ie n ta l  f r u i t  m o th , G ra p h o lith a  (C ydia) m o le s ta  

an  im p o r ta n t  in s e c t  p e s t  of p e a c h  and  o th e r  stone

f r u i t s ,  a p p le , qu ince  an d  p e a r .  The la rv a e  b o re  in to  te n d e r  

sh o o ts  of p e ac h , w hich  is  the  m a jo r  h o s t p la n t in  the  U nited  

S ta te s  of A m e r ic a ,  and  la te r  they  a tta c k  i ts  f r u i t s .  In the 

c a se  of o th e r  h o s ts  the  p e s t  g e n e ra lly  a t ta c k s  f r u i t s .  The 

m o th  w as re p o r te d  f i r s t  in  1916 doing c o n s id e ra b le  dam age 

to  p e ac h  t r e e s  w ith in  a  r a d iu s  of tw en ty  m ile s  a ro u n d  W ash­

ing ton , D.

in tro d u c e d

C. S u b seq u en t in v e s tig a tio n s  show ed th a t i t  w as 

in to  th a t lo c a li ty  on flo w erin g  c h e r r i e s  im p o rte d

f ro m  Ja p a n  ab o u t th r e e  y e a r s  e a r l i e r .  By 1918 the  p e s t  had  

s p re a d  to New  J e r s e y ,  N ew  Y ork  and C o n n ec ticu t; e v e r  s in ce

i t  h a s  been

In sp ite  of

e s ta b l is h e d

sp re a d in g  to  d ec id u o u s o rc h a rd s  in  a l l  d ire c tio n s , 

s t r i c t  q u a ra n tin e  m e a s u re s  the  p e s t  is  now w ell

in  C a lifo rn ia .

O u tside  th e  U n ited  S ta te s  of A m e ric a  the  o r ie n ta l  f r u i t  

m o th  h a s  b een  r e c o rd e d  f ro m  C anada, I ta ly , F ra n c e ,  New Z e a l­

an d , A u s tr a l ia ,  C hina an d  Jap an . In Ja p a n  i ts  dam age w as

f i r s t  n o tice d in  O kayam a P r e f e c tu re  in  1901 and  1902, a s



r e p o r te d  by H aru k aw a (12) and  H a e u s s le r  (14). It i s  now  gen­

e r a l ly  d is t r ib u te d  th ro u g h o u t the  c e n t r a l  an d  so u th e rn  p a r t s  of 

Ja p a n . B oth f r u i t s  an d  tw igs of p e a c h , sa n d  p e a r ,  p e a r ,  q u in ce , 

a p p le , a p r ic o t ,  b lac k  p lu m , C h ines m a lu s ,  an d  only  the  tw ig s of 

c h e r r y ,  J a p a n e se  f lo w e rin g  c h e r r y  (P y ru s  t r i f lo r a ) , sa n d  c h e r r y ,  

J a p a n e se  a p r ic o t  (P ru n u s  um e) an d  p lu m  a r e  a tta c k e d . h i Ja p a n  

i t  is  of p r im a r y  im p o rta n c e  a s  a  p e s t  of san d  p e a r  w hich  is  of 

m o re  im p o rta n c e  a s  a  f r u i t  c ro p  th an  is  the  p each .

So f a r  the  o r ie n ta l  f r u i t  m o th  is  n o t re p o r te d  f ro m  P a k ­

is ta n  an d  Ind ia , a lth o u g h  two c lo s e ly  r e la te d  s p e c ie s , the  cod ling  

m o th , C a rp o c a p sa  (C ydia) p o m o n ella  (L inn) an d  the  p each  tw ig 

b o r e r ,  A n a rs ia  l in  e a te l la  Z e ll, a r e  s e r io u s  p e s ts  in  the te m ­

p e ra te  f r u i t  g row ing  a r e a s  of th e se  c o u n tr ie s .  It w ould be 

in te re s t in g  to  fin d  out so m e  of the  f a c to r s  w hich  m ay  have p r e ­

v en ted  the  s p re a d  of G ra p h o lith a  m o le s ta  to  th is  a r e a .  It is  

ju s t  p o s s ib le  th a t  the  m o th  d id  no t g a in  a c c e s s  to th is  re g io n .

It is  m o re  lik e ly  th a t  c lim a tic  co n d itio n s  w e re  no t qu ite  su ita b le  

fo r  i t s  d ev e lo p m en t. A n a n a ly s is  of th e s e  f a c to r s  m ay  b rin g  

ou t so m e  lim ita t io n s  re s p o n s ib le  fo r  i ts  a b se n c e  in  th o se  re g io n s .

T he b io logy  and  c o n tro l of th e  f r u i t  m o th  h a s  been  s tu d ­

ied  e x te n s iv e ly  a t  d if fe re n t  a g r ic u l tu r a l  e x p e r im e n t s ta tio n s  in
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the U n ited  S ta te s  of A m e ric a , C anada  and  Ja p a n . In a lm o s t  a ll  

th e se  in v e s tig a tio n s , the  in s e c ts  w e re  s tu d ie d  e i th e r  in  the f ie ld  

o r  u n d e r  u n c o n tro lle d  co n d itio n s in  the  la b o ra to ry . H ence , i t  

is  n o t p o s s ib le  to  ev a lu a te  the  e ffe c t of v a r io u s  e n v iro n m e n ta l 

f a c to r s  on th is  p e s t .  C o m p a ra tiv e ly  l i t t le  is  known abou t the 

p o te n t ia l i t ie s  of th is  in s e c t ,  th e  r a te  of i t s  d ev e lo p m en t, u p p e r 

v i ta l  l im i ts  fo r  the  v a r io u s  s ta g e s , the  v ia b il ity  of i ts  p r e -  

im a g in a l s ta g e s  and  the fecu n d ity  an d  lo n g ev ity  of a d u lts  u n d e r 

d if fe re n t  c o n tro lle d  co n d itio n s . The ten d en cy  of m o d e rn  e c o l­

o g is ts  h a s  b een  to stu d y  in s e c ts  on ly  in  the  f ie ld . A c c u ra te  

a n a ly s is  of o b se rv a tio n s  in  the  f ie ld  is  v e ry  d iff ic u lt. h i sp ite  

of the  f a c t  th a t  v a ry in g  te m p e ra tu re s  in  n a tu re  a r e  m o re  im ­

p o r ta n t  f ro m  an  e c o lo g ic a l p o in t of v iew , the  r e s e a r c h  p ro b le m  

m u s t p a s s  th ro u g h  the la b o r io u s  s ta g e s  of in v e s tig a tio n  u n d er 

c o n s ta n t te m p e r a tu re s  in  o r d e r  to  lay  a  fo u n d atio n  fo r  th e ir  

p ro p e r  u n d e rs ta n d in g . L a b o ra to ry  and  f ie ld  eco logy  a r e  in te r ­

dep en d en t an d  both  a r e  e s s e n t ia l .  By c o r re la t in g  the  r e s u l ts  

of s tudy  in  the  la b o ra to ry  w ith  th o se  in  the  f ie ld  i t  is  so m e ­

t im e s  p o s s ib le  to  so lve  p ro b le m s  of in s e c t  abundance . U varov  

(Z9) e m p h a s iz e d  the im p o rta n c e  of p ro p e r ly  p lan n ed  s tu d ie s  in 

the  la b o ra to ry  so  a s  to u til iz e  the  r e s u l t s  in  u n d e rs tan d in g  the 

p ro b le m s  in  n a tu re .
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C o n tro l of the  o r ie n ta l  f r u i t  m o th  h a s  depended  to a  

la rg e  e x te n t in  the  p a s t  on u se fu l p a r a s i t e s .  In o rd e r  to  a s s e s s  

p ro p e r ly  th e  p o te n t ia l i t ie s  of a  p e s t  an d  i ts  p a r a s i t e s ,  a  know l­

edge of th e i r  b e h a v io r  u n d e r  d if fe re n t c o n tro lle d  co n d itio n s of 

e n v iro n m e n t is  of fu n d a m e n ta l im p o rta n c e . T h ese  s tu d ie s  r e ­

v e a l the  co n d itio n s  u n d e r  w hich  the  p e s t  and  the  p a r a s i te s  

f lo u r is h  an d  m u ltip ly  b e s t .

T e m p e ra tu re  is  the  g r e a te s t  s in g le  f a c to r  w hich a ffe c ts  

the g e o g ra p h ic  d is tr ib u t io n  of an y  s p e c ie s  of in s e c ts  on th is  

e a r th .  T he b io tic  p o te n tia l , i ts  b e h a v io r , fo rm  and  s t r u c tu r e ,  

a l l  a r e  in flu en ced  by th is  e n v iro n m e n ta l f a c to r .  A p a r t  f ro m  

i ts  d i r e c t  e f fe c ts , t e m p e r a tu re  in flu e n c e s  o th e r  f a c to r s ,  su ch  a s  

lig h t, m o is tu r e ,  m o v em en t of a i r ,  e tc . T he d is tr ib u tio n  of 

a n im a ls  in  m an y  p a r t s  of th e  w o rld  is  m o re  o r  le s s  c lo se ly  

t ie d  up w ith  te m p e r a tu re .  A n o th e r fa c to r  w hich  c o n tro ls  the 

g e o g ra p h ic  ra n g e  of an  o rg a n is m  is  m o is tu re .

W ith th e s e  p o in ts  in  v iew  in v e s tig a tio n s  on the  ecology 

of the o r ie n ta l  f r u i t  m o th  w e re  s ta r te d  in 1950 a t  E a s t  L an s in g , 

M ich igan , by r e a r in g  the  in s e c t  u n d e r  c o n s ta n t te m p e ra tu re s  

and  r e la t iv e  h u m id it ie s . A p a r t  f ro m  th is ,  m e te o ro lo g ic a l da ta  

f ro m  th re e  ty p ic a l s ta tio n s  in  U. S. A . have been  c o m p a red



w ith  th o se  of th re e  ty p ic a l p e ac h  and  ap p le  grow ing  a r e a s  in 

P a k is ta n , in  o r d e r  to  e x p lo re  the p o s s ib i l i t ie s  fo r  the  e s ta b l is h ­

m e n t of the  o r ie n ta l  f r u i t  m o th  in  the la t t e r  c o u n try .



II. TECHNIQUE AND METHODS

C o llec tio n

A bout a  dozen  h ib e rn a tin g  la rv a e  of the  o r ie n ta l  f ru i t  

m o th  w e re  r e c e iv e d  f ro m  B enton  H a rb o r , M ich igan , in the w in­

t e r  of 1950. D u rin g  M ay, 1950, s e v e ra l  v is i ts  w e re  m ade  to 

th a t a r e a ,  w h e re  qu ince  and  p e ac h  tru n k s  w ere  ex am in ed  fo r  

h ib e rn a tin g  la rv a e  and  pupae . T h ese  a tte m p ts  d id  no t p rove  

a s  u se fu l a s  a n tic ip a te d , b e c a u se  each  tim e  v e ry  few  sp ec im en s 

cou ld  be c o lle c te d . In a l l  abou t two dozen  m o th s  e m e rg ed . 

T hey  d ied  a f te r  lay in g  on ly  five  eg g s .

On acc o u n t of ex ten d ed  co ld  w e a th e r  the p e s t  did not 

m ak e  i ts  p re s e n c e  n o tic e a b le  in  the  L an s in g  a r e a  t i l l  about the 

end  of Ju n e , 1950. P e a c h  o rc h a rd s  a ro u n d  L an s in g , M ason  and 

G ran d  R ap id s  w e re  ex am in ed  fre q u e n tly  d u rin g  June  to S ep tem ­

b e r ,  1950. T he in fe s ta tio n  in  tw igs of p each  w as n e v e r  m o re  

th an  0 .1 % . On so m e  in d iv id u a l t r e e s  i t  w ould ran g e  f ro m  2-5  

in fe s te d  sh o o ts . W ilted  sh o o ts  w ith  the  la rv a e  b o rin g  in sid e  

w e re  c u t and  b ro u g h t to  the  la b o ra to ry .
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R e a rin g

The c u t sh o o ts  w e re  kep t s tand in g  in  m o is t  san d  and  th is  

g e n e ra l ly  a llo w ed  the  la rv a e  to  beco m e  fu ll  g row n and  com e out 

fo r  pu p a tio n  in  c o r ru g a te d  p a p e r  sh e e ts  p ro v id ed  fo r  th is  p u r ­

p o se . T he pupae w e re  k ep t a t  ro o m  te m p e ra tu re  (70 -  80° F . ) .  

The m o th s  e m e rg in g  f ro m  th is  m a te r ia l  w e re  l ib e ra te d  fo r  o v i-  

p o s itio n  in  c a g e s  of 10" x  10" x  8" s iz e , m ade  of wooden 

f r a m e s .  The s id e s  and  top  of th is  type of cage w ere  c o v e re d  

w ith  th in  m u s lin , w hich  w as a p p lie d  f ro m  in s id e . The cage 

w as k ep t a t  ro o m  te m p e ra tu re  o v e r m o is t  san d  in  a  la rg e  

e n a m e l t r a y .  A w ad of co tto n  w ool so ak ed  in  th in  su g a r  so lu ­

tio n  w as k ep t in  e ac h  cage  fo r  the  m o th s  to fe e d  upon. F r e s h  

p e ac h  sh o o ts  in  s m a ll  b o ttle s  and  tu b es  f i l le d  w ith  w a te r  w e re  

kep t in  c a g e s  fo r  the  m o th s  to  la y  eggs upon. T he b o ttle s  and  

tu b es  w e re  w rap p ed  w ith  c lo th  to  p re v e n t the  m o th s  f ro m  la y -  

ing eg g s on the  g la s s .

The sh o o ts  w ith  eggs on th em  w e re  re m o v e d  f ro m  the 

c ag e s  e v e ry  m o rn in g . A  few  h o u rs  b e fo re  the  h a tch in g  of the  

la rv a e  the  sh o o ts  w e re  k ep t o v e r p a r t ly  s l ic e d  a p p le s  in  g la s s  

d ish e s  an d  b e a k e rs .  T he d ish  w as th en  kep t a t  the te m p e ra tu re  

a t  w hich  the  la rv a e  w e re  to  be r e a r e d .  The la rv a e  e n te re d  the



a p p le s  soon  a f te r  h a tc h in g . G e n e ra lly  th ey  w ould leav e  the 

f r u i t  on ly  a f te r  th ey  w e re  fu ll  g row n and  re a d y  to  sp in  cocoons. 

The e n ti r e  r e a r in g  in  the  la b o ra to ry  w as done on Jo n a th an  a p ­

p le s  re m o v e d  f ro m  the  t r e e s  in  A ugust and  s to re d  a t  50° F .

A known n u m b e r of fu ll  g row n  la rv a e  w e re  th en  t r a n s f e r r e d  

to c o r ru g a te d  p a p e r  s t r ip s  kep t in  s m a ll  g la s s  v ia ls ,  fo r  sp in ­

ning cocoons and  p u p a tio n . The m ou th  of each  v ia l  w as c o v e re d  

w ith  c lo th  to  p re v e n t the  la rv a e  f ro m  e sca p in g . T hey w e re  then  

kep t a t  the r e q u ir e d  te m p e ra tu re  an d  h u m id ity .

The m o th s  e m e rg in g  f ro m  the  v ia ls  w e re  r e le a s e d  in 

c ag e s  fo r  o v ip o s itio n . A s th e se  c a g e s  w e re  to be kep t in  in cu ­

b a to r s  th ey  w e re  s m a l le r  th an  th o se  k ep t fo r  g e n e ra l  r e a r in g  

a t  ro o m  te m p e r a tu re .  T hey  c o n s is te d  of 6" d ia m e te r  w ire  

loops su p p o rte d  by 8" long p ie c e s  of w ire . S id es and top  w ere  

c o v e re d  w ith  th in  m u s lin . T hey  w e re  kep t on m o is t  san d  in 

g la s s  d is h e s . The m o th s  w e re  fed  on su g a r  so lu tio n  so ak ed  

in  co tto n  w ool. The eggs la id  by m o th s  on g re e n  p each  shoo ts 

w e re  coun ted  d a ily  and  the  shoo ts  changed . A re g u la r  supply  

of g re e n  p e ac h  sh o o ts  w as m a in ta in e d  by ra is in g  se ed lin g s  in  

the  g re e n h o u se .



T e m p e ra tu re  C o n tro l

F o r  60 and  65 F . a  r e f r ig e r a t in g  c a b in e t f i t te d  w ith

a  s p e c ia l  e le c t r ic  th e rm o s ta t ic  c o n tro l w as u se d . F o r  h ig h e r

te m p e ra tu re s  e le c t r ic  in c u b a to rs , w ith  a c c u ra te  th e rm o s ta t ic

c o n tro ls  w e re  em p lo y ed . A th e rm o g ra p h  w as kep t in  e ac h  of

th em  to  r e c o r d  te m p e ra tu re .  F lu c tu a tio n  of te m p e ra tu re  w as

o
n o t m o re  th an  0 .5  F .

H um id ity  C o n tro l

C o n stan t h u m id itie s  in  c lo se d  sp a c e , can  be o b ta in ed  by 

u sin g  su lp h u ric  a c id  so lu tio n s  o r  s u p e r s a tu r a te d  s a l t  so lu tio n s . 

In th e s e  e x p e r im e n ts  s a l t  so lu tio n s  w e re  u se d . T h is  m eth o d  

h a s  an  ad v an tag e  in  th a t a  s ta n d a rd  so lu tio n  is  m a in ta in e d  

w hich g iv es  c o n s ta n t h u m id ity . It do es n o t r e q u ire  f re q u e n t 

chang ing  and  do es n o t sp o il e a s i ly . C h e m ic a lly  p u re  s a l ts  

a p p ro p r ia te  fo r  e ach  re la t iv e  h u m d ity  a t  d if fe re n t  te m p e ra tu re s  

w e re  u se d  (16). T hey  w e re  p la c e d  a t  the  b o tto m  of d e s ic c a to r s  

and  ju s t  enough d is t i l le d  w a te r  w as added  a s  to  c o v e r  the s u r -



III. NO M EN CLA TU RE AND D ESCR IPTIO N  O F SPE C IE S

The o r ie n ta l  f r u i t  m o th  w as d e s c r ib e d  by A ugust B usck  

of the  U. S. B u re a u  of E n tom o logy  a s  L a s p e y re s ia  m o le s ta .

T he d e s c r ip t io n  w as p u b lish ed  by  Q uin tance  and  Wood in  1916 

(21). P r i o r  to the  above F r o g a t t  m en tio n ed  th is  in se c t a s  an  

u n id en tified  enem y  of p e ac h  in  A u s tr a l ia  u n d e r the p o p u la r 

n a m e , p e ac h  tip  m o th  (8). E n q u ir ie s  m ad e  by H a e u s s le r  (14) 

in  Ja p an  re v e a le d  th a t th is  in s e c t  w as known in  Ja p a n  in  1901 

and  1902, e s p e c ia l ly  a s  a  p e s t  of san d  p e a r .

H e in r ic h  (15) p lac ed  th is  m o th  in  the genus G rap h o lith a  

T re i ts c h k e , fa m ily  O le th re u tid a e .

The p e s t  h a s  b e en  known u n d e r  s e v e ra l  com m on n a m e s  

in  the  p a s t ,  e . g . ,  p e ac h  tip  m o th , s m a l le r  p e a r  b o r e r ,  o r ie n ta l  

p each  w o rm , o r ie n ta l  p e ac h  m o th  and  o r ie n ta l  f r u i t  m o th . The 

la s t  n am e  w as m o s t  w ide ly  u se d  in  A m e ric a n  l i te r a tu r e  and 

w as , th e r e fo re ,  ad o p ted  by the  A m e ric a n  A sso c ia tio n  of E co ­

nom ic  E n to m o lo g is ts  a s  the  a p p ro v e d  n a m e .

The E u ro p e a n  w r i t e r s ,  p a r t ic u la r ly  the e n to m o lo g is ts  in 

E n g lan d , p la c e  th is  s p e c ie s  in  th e  genus C ydia H ubner a s  su g ­

g e s te d  by W alsingham  and  D u rra n t  in  B io lo g ia . T hey su b s titu te d



C ydia H. fo r  C a rp o c a p sa  T r ie ts c h k e  and  d e s ig n a te d  L a s p e y re s ia

H ubner a s  a  synonym . T he R ev iew  of A pp lied  E n tom ology  pub­

l is h e d  f ro m  L ondon  c o n tin u es  to  r e f e r  the  o r ie n ta l  f r u i t  m o th  

u n d e r the  genus C yd ia  H.

F o llo w in g  is  the  o r ig in a l  d e s c r ip tio n  p re p a re d  by B usck : 

L a s p e y r e s ia  m o le s ta ,  n . sp .

H ead  d a rk , sm oky  fu sc o u s ; fac e  a  shade  d a rk e r ,  n e a r ly  
b lack ; la b ia l  p a lp i a  shade  l ig h te r  fu sc o u s ; an ten n ae  s im p le , 
r a th e r  s to u t, h a lf  a s  long a s  .the fo re  w ings, d a rk  fu sc o u s  
w ith  th in , in d is tin c t,  w h itish  a n n u la tio n s . T h o rax  b lac k ish  
fu sc o u s ; p a ta g ia  fa in tly  i r r o r a t e d  w ith  w h ite , e ac h  sc a le  
be ing  s lig h tly  w h ite - tip p e d . F o re w in g s  n o rm a l in  fo rm ; 
te r m e n  w ith  s lig h t s in u a tio n  below  ap ex ; d a rk  fu sc o u s , ob­
s c u re ly  i r r o r a t e d  by w h ite -tip p e d  s c a le s ;  c o s ta l  edge 
b la c k is h , s t r ig u la te d  w ith  o b s c u re , g e m in a te , w hite  d a sh e s , 
fo u r  v e ry  fa in t  p a i r s  on b a s a l  h a lf  and  th re e  m o re  d is t in c t  
on o u te r  h a lf  b e s id e s  two s in g le  w hite  d a sh e s  b e fo re  apex; 
f ro m  the b la c k  c o s ta l  in te rv a ls  ru n  v e ry  o b sc u re , w avy, 
d a rk  l in e s  a c r o s s  th e  w ing, a l l  w ith  a  s tro n g  o u tw ard ly  
d i r e c te d  w ave on the  m id d le  of the  w ing; on the  m id d le  of 
the  d o r s a l  edge the  sp a c e s  b e tw een  th re e  of th e se  lin e s  
a r e  m o re  s tro n g ly  i r r o r a t e d  w ith  w hite  th an  is  the  r e s t  
of the  w ing, so  a s  to  c o n s titu te  two fa in t and  p o o rly  d e ­
f in ed  w hite  d o r s a l  s t r e a k s .  A ll th e se  m a rk in g s  a r e  only  
d is c e rn ib le  in  p e r f e c t  sp e c im e n s  and  u n d e r a  le n s ; o c e llu s  
s tro n g ly  i r r o r a t e d  w ith  w h ite , edged  by two b ro a d  p e rp e n ­
d ic u la r ,  f a in t b lu is h  m e ta l l ic  l in e s  and  co n ta in in g  s e v e ra l  
s m a ll  deep  b la c k , i r r e g u la r  d a sh e s , of w hich  the  fo u rth  
f ro m  to rn u s  is  the  lo n g e s t an d  p la c e d  f a r th e r  o u tw ard , so 
a s  to  b re a k  the  o u te r  m e ta l l ic  edge of o c e llu s ; the line  of 
b la c k  d a sh e s  a s  w e ll a s  the  ad jo in ing  b lu ish  m e ta ll ic  lin e s  
a r e  con tinued  fa in tly  above th e  o c e llu s  in  a  c u rv e  to  the 
l a s t  g e m in a te  c o s ta l  sp o ts ;  th e re  is  an  in d is tin c t, b lack  
a p ic a l  sp o t and  two o r  th re e  sm a ll  b lac k  do ts below  it; a  
th in  bu t d is t in c t ,  d eep  b lac k , te rm in a l  lin e  b e fo re  the c il ia ,
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c il ia  d a rk  b ro n zy  £uscous. H ind w ings d a rk  b row n  w ith
c o s ta l  
l ig h te r  
fu sc o u s
in n e r  s id e s  s i lv e ry ,  t a r s i  b la c k ish  w ith  n a rro w , y e llo w ish

:dge b ro a d ly  w hite; c il ia  w h itish , u n d e rs id e  of w ings 
fu sc o u s  w ith  s tro n g  i r r id e s c e n t  sheen ; abdom en  d a rk  
w ith  s i lv e ry  w hite u n d e rs id e ; le g s  d a rk  fu sc o u s  w ith

w hite  a em ulations.

A la r  ex p an se ; 10-15 m m .
U nited  S ta tes N a tio n a l M u seu m  type 20664.

The

se to se  e g g -

Som e s e ta e

fe m a le  g e n ita lia  c o n s is t  of two c lo se ly  a p p ro x im a te d , 

gu ides, lik e  e lo n g a te  p h y llo c lad es  of O puntia sp . 

on the o u te r  m a rg in s  of eg g -g u id e s  a re  lo n g e r th an

the r e s t .  L a rg e  s c a le s  caudad  of the  l a s t  ab d o m in al seg m en t 

fo rm  a  fa n -sh a p e d  s t r u c tu r e  co v e rin g  the  eg g -g u id e s  f ro m  the

d o r s a l  s id e . In the  m a le  the two g ra y , a cu m in a te  c la s p e r s

fo rm  a  d a rk  s l i t  b e tw een  th em  on acco u n t of the  p re s e n c e  of 

a  la rg e  n u m b e r  of b lac k  s e ta e  on the  m e s a l  s u r fa c e s .

D e sc r ip tio n  of S tages

T he E g g ; The egg is  w h itish , s c a le - l ik e  s e m itra n s p a re n t,  c i r ­

c u la r  to  ova l in  o u tlin e , f la t ,  u p p e r su rfa c e  s lig h tly  ru g o se  and  

convex , d ia m e te r  0. 65 m m . to  0. 75 m m . The eggs a r e  gen ­

e ra l ly  la id  c 

the  la b o ra to  

a s  on the  sh

is  consp icuo

n  the  u p p e r  s u r fa c e  of p each  le a v e s . H ow ever, in  

■y th ey  a r e  la id  on bo th  s id e s  of the  le a f a s  w ell 

oo t. B e fo re  h a tch in g  the  b lac k  head  of the la rv a

usly  v is ib le  th ro u g h  the e g g -s h e ll .



The L a r v a ; The la rv a  r e s e m b le s  th a t of the  codling  m o th  in  

s e v e ra l  r e s p e c ts  bu t is  s m a l le r  in  s iz e . The young la rv a  is  

d i r ty  c re a m  in  c o lo u r, b e co m es  p ink  when a lm o s t  fu ll  g row n.

The fo llow ing  is  e s s e n t ia l ly  the d e s c r ip tio n  g iven  by G a rm a n  

(9): H ead  c ap su le  b lack  and  sh in ing , so m e tim e s  p ro v id ed  w ith

p a le  m a rk in g s ;  body p in k ish  w h ite , the  p ro th o ra c ic  and  a n a l 

sh ie ld s  u su a lly  brow n; leng th  of fu ll-g ro w n  la rv a  12-15 m m .

L en g th  of lab iu m  one and  o n e -h a lf  t im e  i ts  w idth , c a rd o  

a s  long a s  the  s t ip e s ;  m en tu m  expanded  a t  the  cau d a l e x tr e m ­

ity  and  w ith  two h eav y  s e ta e  n e a r  the m id d le ; m a x i l la ry  p a lp i 

th re e  se g m e n te d , the  b a s a l  se g m e n t w ith  a  long s e ta  on the 

in n e r  s u r fa c e ;  g a le a - la c in ia  w ith fo u r  d is t in c t  te e th , two of w hich 

a r e  c h itin iz e d , the  t ip s  of the  c h itin iz e d  p ro je c tio n s  w ith  b lun t 

tu b e rc le s ,  la b ia l  p a lp i s le n d e r ,  co m p o sed  of two se g m e n ts , a  

v e ry  s h o r t  g lo b u la r , d is ta l  se g m e n t tip p ed  w ith  a  long se ta  and 

a long p ro x im a l se g m e n t w ith  a  s h o r t  s e ta  a t  the  apex ; tip  of 

the  la b iu m  h e a v ily  c h itin iz ed ; an ten n ae  fo u r-s e g m e n te d , the 

th ird  se g m e n t w ith  a  long s e ta  n e a r  the  d is ta l  end , the  d is ta l  

se g m e n t ab o u t o n e -h a lf  the  d ia m e te r  of the  p re c e d in g  seg m en t, 

and  p ro v id e d  w ith  a b lu n t p ro je c tio n  and  a  long se ta ;  th ird  

se g m en t w ith  two s h o r t  s e ta e ,  one long s e ta  and  a b lun t p ro ­

je c tio n  s im i la r  to  th a t of the  d is ta l  se g m en t.



T h o ra x  and  abdom en: S egm en t nine of the abdom en  w ith

a lp h a  so m e tim e s  r e p re s e n te d  by a  tu b e rc le  o r  s h o r t  s e ta  n e a r  

the  d o r s o —m e so n  d e lta  (II) lo c a te d  on the sa m e  p in n acu lu m  w ith  

rh o  (III); kappa  (IV) and  m u  (V) on the  sa m e  p innacu lum  and  

abou t e q u id is ta n t;  kappa (p re s p ira c u la r )  g roup  of the p ro th o ra x  

w ith  the  m id d le  s e ta  lo n g e s t and  e q u id is ta n t f ro m  the re m a in in g  

two; kappa g ro u p  (V and  VI) b is e to s e  on se g m e n ts  one to e igh t, 

p i (VII) g ro u p  u n is i to s e  on se g m e n ts  sev en , e ig h t and  n ine . 

C ro c h e ts  u n io rd in a l; d e n se ly  p la c e d  in  a  co m p le te  c i r c le ;  the 

l a t e r a l  hooks so m e tim e s  s h o r t ,  n u m b e r of c ro c h e ts  on p ro le g s  

3 to  6 v a ry in g  f ro m  30 to  46, hooks of i r r e g u la r  leng th  in f r e ­

q u en t. C ro c h e ts  of the  a n a l p ro le g s  in  fu ll g row n la rv a e  19 to 

22, the  c u tic le  im m e d ia te ly  cep h a lid  w ithout th ic k se t pad  of 

sp in e s , a n a l fo rk  w ith  5 -7  sp in e s  u su a lly  of eq u al len g th  and 

p a ra l le l ,  the  two m e  s a l  sp in e s  so m e tim e s  b lun t.

The fu ll  g row n la rv a  of the  o r ie n ta l  f r u i t  m o th  can  be 

d is tin g u ish e d  f ro m  th a t  of the  c lo s e ly  r e la te d  sp e c ie s  codling 

m o th , C a rp o c a p sa  p o m o n ella  (L in n .) , an d  the  p each  tw ig b o re r ,  

A n a rs ia  l in e a te l la  Z e ll,  by the  fo llow ing c h a ra c te r s :
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C h a ra c te r O r ie n ta l  
f r u i t  m o th

C odling
m o th

P e a c h  
tw ig b o re r

1. H a b its  
of la rv a  
a n d  h o s t 
p la n ts

B o re s  in to  the 
tw ig s of p e ac h , 
n e c ta r in e ,  a p ­
r ic o t  and  f r u i t s  
of q u in ce , 
p e ac h , app le  
and  p lum .

B o re s  in to  
f r u i ts  of 
a p p le , p e a r  
and  qu ince .

B o re s  into 
tw igs of p each , 
p lu m , a p r ic o t  
and  a lm ond . 
L a te r  in  se a so n  
f r u i ts  of th e se  
t r e e s .

2. C o lo r P in k , u su a lly  
p in k ish .

D ir ty  w hite 
o r  p ink.

L ig h t to re d d ish  
b row n.

3. L en g th 10-12 m m . 14-16 m m . 10-11 m m .

4. W idth 3 -4  m m . 4 -5  m m . 3 -4  m m .

5. P in a c u -  
la e
a ro u n d
p r im a r y
s e ta e

In co n sp icu o u s. In co n sp ic ­
uo u s.

D is tin c tly  p ig ­
m en ted .

6. C ro c h e ts F o rm  a co m ­
p le te  c i r c le .

F o rm  a
c o m p le te
c i r c le .

B ro k en  into 
two g ro u p s .

7. A nal 
fo rk

P r e s e n t  w ith  
4 -7  a lm o s t  
p a r a l le l  p ro n g s .

A b sen t. P r e s e n t  w ith  
g e n e ra lly  6 
p ro n g s , m o re  
o r  le s s  d iv e r ­
gen t.

T he P upa : The la rv a e  in  su m m e r sp in  th in  s ilk e n  cocoons,

w h e re a s  th o se  o v e rw in te r in g  m ak e  th ic k  cocoons. T he f re s h ly
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fo rm e d  pupa, 4 .5  to  5 .5  m m . in  leng th  (in sid e  the  cocoon) is  

u n ifo rm ly  b row n . It g ra d u a lly  tu rn s  d a rk  re d . One to  two 

day s b e fo re  the  e m e rg e n c e  of the  a d u lt the wing pad s tu rn  

b lac k . T he ab d o m en  is  co m p o sed  of te n  se g m e n ts . The la s t  

th r e e  a p p a re n tly  fu se d  to g e th e r ;  the  cep h a lic  m a rg in s  of s e g ­

m e n ts  2 to  9 w ith  a  ro w  of h eav y  s e ta e , the  cau d a l m a rg in s  

of se g m e n ts  2 to  7 w ith  ro w s of m uch  f in e r  s e ta e ,  the cau d a l 

m a rg in  of the  ten th  se g m e n t w ith  s ix  h eav y  sp in e s  betw een  w hich 

a r e  so m ew h at lo n g e r hooked  s e ta e ;  and  w ith  two s h o r t  se ta e  

p r e s e n t  on e a c h  s ide  of the  a n a l r i s e .



IV. D E V E LO PM EN T  AND VIABILITY O F 
GRAPH OLITHA M OLESTA

F o llow ing  i t s  d is c o v e ry  in  the D is t r ic t  of C o lum bia  in  

1916 the  o r ie n ta l  f r u i t  m o th , G ra p h o lith a  m o le s ta  w as s tu d ied  

e x te n s iv e ly  a t  s e v e r a l  a g r ic u l tu r a l  e x p e r im e n t s ta tio n s  .in  the 

U. S. A . The f i r s t  r e p o r t  on i ts  life  h is to ry  w as p u b lish ed  

by G a rm a n  (9) in  1917 fo llow ed  by th a t of Wood an d  S e lk reg g  

(30). S te a rn s  (26) c a r r i e d  out e x te n s iv e  s tu d ie s  in  an  open a i r  

in s e c ta ry  d u rin g  1919 an d  1920 in  N o r th e rn  V irg in ia . S te a rn s  

and  P e te r s o n  (27) s tu d ie d  the life  an d  s e a s o n a l  h is to ry  in  New 

J e r s e y ,  Snapp an d  Sw ingle (24) in  G e o rg ia , G a rm a n  (10) in  

C o n n ec ticu t, S te a rn s  an d  N e isw a n d er (28) in  O hio, E ddy and  

N e ttle s  (7) in South  C a ro lin a  and  A lden  and  C la rk e  (2) in  

G e o rg ia . In a l l  th e s e  c a s e s  the  in v e s tig a to rs  s tu d ied  the  in ­

s e c t  e i th e r  in the  o rc h a rd  o r  in  the  in s e c ta ry  and  m ade  l i t t le  

a tte m p t to  c o r r e la te  the  d ev e lo p m en t of o r ie n ta l  f r u i t  m oth  

w ith  te m p e ra tu re  an d  h u m id ity .

H aru k aw a  (13) in v e s tig a te d  the  r e la t io n  of te m p e ra tu re  

to  the  g ro w th  of the  m o th  in  Ja p a n . P e te r s o n  and  H a e u s s le r  

(20) a ls o  s tu d ie d  som e a s p e c ts  of the  life  h is to ry  of th is  m o th



in  re la t io n  to  te m p e r a tu re ,  e i th e r  p re v a ilin g  in  the  o rc h a rd  o r  

in  the in s e c ta ry .  T h ey  a tte m p te d  to c o r r e la te  the d ev e lopm en t 

of the  v a r io u s  b ro o d s  w ith  the  m e a n  te m p e ra tu re s  p re v a ilin g  

in  the  o rc h a rd  and  the  in s e c ta ry .  Som e e x p e rim e n ts  u n d e r 

a lm o s t  c o n s ta n t te m p e ra tu re s  w e re  c a r r ie d  ou t by H arukaw a.

He p a id  l i t t le  a tte n tio n  to  h u m id ity  a s  he b e liev e d  th a t re la tiv e  

h u m id ity  d id  n o t m u ch  in flu en ce  th e  r e s u l ts  of h is  e x p e r im e n ts . 

D u stan  (6) w ork ing  in  the  N ia g a ra  P e n in su la  of C anada, m ade 

som e o b se rv a tio n s  to find  out the  e ffe c t of m e a n  te m p e ra tu re  

and  h u m id ity  in  the  in s e c ta ry  on the  d ev e lo p m en t and  fecu n d ity  

of o r ie n ta l  f r u i t  m o th .

D uring  the  p r e s e n t  in v e s tig a tio n  the  deve lopm en t and  

fecu n d ity  of the  o r ie n ta l  f r u i t  m o th  w as s tu d ied  in  the  la b o ra ­

to ry  u n d e r c o n s ta n t te m p e ra tu re  and  h u m id ity  cond itions and  

the  r e s u l t s  a r e  d e s c r ib e d  below .

1. E gg S tage

(a) E ffe c t of te m p e ra tu re  on developm en t

(i) Incuba tion  p e r io d : The in cu b a tio n  p e r io d  of the  o r ie n ta l

f r u i t  m o th  h a s  b e en  s tu d ie d  by s e v e ra l  w o rk e rs  in the  p a s t. 

U nder in s e c ta ry  co n d itio n s S te a rn s  (26) found i t  to  be 7 .3 9  days



on an  a v e ra g e  w ith  a  m in im u m  of 4 days and  a  m ax im u m  of 

10 days fo r  the  f i r s t  b ro o d  a s  c o m p a re d  to an  a v e ra g e  of 5. 59 

d ay s , m in im u m  of 3 days and  m ax im u m  of 8 day s fo r  the  fo u rth  

b ro o d . H is  f ig u re s  f o r  1919 w e re  qu ite  d if fe re n t f ro m  th o se  

fo r  1920. S te a rn s  an d  N e isw a n d er (28) w ork ing  in  Ohio re c o rd e d  

an  in cu b a tio n  p e r io d  of 4 .4 , 4 .9 ,  6 .0 5 , and  9 .4  days fo r  the 

seco n d , th ird , fo u r th  an d  f if th  b ro o d s  re s p e c t iv e ly  w ith  a  m a x ­

im u m  of 17 day s and  a  m in im u m  of 3 d ay s.

H aru k aw a (13) r e p o r te d  th a t u n d e r c o n s tan t te m p e ra tu re s  

the  in cu b a tio n  p e r io d  w as 3 .3  day s a t  32. 8 ° -3 3 °  C . , 4 .1  days 

a t  3 2 .2 ° - 3 2 .3 ° ,  3 .2  day s a t  3 1 .0 ° -3 1 . 3 ° , 3 .3  days a t  2 8 .3 ° -  

2 8 .5 ° ,  4 .2  days a t  24. 4 ° -2 4 . 6 ° , 6 .2  days a t  2 0 .2 ° - 2 0 .5 °  and  

1 2 ,9  d ay s  a t  14. 9° C. T h e re  s e e m s  to be som e c o n tra d ic tio n  

in  th e se  o b s e rv a tio n s . G a rm a n  (10) gave 12 to  15 days a s  the  

in cu b a tio n  p e r io d  a t  a  te m p e ra tu re  of ab o u t 60° F .  P e te r s o n  

and H a e u s s le r  (20) w ork ing  a t  R iv e r to n , New  J e r s e y ,  c o r r e la te d  

in cu b a tio n  p e r io d  w ith  the r i s e  an d  fa l l  of te m p e ra tu re  in  th e ir  

open a i r  in s e c ta ry .  T hey  found i t  to  v a ry  f ro m  3 .5  to 6 days 

in  su m m e r , 7 -1 4  day s in  e a r ly  sp r in g  and  20 day s o r  lo n g e r 

in  la te  f a l l .  T hey  found a  m in im u m  tim e  of 60-65  h o u rs  u n der 

m o re  o r  l e s s  c o n tro lle d  cond itions bu t th ey  d id  no t m en tio n  the 

te m p e ra tu re .



None of th e se  w o rk e rs  s tu d ie d  the e ffe c t of h u m id ity  on 

in cu b a tio n  p e r io d . The r e s u l t s  ob ta in ed  u n d e r c o n s ta n t te m ­

p e ra tu r e s  an d  h u m id itie s  in  th e  p r e s e n t  in v e s tig a tio n  a r e  g iven  

in  T ab le  I an d  show n g ra p h ic a lly  in  F ig u re s  1 to  3. U nder 70% 

re la t iv e  h u m id ity  i t  w as 7 .5  d ay s  a t  60°, 5 .7 5  days a t  65°, 3 .9

days a t  75°, 3 .2 7  days a t  85°, 2 .7 5  day s a t  94° an d  3 .3  days 

o
a t  95 F .  The in cu b a tio n  p e r io d  co n tinued  to  d e c re a s e  w ith

the  r i s e  of te m p e ra tu re  u n til a  m in im u m  of 2 .7 5  days w as 

o
re a c h e d  a t  94 F . , th e r e a f te r  i t  a g a in  s ta r te d  in c re a s in g . F ro m  

th e se  d a ta  i t  is  c le a r  th a t the eg g s  of th is  in s e c t  continue to 

develop  a t  f a i r ly  h igh  te m p e r a tu re s .

(ii) T h re sh o ld  of d ev e lo p m e n t: T he re la t io n  of in cu b a tio n  p e rio d

to  te m p e ra tu re  is  show n in  F ig u re s  1 to  3. The re c ip ro c a ls  

of the  p e r io d s  m u ltip lie d  by one h u n d red  a r e  a ls o  p lo tted . The 

th e o re t ic a l  th re s h o ld  of d ev e lo p m en t a s  show n by the  in te r s e c ­

tio n  of the  lin e s  of in d ic e s  of d e v e lo p m en t an d  the  te m p e ra tu re  

a x e s  (3, 18 and  22) in  F ig u re s  1 to  3, l.ies a t  40° to  44° F . , 

depend ing  upon the  re la t iv e  h u m id ity  p re v a ilin g  a t  the  tim e ; 

le a s t  u n d e r  100% and  h ig h e s t  u n d e r  35% re la t iv e  h u m id ity .

D u stan  (6) r e p o r te d  a n  in cu b a tio n  p e r io d  of 3 3 .5  day s a t  an  

a v e ra g e  d a ily  te m p e ra tu re  of 45. 6° F .  hi f a l l  and  sp rin g  th e re
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T A B L E  I

THE INCUBATION PER IO D  (DAYS) O F EGGS OF 
'GRAPHOLITHA M OLESTA UNDER 

D IF F E R E N T  CONDITIONS

T e m p e r­
a tu re  
°  F .

R e la tiv e  H um id ity

100% 70% 35%

Incu ­
b a tio n
P e r io d

No. of 
O b s e r ­
v a tio n s

Incu­
b a tio n
P e r io d

No. of 
O b s e r ­
v a tio n s

Incu­
ba tion
P e r io d

No. of 
O b s e r ­
v a tio n s

60 7 .0 83 7 .5 51 8 .0 36

65 5 .8 1 237 5 .7 5 152 6 .0 161

75 4. 16 180 3 .9 138 4 .2 116

85 3 .3 117 3 .2 7 125 3. 4 124

94 2 .7 6 45 2 .7 5 44 - -

95 3 .5 31 3 .3 42 - -

ANALYSIS O F VARIANCE 
fo r  d a ta  fo r  60° to  85° F .

S o u rce  of v a r ia tio n D .F . S. S. M ean S. F

T e m p e ra tu re 3 3 1 .2 9 10.43  :L212.79++++

H u m id ity 2 0 .2 4 0 .1 2 13.95

T e m p e ra tu re  x  H um id ity 6 0 .3 5 0.0583
+

6. 77

E r r o r 68 0 .0086
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T A B L E  I (C ontinued)

++++ H igh ly  s ig n if ic a n t

++ S ig n ifican t

+ S ig n ifican t

6 = / .  0086 = 0 .0 9 3

6m  = 0 .0 9 3 /( /3 2 )

6 = 0 .0 9 3 /( /2 5 )m 3

6 = 0 .9 3 /(1 /3 2  + 1 /25) = 0 .0 2 4m , - rn  '  '  1 1
1 3

t 3_ 1 = (5 .2 6  -  4. 9 7 )/0 . 024 = 12

t2 = (5 .0 3 5  -  4. 9 7 0 )/0 . 025 = 2 .6

C o n c lu s io n s : (i) The d iffe re n c e  b e tw een  100% and  35% r e l a ­

tive  h u m id ity  is  h igh ly  s ig n if ic an t.

(ii) The d iffe re n c e  b e tw een  100% and  70% r e l a ­

tiv e  h u m id ity  is  no t s ig n if ic a n t a t  1% lev e l

bu t is  s lig h tly  s ig n if ic a n t a t  5% lev e l.
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a r e  w ide f lu c tu a tio n s  in  d a ily  te m p e ra tu re .  Som e d ev elopm en t

w ould o c c u r  a t  h ig h e r  te m p e ra tu re s ,  w h e re a s  i t  w ould c e a se

a t  lo w e r te m p e r a tu re s ,  th e re b y  c o n s id e ra b ly  leng then ing  the

in cu b a tio n  p e r io d . In the  p r e s e n t  in v e s tig a tio n s  eggs k ep t a t  

o
5 0 .5  F .  h a tc h ed  in  24 and  25 day s u n d e r 100% and  70% r e l a ­

tiv e  h u m id ity , re s p e c t iv e ly . T he g ra p h  d raw n  by H arukaw a 

(13) show s the  th re s h o ld  of d ev e lo p m en t to  be 10° C. (50° F . )  

w hich  a p p e a rs  to  be v e ry  h igh . S h e lfo rd  (23) gave 44° to 49°

F . a s  the  th re s h o ld  of d ev e lo p m en t fo r  the cod ling  m o th , C a rp o -  

c a p sa  p o m o n e lla , depending  upon h u m id ity , o th e r  w e a th e r  f a c to r s  

and  w ith  the  g e n e ra tio n  and  the in d iv id u a l. The eggs of the 

o r ie n ta l  f r u i t  m o th  can , th e re fo re ,  develop  a t  lo w er te m p e ra ­

tu r e s  th a n  th o se  of the  cod ling  m o th .

(iii) U p p er v i ta l  l im i t ; The lin e s  of in d ic e s  of d ev e lopm en t in

o
F ig u re s  1 to  3 a r e  f a i r ly  s t r a ig h t  up to  a  te m p e ra tu re  of 75 

F .  a t  e a c h  of the  th re e  r e la tiv e  h u m id itie s . A fte r  th is  they  

d ec lin e  to w a rd s  the  r ig h t, in d ica tin g  th a t a lthough  incubation  is  

q u ic k e r  a t  te m p e ra tu re s  above 75° F . , the r a te  of developm en t 

is  n o t m a in ta in e d  u n ifo rm ly . The bend  is  le a s t  u n d e r 70% r e l ­

a tiv e  hum idity  and  g r e a te s t  u n d e r 35% , show ing the s tro n g  in ­

flu en ce  of h u m id ity  on the r a te  of dev e lo p m en t. G lenn (11) in



the c a se  of the  cod ling  m o th  found 76° F .  a s  the te m p e ra tu re  

of m ax im u m  d e v e lo p m en t. T he two sp e c ie s  se e m  to  have a p ­

p ro x im a te ly  th e  sa m e  te m p e ra tu re  fo r  m ax im u m  dev elo p m en t.

The u p p e r  v i ta l  l im it  is  s lig h tly  above 95° F . ,  p ro b ab ly  96°. 

o
E ggs kep t a t  95 F .  f a i le d  to  h a tc h  u n d e r 35% re la tiv e  h u m id ­

ity , a lth o u g h  th ey  h a tc h e d  a t  h ig h e r  h u m id itie s . E g g s kep t a t  

o
98 F .  fo r  48 h o u rs  d id  not h a tc h  u n d e r any  re la tiv e  h u m id ­

ity  bu t th ey  w e re  ab le  to  w ith s tan d  s h o r t  e x p o su re s  to a  te rn -  

o
p e ra tu r e  of 105 F .  a s  show n in  T ab le  II. E ggs la id  du rin g

the even ing  a t  a  ro o m  te m p e ra tu re  of 7 0 ° -8 0 °  F .  w ere  exposed

o oin  the m o rn in g  to  te m p e ra tu re s  of 98 F .  and  105 F . ,  fo r

two h o u rs ,  fo u r  h o u rs ,  s ix  h o u rs ,  tw en ty -one  h o u rs , tw e n ty - 

fo u r  h o u rs ,  t h i r ty - s ix  h o u rs ,  e t c . , an d  w e re  th en  t r a n s f e r r e d  

to  the ro o m  te m p e ra tu re ,  t i l l  h a tc h in g , if  v ia b le . A p o rtio n  of 

the  eggs f ro m  e ac h  lo t w as k ep t a s  a  check  a t  the  ro o m  te m ­

p e ra tu r e .  E x a m in a tio n  of T ab le  II show s th a t an  ex p o su re  of 

48 h o u rs  to  98° F .  w as fa ta l  fo r  the  eg g s . E x p o su re s  of le s s  

th an  40 h o u rs  w e re  no t so  h a rm fu l. The in cu b a tio n  p e r io d  w as 

s ig n if ic a n tly  len g th en ed  on a cc o u n t of th e se  e x p o su re s . It u su ­

a lly  ra n g e d  f ro m  4 .5  to  5 .0  day s a s  c o m p a re d  to  3 .8  days fo r  

the  ch eck , show ing th a t th e se  e x p o su re s  r e ta r d e d  o r  a r r e s t e d



T A B L E  II

E F F E C T  O F SHORT EX PO SU RES TO HIGH T E M PE R A T U R E  ON TH E DURATION AND
VIABILITY O F EGGS O F GRAPH OLITHA M OLESTA

E x p o se d  to  H igh  T e m p e ra tu re C o n tro l

R e la tiv e  H um id ity

H igh
T em p
E m ­

P e ­
r io d 100% 70% 35% P e r Incu­

of 
E xpo­
s u re  

( H r s . )

No. T o ta l N o. T o ta l No. T o ta l cen t
V ia­
b ili ty

ba tion
P e r io d
(Days)

p loyed
F .

of
E ggs
E x ­

N o. of Incu— 
E g g s b a tio n  

H a tch ed  P e ­

of
E ggs
E x ­

N o. of In c u - 
E g g s b a tio n  

H a tch ed  P e ­

of
E g g s
E x ­

N o. of 
E g g s 

H a tch ed

Incu­
b a tio n

P e ­
p o sed r io d p o se d r io d p o se d r io d

95 48 50 48 3 .0 50 47 3 .0 50 29 3 .2 5 96 4 .5
98 24 30 24 4. 62 30 24 4 .6 6 30 17 4. 75 98 3 .8
98 36 30 25 4 .7 30 18 4 .8 30 4 5 .0 98 4 .0
98 40 30 22 4. 75 30 12 5 .0 30 — — 98 3 .8
98 48 30 — — 30 — — 30 — — 98 3 .8

105 4 30 27 4. 02 30 26 4 .1 2 30 18 4 .3 7 98 3 .7 5
6 30 25 4 .5 30 25 4 .5 30 18 4 .5 98 3 .8
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the d e v e lo p m e n t of e g g s . B lack  sp o ts , show ing a lm o s t  fu ll 

d ev e lo p m en t of the la rv a e  in s id e  egg sh e lls  a p p e a re d  in  the 

m a jo r i ty  of c a s e s  even  though  a c tu a l  ha tch in g  did no t o c c u r , 

in d ica tin g  th a t  so m e  d e v e lo p m e n t con tinued  even  a t  98° F . and 

th a t i t  i s  s lig h tly  above the  u p p e r v i ta l  l im it  fo r  the  eggs.

E ggs e x p o sed  fo r  a  d u ra tio n  of tw en ty -one  h o u rs  to  105° F . 

h a tch ed  in  5 .3  to 5 .7 5  d ay s; th o se  ex p o sed  fo r  s ix  h o u rs  took 

only 4. 5 day s to  h a tc h . The v ia b ility  of eggs ex p o sed  to 105° 

F .  fo r  tw en ty -o n e  h o u rs  ra n g e d  f ro m  43% u n d e r 100% r e l a ­

tive  h u m id ity  to  25% u n d e r  a  r e la t iv e  h u m id ity  of 35% . In 

n a tu re  ev en  though  the r e la t iv e  h u m id ity  of the  a i r  m ay  be 

low , the  eggs being  la id  on g re e n  su c c u le n t le a v e s  and  shoo ts 

m ay  n o t s u f fe r  to an y  a p p re c ia b le  e x te n t. H ow ever, lo n g e r

e x p o su re s  to  105° F .  w ould  a ffe c t the  v ia b ility  of the  eggs

< o
v a ry  a d v e r s e ly .  S h o r te r  e x p o su re s  to  te m p e ra tu re s  above 105

F .  m a y  be e q u a lly  h a rm fu l.

(b) E ffe c t of h u m id ity  on d ev elo p m en t of eggs

T he in fluence  of h u m id ity  on the r a te  of deve lopm en t of 

eggs is  g iven  in  T a b le s  I an d  II. The d ev e lo p m en t is  s lig h tly  

m o re  u n d e r  70% re la t iv e  h u m id ity  a t  m ed iu m  te m p e ra tu re s .



T he d iffe re n c e  is  no t w e ll m a rk e d , e sp e c ia l ly  a t  h ig h e r  te m ­

p e r a tu r e s .  G e n e ra lly  eggs kep t u n d e r 70% re la tiv e  h u m id ity  

h a tc h e d  a couple  of h o u rs  b e fo re  o th e rs  ha tch in g  u n d e r 35% 

re la t iv e  h u m id ity  and  a t  ab o u t the  sam e  tim e  u n d e r s a tu ra te d  

c o n d itio n s . T h ese  o b se rv a tio n s  show  th a t the  e g g -s h e ll  of th is  

in s e c t  d o es  no t e a s i ly  a llo w  lo s s  of m o is tu re  f ro m  the egg con­

te n ts . T he f la t  and  s c a le - l ik e  a p p e a ra n c e  of the eggs m ay  be 

qu ite  h e lp fu l in  th is  r e s p e c t .  F u r th e rm o re ,  a s  the  eggs a r e  

la id  on g re e n  su c c u le n t t i s s u e s  of the  p lan t they  a r e  in  a  sa fe  

p o s itio n  to  e sc a p e  dam age  f ro m  low  h u m id ity  of the  a i r .

(c) E ffe c t of te m p e ra tu re  an d  h u m id ity  on v ia b ility

The v ia b ility  of eggs of G ra p h o lith a  m o le s ta  v a r ie s  con­

s id e ra b ly  u n d e r d if fe re n t co n d itio n s p a r t ic u la r ly  a t  a d v e rs e  te m ­

p e r a tu r e s .  S te a rn s  (26) r e p o r te d  5 7 .9 8 % , 5 6 .8 4 % , 57.14%  and  

66. 1% v ia b ility  of eggs fo r  the  f i r s t ,  seco n d , th ird  and  fo u rth  

b ro o d  re s p e c t iv e ly . S te a rn s  and  N e isw a n d er (28) in  Ohio found 

the  v ia b ility  of eggs to be 9 7 .5 7 % , 9 8 .2 % , 96.6%  and  91.3%  

fo r  the  seco n d , th ird ,  fo u r th  and  f if th  b ro o d  re s p e c tiv e ly .

D a ta  on the  v ia b ility  of eggs o b ta in ed  d u rin g  the  p re s e n t  

in v e s tig a tio n  a r e  g iven  in  T a b le s  II and  III and  d ep ic ted  g ra p h ic a lly



T A B L E  n i

THE VIABILITY O F EGGS O F GRAPHOLITHA M OLESTA UNDER D IF F E R E N T  CONDITIONS

T em ­
p e r ­
a tu re  
°  F .

R e la tiv e  H um id ity

100% 70% 35%

T o ta l
No.
o£

E g g s

N o. of 
E g g s 

H atched

P e r
cen t
V ia­
b ili ty

T o ta l
No.
of

E g g s

N o. of 
E ggs 

H a tch ed

P e r
cen t
V ia ­
b ili ty

T o ta l
No.
of

E ggs

N o. of 
E g g s 

H atched

P e r
cen t
V ia­
b ility

60 92 83 90 68 51 75 50 36 72

65 256 237 9 2 .5 196 152 7 7 .5 208 161 7 7 .4

75 183 180 9 8 .3 140 138 9 8 .6 132 116 8 7 .8

85 120 117 9 7 .5 128 125 9 7 .5 160 124 7 7 .5

94 50 45 9 0 .0 50 44 88 50 0 0 .0

95 90 31 3 4 .0 80 42 5 2 .5 60 0 0 .0

u>
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in  F ig u re s  4 and  5. It w as 90% , 9 2 .5 % , 9 8 .3 % , 97 .5%  and  

90% u n d e r  s a tu ra te d  re la t iv e  h u m id ity  a t  c o n s tan t te m p e ra tu re s  

of 60 , 65 , 75 , 85 and  94 F . , r e s p e c tiv e ly . The c o r r e s ­

ponding v a lu e s  u n d e r  r e la t iv e ly  d ry  cond itions of 35% re la tiv e

h u m id ity  w e re  72% , 7 7 .4 % , 8 7 .8 % , 77.5%  and  0 .0 % . A t a

o
c o n s ta n t te m p e ra tu re  of 95 F .  the  v ia b ility  w as 34% , 52.5%

an d  0 .0%  u n d e r r e la t iv e  h u m id itie s  of 100% , 70% and 35% ,

re s p e c t iv e ly . No eggs h a tc h e d  w hen ex p o sed  to 98° F .  fo r

40 h o u rs  u n d e r  35% re la t iv e  h u m id ity , w h e re a s  73.3%  and  40%

h a tc h ed  u n d e r 100% re la t iv e  h u m id ity  and  70% re la tiv e  h u m id -

o
ity , re s p e c t iv e ly . A n e x p o su re  of 21 h o u rs  a t  105 F . red u c ed  

the  v ia b il ity  of eggs to 43% u n d e r h ig h e r  h u m id itie s  and  to 25% 

u n d e r the  low  h u m id ity  of 35% . It is  e v id e n t f ro m  th e se  d a ta  

th a t the  eggs of the  o r ie n ta l  f r u i t  m o th  can  to le ra te  f a i r ly  h igh  

te m p e r a tu re s  and  low  h u m id it ie s . U nder m ed iu m  te m p e ra tu re s  

the  v ia b il i ty  w as se ld o m  le s s  th an  75% , even  u n d e r the lo w est 

h u m id ity  t r ie d .  N e a r  the  u p p e r v i ta l  l im it ,  the  d e le te r io u s  e f­

f e c t  of low  h u m id ity  b e ca m e  m a rk e d ly  p ro n o u n ced  a s  eggs under 

35% re la t iv e  h u m id ity  fa i le d  to h a tc h  a t  94° and  95° F . N e a r  

s a tu ra te d  re la t iv e  h u m id itie s  a r e ,  th e re fo re ,  b e n e fic ia l and 

d r i e r  co n d itio n s  a r e  h a rm fu l. The in fluence  of re la tiv e  hum id ity
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se e m e d  to  be m o re  m a rk e d  on the v ia b ility  of the eggs than  

on th e  in cu b a tio n  p e rio d .

2. L a rv a l  S tage

(a) E ffe c t of te m p e ra tu re  on developm en t

(i) D u ra tio n ; The la rv a l  p e r io d  of the  o r ie n ta l  f r u i t  m o th  in  

th is  d is c u s s io n  is  tak en  to m ea n  the grow ing  p e rio d , the in te r ­

v a l betw een ' the  e c lo s io n  and  the tim e  the la rv a  s t a r t s  sp inn ing  

a  cocoon . The sp inn ing  of the  cocoon  m ay  have been  e ith e r  

fo r  im m e d ia te  pupation  o r  fo r  the p u rp o se  of h ib e rn a tio n . The 

feed in g  p e r io d  of the la rv a e  v a r ie s  c o n s id e ra b ly  in  n a tu re  a t  

d if fe re n t p la c e s  depending  upon the  a lt i tu d e , la titu d e  of the 

p lac e  an d  the  tim e  of the y e a r .  The q u an tity , q u a lity  and  kind 

of food have b een  known to in fluence  the  len g th  of th is  p e rio d . 

A p a r t  f ro m  the above f a c to r s  th e re  a r e  la rg e  ind iv idua l v a r i ­

a tio n s  w ith in  one lo t of la rv a e  kep t u n d e r u n ifo rm  co nd itions.

The la rv a e  h ad  been  s tu d ied  e x te n s iv e ly  in  d iffe re n t 

s ta te s  of the U. S. A . bu t the  d u ra tio n s  w ere  g iven  g e n e ra lly  

a c c o rd in g  to  the  b ro o d . T hey w ere  r e a r e d  in  the in s e c ta ry  

u n d e r u n c o n tro lle d  cond itions of te m p e ra tu re .  D ickson  (5) s tu d ­

ied  th em  u n d e r c o n s tan t te m p e ra tu re s  but he d id  not m ention '



the d u ra tio n  of the  feed in g  p e r io d . H arukaw a (13) r e p o r te d  the 

g row ing  p e r io d  u n d e r m o re  o r  l e s s  c o n s tan t te m p e ra tu re s  f ro m  

Ja p an , a lth o u g h  he w as no t s u re  of a c c u ra c y  of h is  e x p e r i ­

m e n ts  and  he found i t  d iff ic u lt to a r r iv e  a t  d e fin ite  c o n c lu s io n s  

b a se d  upon th o se  r e s u l t s .  He found the  grow ing  p e rio d  to be 

1 0 .8  d ay s  a t  3 3 ° ' C . , 8 .6  day s a t  30°, 9 days a t  27°, 10 .3  days 

a t  2 5 ° , 1 5 .4  days a t  20° an d  2 1 .8  day s a t  17° C. S te a rn s  (26) 

w hile w ork ing  in  V irg in ia  found i t  to be 1 8 .98  days on an  a v e r -  

a g e , w ith  a  m in im u m  of 9 day s and  a  m ax im u m  of 30 days fo r  

the f i r s t  b ro o d . C o rre sp o n d in g  d a ta  g iven  by h im  fo r  the s e c ­

ond b ro o d  w as 1 4 .57  d a y s , 9 days and  22 d ay s; fo r  the th ird  

g e n e ra tio n  17. 1 d a y s , 11 day s and  22 d a y s , fo r  the  fo u r th  gen ­

e ra t io n  4 5 .4 3  d a y s , 25 days and  69 day s re s p e c tiv e ly . S te a rn s  

and  P e te r s o n  (27) in  New J e r s e y  re c o rd e d  a  m ax im u m  feed ing  

p e r io d  of 25 day s in  1924, 34 days in  1925, a  m in im u m  of 8 

days e a c h  y e a r  and  a v e ra g e s  of 1 4 .4  and  1 4 .3  d a y s , re s p e c tiv e ly . 

In 1924 the  m e a n  d a ily  te m p e ra tu re  fo r  the  feed ing  p e r io d  of 

th is  b ro o d  w as 6 5 .4 °  F . ; in  1925, 7 0 .1 °  F .  P e te r s o n  and 

H a e u s s le r  (20) found th a t la te  in  the  s e a s o n  in  New  J e r s e y ,

the  o v e rw in te r in g  la rv a e  in  p a r t ic u la r  r e q u ire d  50-115 days to

o
b ecom e fu ll  g row n. A t a n  a v e ra g e  te m p e ra tu re  of 6 6 .5  F . ,



D u stan  (6), w ork ing  in  O n ta rio , C anada, found the  la rv a l  feed ing  

p e r io d  to be 28 day s w hen fed  on s to ra g e  a p p le s  and  20 days 

w hen su p p lied  w ith  p e a c h  sh o o ts . In la te  f a l l  a t  an  a v e ra g e  

te m p e ra tu re  of 46. 5 F .  he found th a t  som e c a te r p i l la r s  r e ­

q u ire d  80 -92  d ay s  to  b ecom e fu ll g row n.

In the  p r e s e n t  in v e s tig a tio n  the  la rv a e  w e re  fed  on

s to re d  a p p le s , and  w e re  r e a r e d  a t  c o n s ta n t te m p e ra tu re s  of

o o o o
65 , 75 , 85 and  95 F .  A s the  la rv a e  a lw ays fe e d  by bo rin g

into  the  food s a tu ra te d  w ith  m o is tu re  th ey  could  no t be grow n 

on s e m i- d r y  food. The r e s u l ts  a r e  g iven  in  T ab le  TV and  

show n g ra p h ic a lly  in  F ig u re s  6 and  7. The a v e ra g e  la rv a l  

p e r io d  w as 3 6 .8 1  day s a t  65° F . , 2 4 .4 1  days a t  75°, 2 0 .45  

day s a t  85° and  1 8 .0  day s a t  95° F . ,  r e s p e c t iv e ly . The c o r ­

re sp o n d in g  m ax im u m  p e r io d  w as 58 d a y s , 36 d a y s , 38 days and  

25 d ay s; an d  the  m in im u m  of 22 d a y s , 14 d a y s , 10 days and  

11 d a y s , re s p e c t iv e ly . The r a te  of d ev e lo p m en t in c re a s e d  u n i­

fo rm ly  up to 75° F .  A bove 75° F .  the  sa m e  r a te  of d e v e lo p -

o
m e n t w as no t m a in ta in e d . A c o n s ta n t te m p e ra tu re  of 75 F . , 

th u s a p p e a rs  to  be v e ry  c lo se  to the  o p tim u m  te m p e ra tu re  fo r  

l a r v a l  d ev e lo p m en t, the  op tim um  ran g e  p ro b ab ly  te rm in a te s  a t  

85° F .  o r  even  a t  a  lo w er te m p e ra tu re .
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TA B LE IV

THE DURATION AND VIABILITY OF LARVAL STAGE O F 
GRA PH OLITHA M OLESTA UNDER 

D IF F E R E N T  CONDITIONS

T e rn -  L a r v a l  P e r io d  in  D ays
p e r -  
a tu re  
°  F .

A v e r -  M a x - M in -
age im u m  im u m

No. of 
L a rv a e  

K ept

No. of 
L a rv a e  
W hich 
Spun 

C ocoons

V iab ility
P e rc e n t

65 3 6 .81 58 22 7580 958 12. 65

75 2 4 .41 36 14 7706 1286 16 .7

85 2 0 .4 5 38 10 6429 1182 1 8 .4

95 1 8 .0 25 11 1538 228 14 .8
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(ii) T h re sh o ld  of d e v e lo p m e n t: The re la tio n  of la r v a l  feed ing

p e rio d  to  te m p e ra tu re  i s  show n in  F ig u re  6. The re c ip ro c a ls

of the  p e r io d s  m u ltip lie d  by one h u n d red  a r e  a ls o  p lo tted . T h is

line  i s  c a lle d  the  in d ex  of d eve lopm en t. In F ig u re  3 g iven  by

H aru k aw a (13) the  lin e  of in d ex  of deve lopm en t c ro s s e s  the

o o
te m p e ra tu re  a x is  a t  10 C. (50 F . )  w hich  se e m s  to be high .

H ow ever, he  h im s e lf  w as no t s u re  of the a c c u ra c y  of h is  ex ­

p e r im e n ts .  T h is  lin e , a c c o rd in g  to p re s e n t  e x p e r im e n ts , c ro s s e s

o
the te m p e ra tu re  a x is  a t  4 3 .5  F . T h is  te m p e ra tu re  is  the th e ­

o r e t ic a l  th re s h o ld  of d ev e lo p m en t. The a c tu a l th re s h o ld  m ay  

lie  s lig h tly  below  4 3 .5 °  F . T h is  te m p e ra tu re  i s  0 .5  to 

3 .5 °  lo w e r th an  th a t fo r  the  eggs (F ig u re s  1-3) depending upon 

the  r e la t iv e  h u m id ity  to w hich  the  eggs w ere  ex posed . T h is 

w ould in d ic a te  th a t the  la rv a e  continue to develop  a t  te m p e ra ­

tu r e s  lo w e r th an  th o se  fo r  eg g s . T h is  e n ab les  th e  la rv a e  

h a tc h in g  la te  in  the  se a so n  in  fa l l  to  con tinue  to  develop  fo r  a 

lo n g e r  p e r io d  and  th u s h e lp s  th em  to becom e fu ll  grow n b e fo re  

e n te r in g  in to  d iap au se .

G lenn (11) and  S h e lfo rd  (23) found  4 7 .5 °  F . a s  the th e ­

o r e t ic a l  th re s h o ld  of dev e lo p m en t fo r  the  la rv a e  of the codling 

m o th . In c a lcu la tin g  day d e g re e s , th ey  em ployed  50 F .  a s  the



s ta r t in g  po in t. T h u s , la rv a e  of the o r ie n ta l  f r u i t  m o th  can  

d ev elo p  a t  te m p e ra tu re s  low er th an  th o se  fo r  the  la rv a e  of the  

cod ling  m o th . T he fo r m e r  cou ld  con tinue  to  develop  fo r  a  

lo n g e r  p e r io d  in  la te  f a l l  a s  c o m p a re d  to  th o se  of the  codling  

m o th . The la rv a e  of the cod ling  m o th  in  n a tu re  go in to  h ib e r ­

n a tio n  m u ch  e a r l i e r  th an  th o se  of the  o r ie n ta l  f r u i t  m o th . T h is 

p ro b a b ly  is  one of the  re a s o n s  fo r  the  s m a lle r  n u m b e r of gen ­

e ra t io n s  in  the  c a se  of the  cod ling  m o th  u n d e r s im ila r  s e t  of 

co n d itio n s .

(b) E ffe c t of te m p e ra tu re  on v ia b ility

In fo rm a tio n  on the  e ffe c t of te m p e ra tu re  on la rv a l  v ia ­

b ili ty  is  r a th e r  sc a n ty . H a ru k a w 's  (13) d a ta  b a se d  on a  sm a ll  

n u m b e r  of in d iv id u a ls  show  th a t th e re  w as 14% m o r ta l i ty  a t  

20° C . ,  20 .8%  a t  25° C. , 12 .6%  a t  27° C . , 40% a t  33° C. 

and  81 .2%  a t  34° C. S te a rn s  and  N e isw a n d e r (28) s tu d ied  the 

e ffe c t o f food on the  la rv a l  v ia b ility . T hey  found th a t v ia b il­

i ty  w as 44% , 33% , 5 6 .9 % , 12% and  13.3%  w hen the  la rv a e  w ere  

fed  on p e ac h , p lu m , a p p le , p e a r  and  q u in ce , re s p e c tiv e ly .

In the p r e s e n t  e x p e r im e n ts  the  la rv a l  v ia b ility  a s  shown 

in  T ab le  IV an d  F ig u re  7 w as found to  be 12 .65% , 1 6 .7 % , 18.4%



and  14 .8%  a t  65 , 75 , 85 and  95 F . , r e s p e c tiv e ly . T h ese  

f ig u re s  a r e  r a th e r  low , p ro b a b ly  b e c a u se  th ey  a r e  b a se d  on 

the r e a r in g  of s e v e r a l  th o u san d  young la rv a e  in  s m a ll  c a g e s . 

G row th  of fungus and  f r e e  w a te r  a cc u m u la tin g  f ro m  a p p le s  w e re  

a ls o  re s p o n s ib le  in  red u c in g  the n u m b er of la rv a e  rea ch in g  

m a tu r i ty .  In c a s e s  w h e re  a  few  in d iv id u a ls  w ere  r e a r e d  the 

v ia b ility  w as so m e tim e s  a s  h igh  a s  50-70% . In n a tu re  a lso  

i t  w ould be e x p ec te d  th a t  the  m o r ta l i ty  of the la rv a e  w ould be 

h igh  on a cc o u n t of the u n a v a ila b ility  of the  r ig h t  type of food 

a t  the  p ro p e r  t im e , d riv in g  r a in s ,  d is e a s e s ,  p a r a s i te s ,  p re d a to rs  

and  s e v e r a l  unknow n f a c to r s .  G u m m o sis  f ro m  the tw igs and  

f r u i t s  of p e ac h  in ju re d  by la r v a l  b o rin g s  is  of com m on o c c u r ­

re n c e  an d  no t in fre q u e n tly  c r e a te s  cond itions u n su itab le  fo r  

the s u rv iv a l  of the  la rv a e  feed in g  th e re in .

3. P u p a l S tage

T he fu ll  g row n la rv a e  of the  o r ie n ta l  f r u i t  m o th  leave  

the  f r u i t  in  w hich  th ey  fe e d  and  com e to  the top  of the  re a r in g  

d ish  fo r  the  p u rp o se  of sp inn ing  co co o n s. T h ese  la rv a e  w ere  

re m o v e d  e v e ry  day  f ro m  d ish e s  kep t a t  v a r io u s  c o n s ta n t te m ­

p e r a tu r e s .  T hey  w e re  coun ted  and  put in  s m a ll  g la s s  v ia ls
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co n ta in in g  s h o r t  s t r ip s  of c o rru g a te d  p a p e r . T h ey  w ould re a d ily  

sp in  co co o n s. The p e r io d  a f te r  a  la rv a  s t a r t s  sp inn ing  up to 

the  tim e  i t  p u p a te s  in s id e  the  cocoon  is  c a lle d  the p re p u p a l 

p e r io d . S e v e ra l w o rk e rs  in  the  p a s t  have m en tio n ed  th is  d u ra ­

tio n  s e p a ra te ly  f ro m  the  pupa l p e rio d . T h is n e c e s s i ta te s  t e a r ­

ing the cocoon and  d is tu rb in g  the la rv a e  o r  the  u se  of s e m i­

t r a n s p a r e n t  p a p e r . F o r  the p r e s e n t  in v e s tig a tio n  i t  w as no t 

c o n s id e re d  n e c e s s a r y  to  d e te rm in e  th is  p e r io d  a p a r t  f ro m  the 

pupa l p e r io d . W henever the pupa l p e r io d  o r  pupal s tag e  is  

m en tio n ed  h e r e a f te r ,  i t  shou ld  be tak e n  to  m e a n  the  e n tire  

p e r io d  a f te r  the  la rv a  s ta r te d  sp inn ing  a  cocoon to i ts  fin a l 

e m e rg e n c e  a s  a  m o th .

The pupae a r e  c o n s id e ra b ly  in flu en ced  by te m p e ra tu re  

and  h u m id ity , p e rh a p s  m o re  so  th an  the eg g s. S te a rn s  (26) 

found th e  pupal p e r io d  to be 1 4 .49  d a y s , 12 .88  days and  12 .55  

d ay s fo r  the f i r s t ,  seco n d  an d  th ird  b ro o d  re s p e c t iv e ly  in  one 

y e a r  in  n o r th e rn  V irg in ia . In a n o th e r  y e a r  the  c o rre sp o n d in g  

p e r io d  w as 1 5 .2 4  d a y s , 1 3 .9 4  d a y s , 15 .02  days re s p e c tiv e ly . 

S te a rn s  and  N e isw a n d e r (28) w ork ing  in  Ohio found i t  to be 

1 5 .2  d a y s , 1 6 .7  days and  1 6 .5  days fo r  the  second , th ird  and 

fo u r th  b ro o d , re s p e c t iv e ly  in  1927. F o r  the su m m e r ind iv idua ls
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th ey  m e n tio n e d  32 d ay s  a s  the  m ax im u m  and  7 day s a s  the 

m in im u m . P e te r s o n  an d  H a e u s s le r  (20) found i t  to v a ry  f ro m  

8 to 33 day s w ith  an  a v e ra g e  of 14 days u n d e r N ew  J e r s e y  

co n d itio n s . T hey  i l lu s t r a te d  the  re la tio n sh ip  be tw een  the  a v e r ­

age  te m p e ra tu re s  e x is tin g  d u rin g  su m m e r and  the pupal p e rio d . 

It w as 1 0 .5  day s a t  83° F .  , 1 2 .5  day s a t  75° F . and  16 days 

a t  68° F .  H aru k aw a (13) f ro m  Ja p an  r e p o r te d  i t  a s  8 .4  days 

a t  33° C . , 7 .2  days a t  30° C . , 8 .9  day s a t  29° C . , 10 days 

a t  25° C . , 1 4 .6  day s a t  20° C. an d  2 1 .5  days a t  1 7 .1 °  -  1 7 .4 °

C. He r e a l iz e d  th a t  h is  r e s u l ts  w e re  not s a t is f a c to r i ly  re g u la r  

o
above 28 C . , a lth o u g h  he d id  no t give any  ex p lan a tio n  fo r  the 

i r r e g u la r i t i e s .

The r e s u l t s  f ro m  the p r e s e n t  in v e s tig a tio n  u n d e r v a r io u s  

c o n s ta n t te m p e ra tu re  co m b in a tio n s  and  re la tiv e  h u m id itie s  a r e  

g iven  in  T a b le s  V and  VI and  a r e  show n in  F ig u re s  8 -13 .

(a) E ffe c t of te m p e ra tu re  on d ev e lopm en t

(i) D u ra tio n : T h e re  w e re  two s e ts  of e x p e r im e n ts  in  o rd e r  to

fin d  out the  in flu en ce  of te m p e ra tu re  on the  pupal s ta g e . In 

one s e t  the  pupae w e re  k ep t a t  the  sam e  te m p e ra tu re  a t  w hich 

the  eggs and  la rv a e  w e re  g row n. U nder th e se  cond itions the
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T A B LE V

P U P A L  PE R IO D  (DAYS) O F GRAPHOLITHA M OLESTA 
UNDER D IF F E R E N T  CONDITIONS

T e m p e ra tu re  
°  F .

R e la tiv e  Humidity-

100% 70% 35%

P u p a l
S tage

a t

E ggs
and

L a rv a e
R e a re d

a t

N o. of 
O b s e r ­
v a tio n s

A v e r ­
age
P e ­
r io d

N o. of 
O b s e r ­
v a tio n s

A v e r­
age
P e ­
rio d

No. of 
O b s e r ­
v a tio n s

A v e r ­
age
P e ­
rio d

65 65 32 19 56 2 0 .8 18 2 4 .5

75 75 132 1 4 .3 50 15 78 17.3

85 85 134 1 2 .0 94 1 3 .0 90 14 .2

95 95 12 1 1 .0 25 11 .5 7 12 .5

No m oth
85 75 104 1 1 .2 94 12 e m e rg e d  out

of 135 pupae

One

85 65 44 1 6 .4 24 22
(out of 

78 15

pupae)

65 85 76 2 1 .5 38 2 3 .2 30 2 5 .2



TA B LE VI

VIABILITY O F P U P A E  O F GRAPHOLITHA M OLESTA 
UNDER D IF F E R E N T  CONDITIONS

T e m p e ra tu re  
°  F .

R e la tiv e  H um id ity

100% 70% 35%
P r e

P upae
and

P upae
a t

E ggs
and

L a rv a e
R e a re d

a t

No.
of

P u p ae

No. of 
M oths 

E m e rg e d

V ia­
b ili ty
P e r
cen t

No.
of

P u p ae

N o. of 
M oths 

E m e rg e d

V ia ­
b ility
P e r
cen t

No.
of

P u p ae

N o. of 
M oths 

E m e rg e d

V ia­
b ili ty
P e r
cen t

65 65 268 112 4 1 .8 392 96 2 4 .5 214 18 8 .4

75 75 390 280 7 1 .8 357 180 5 0 .4 256 104 4 0 .6

85 85 196 134 6 8 .3 6 176 96 5 4 .5 5 294 94 3 1 .9 7

95 95 86 12 1 4 .0 63 25 39. 6 62 7 1 1 .3

85 75 184 128 6 9 .5 6 270 136 5 0 .3 7 260 0 0 .0

85 65 96 44 4 5 .8 3 120 44 36. 7 78 1 1 .2

65 85 266 122 4 5 .8 6 160 42 26 .2 5 .198 30 15 .1
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pupa l d u ra tio n  w as 19 d a y s , 1 4 .3  d ay s , 1 2 .0  days and  1 1 .0  

days a t  a  c o n s ta n t te m p e ra tu re  of 65°, 75°, 85° and  95° F . , 

r e s p e c t iv e ly , u n d e r  a  r e la t iv e  h u m id ity  of 100% . In the  second  

s e t  the  la rv a e  r e a r e d  a t  65° and  75° F .  w e re  t r a n s f e r r e d  to 

85° F . , an d  th o se  fed  a t  85° tak en  to 65° F .  du rin g  th e ir  co ­

coon p e r io d . The d u ra tio n  u n d e r 100% re la tiv e  h u m id ity  w as 

1 1 .2  d ay s  a t  85° F .  ( la rv a e  f ro m  75°), 1 6 .4  days a t  85° F .

( la rv a e  f ro m  65° F . )  and  2 1 .5  day s a t  65° F .  ( la rv a e  fro m  

o .
85 F . ) .  U nder the s t r a ig h t  s e t  the d u ra tio n  con tinued  to d e ­

c re a s e  w ith  the r i s e  of te m p e ra tu re . The d e c re a s e  w as not

o ou n ifo rm  e s p e c ia l ly  b e tw een  75 an d  95 F . F ro m  the second  

s e t  i t  is  c le a r  th a t the te m p e ra tu re  a t  w hich the la rv a e  w ere  

g row n h ad  a  d is t in c t  in fluence  on the d u ra tio n  of the pupae kept 

a t  a n o th e r  te m p e ra tu re .  L a rv a e  g row n a t  65° F . had  a  longer

d u ra tio n , a lm o s t  one and a  h a lf  t im e s  g r e a te r  a s  c o m p a red  to

o oth o se  fed  a t  75 F .  and  su b seq u en tly  t r a n s f e r r e d  to  85 F .  in

ea c h  c a s e .  A n o th e r in te re s t in g  fe a tu re  is  th a t the pupae fo rm ed

f ro m  la rv a e  grow n a t  65° F .  and  kep t a t  65° F .  had  a  s h o r te r

d u ra tio n  a s  c o m p a re d  to th o se  w hich w e re  t r a n s f e r r e d  f ro m  a

h igh  te m p e ra tu re  of 85° F .  to a  low  te m p e ra tu re  of 65° F .

d u rin g  th e i r  cocoon p e rio d . T hus r is in g  te m p e ra tu re s  in  sp rin g

sh o r te n  the  pupa l d u ra tio n  and  d e c re a s in g  te m p e ra tu re s  in  fa ll
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len g th en  the pupal p e rio d . In the  f o rm e r  c a se  the  in te r e s t  of 

the  s p e c ie s  l ie s  in  b r in g  fo r th  i ts  a d u lts , and  con seq u en tly  

eg g s , e a r ly  in  the  s e a s o n  to  tak e  advan tage  of new  g row th  and  

to  co m p le te  m o re  g e n e ra tio n s , w h e re a s , in the  l a t t e r  c a se  th e re  

i s  a  g r e a te r  ten d en cy  to  a r r e s t  developm en t due to  ap p ro ach in g  

u n fav o ra b le  w e a th e r  co n d itio n s .

(ii) T h re sh o ld  of d ev e lo p m en t: A n ex am in a tio n  of F ig u re s  8 -10

show s th a t the th e o re tic a l  th re s h o ld  of deve lopm en t fo r  the 

pupae l ie s  a t  4 6 .5 °  F . , 49° and  5 2 .5 °  F .  u n d e r re la tiv e  hu ­

m id it ie s  of 100% , 70% and  35% , re s p e c tiv e ly . T h ese  f ig u re s  

s e e m  to  be v e ry  s ig n if ic a n t. U nder m o is t  cond itions the pupae 

w e re  a b le  to continue d ev e lo p m en t a t  lo w er te m p e ra tu re s  a s  

c o m p a re d  to  th o se  ex p o sed  to a  d ry  s e t  of co n d itio n s. In a r e a s  

w ith  m o is t  c lim a te , p a r t ic u la r ly  in  th o se  having  re la tiv e  h um id ­

i t ie s  v a ry in g  f ro m  80-90%  the p e s t  cou ld  s t a r t  developm en t 

e a r ly  in  sp r in g  and  th u s in c re a s e  to  la rg e  p ro p o r tio n s  and  cau se  

s e r io u s  d am ag e . On the  o th e r  hand , u n d e r d ry  cond itions the 

in s e c t  w ould continue to  be in ac tiv e  u n til the te m p e ra tu re  h as 

r i s e n  w ell above 5 2 .5 °  F .  an d  would lag  behind  and  not be ab le  

to  b u ild  up i ts  popu la tion  qu ick ly .



T he th re s h o ld  of d ev e lo p m en t fo r  the  pupae is  h ig h e r  

th an  th a t  fo r  eggs o r  la rv a e .  T h is  a p p e a rs  to be a n o th e r  in ­

su ra n c e  p ro v id e d  by the s p e c ie s  to  tid e  o v e r  in c le m e n t w e a th e r . 

The eg g s an d  la rv a e  w hich  a r e  no t h ib e rn a tin g  continue to  d e ­

v e lop  ev en  a t  low  te m p e ra tu re s  to r e a c h  m a tu r ity . In the pupal 

co nd ition  d ev e lo p m en t w ould no t p ro c e e d  u n le s s  the  w e a th e r  

h a s  su ff ic ie n tly  w a rm e d  up. The eggs and  su b seq u en t la rv a e  

f ro m  th e m  w ould be ex p o sed  to  m o re  fav o u ra b le  co n d itio n s.

It i s  in te re s t in g  to  c o m p a re  th e se  d a ta  w ith  th o se  of the

o
cod ling  m o th  g iven  by S h e lfo rd  (23). He c a lc u la te d  5 0 .1  and 

5 1 .4 °  F .  a s  the  th re s h o ld  of d ev e lo p m en t fo r  re la tiv e  h u m id i­

t ie s  of 70-97%  and  50-60%  re s p e c tiv e ly . T h ese  f ig u re s  a r e  

p r a c t ic a l ly  of the  sa m e  o r d e r  a s  th o se  fo r  the  o r ie n ta l  f ru i t  

m o th  r e p o r te d  above; th a t is  the th e o re tic a l  th re s h o ld  of d e v e l­

op m en t is  lo w er in  h igh  h u m id ity  e x p e r im e n ts  a s  c o m p a re d  to 

th a t  in  the  low  h u m id ity  o n e s . The d iffe re n c e  be tw een  the v a l­

u e s  a t  h igh  an d  low  h u m id itie s  is  m o re  in  the  c a se  of the o r i ­

e n ta l f r u i t  m o th , show ing th a t th is  s p e c ie s  p r e f e r s  m o re  m o is t  

co n d itio n s fo r  i ts  pupal d ev e lo p m en t th an  does the  codling  m oth .

(iii) O p tim um  and  u p p e r v i ta l  l im i t s : T he in d ic e s  of deve lop ­

m e n t (F ig u re s  8-10) show u n ifo rm  a c c e le ra t io n  up to  a  te m p e ra tu re
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of 75 F .  A bove th is  th ey  d e fle c t to w a rd s  the  r ig h t  show ing 

th a t  the r a te  of d ev e lo p m en t s lo w s, down above 75° F . The 

d e c lin e  is  l e s s  s te e p  u n d e r 100% re la tiv e  h u m id ity  th an  u n d e r 

35% re la tiv e  h u m id ity . T h is  d ec lin e  i s  m o re  th an  th a t fo r  the  

la rv a e ,  show ing th a t h ig h e r  te m p e ra tu re s  a r e  c o m p a ra tiv e ly  

m o re  d e tr im e n ta l  fo r  the  pupae th an  fo r  the la rv a e .

The e ffe c t of low  te m p e ra tu re s  on cocooning la rv a e  w as 

no t d e te rm in e d  a s  th ey  a re  ex p ec ted  to  to le r a te  f a i r ly  low  te m ­

p e ra tu r e s  p re v a ilin g  in  te m p e ra te  re g io n s . T h is  w ill no t be 

m a te r ia l ly  d if fe re n t f ro m  o th e r  in s e c ts  p a r t ic u la r ly  f ro m  the 

codling  m o th . A cco rd in g  to  N ew com er and  W hitcom b (19),

A w in te r  te m p e ra tu re  of -2 5 °  F . o r  c o ld e r  m ay  
k ill  a l l  the  cod ling  m o th  la rv a e  above snow  lin e , a  te m ­
p e ra tu r e  of -2 0  to 25 F .  m ay  k ill  80 to 90 p e r  cen t of 
the la rv a e , a  te m p e ra tu re  of -15  to  -20  F .  m ay  k ill 
70 to  80 p e r  cen t, w hile  a te m p e ra tu re  of only -7  o r  
-8  F .  k i lls  only abou t fo u r  p e r  c e n t of the  w in terin g  
l a r v a e .

(b) E ffe c t of h u m id ity  on d ev elopm en t

The d a ta  in  l i t e r a tu r e  on th is  a s p e c t  is  e x tre m e ly  m e a g re . 

In fa c t ,  i t  is  s u rp r is in g  how th is  im p o r ta n t a s p e c t  of the in flu ­

ence  of h u m id ity  on pupa l deve lopm en t re c e iv e d  so l i t t le  a tte n ­

tio n  f ro m  w o rk e rs  in  the  p a s t .  A s the pupal s tag e  of the



o r ie n ta l  f r u i t  m o th  is  g e n e ra lly  p a s s e d  o u ts id e  the g re e n  t is s u e s  

i t  m ay  be c o n s id e re d  lik e ly  th a t c o m p a ra tiv e ly  d r i e r  cond itions 

shou ld  su it  the pupae b e t te r .  P r e s e n t  in v e s tig a tio n s  show  th a t 

th is  i s  n o t the  c a s e . S a tu ra te d  a tm o sp h e re  w as found to be 

m o re  u se fu l. It m a y  b e , th a t in  n a tu re  h igh  h u m id ity  is  m a in ­

ta in e d  n e a r  the  s u r fa c e  of the so il  by e v a p o ra tio n  of m o is tu re  

f ro m  the so il  an d  on acc o u n t of the  p re s e n c e  of lu x u ria n t g row th  

of g r a s s e s  an d  w eed s a ro u n d  the  t r e e s  w h ere  m o s t  of the pupae 

a r e  found . F re q u e n t r a in s  d u rin g  the  a c tiv e  se a so n  would a lso  

h e lp  in  keep ing  the  h u m id ity  h igh .

In th e se  e x p e r im e n ts  the pupal p e r io d  w as found to be 

s h o r te s t  u n d e r  100% and  lo n g e s t u n d e r 35% re la tiv e  hum id ity .

It w as 19 d a y s , 14 .3  d a y s , 12 days and  1 1 .0  days u n d e r 100% 

re la t iv e  h u m id ity  a s  c o m p a re d  to 2 4 .5  d a y s , 17 .3  d ay s , 14 .2  

an d  1 2 .5  d a y s , u n d e r 35% re la t iv e  h u m id ity , a t  c o n s tan t te m ­

p e ra tu r e s  of 65°, 75°, 85° and  95° F . , re s p e c tiv e ly . A low

re la t iv e  h u m id ity  w as e x tre m e ly  d e tr im e n ta l  to pupae kep t a t

o . °85 F .  w hen th e i r  egg and  la r v a l  p e r io d s  had  b een  a t  75 o r

65° F . , a s  v e ry  few  m o th s  e m e rg e d  f ro m  a  la rg e  n u m b er of

p u p ae . The m o th s  e m e rg in g  u n d e r 100% re la tiv e  hum id ity  a t

95° F .  w e re  d e fo rm e d  an d  s h o r t  lived ; th o se  em erg in g  u n d er
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70% re la t iv e  h u m id ity  w e re  w e ll fo rm e d , a c tiv e  and  liv ed  

lo n g e r .

(c) E ffe c t of te m p e ra tu re  and  h u m id ity  on v ia b ility

T he v ia b ility  of the pupae of the  o r ie n ta l  f r u i t  m o th  is  

in flu e n ce d  bo th  by te m p e ra tu re  and  re la tiv e  h u m id ity . A t the 

m ed iu m  ran g e  of te m p e ra tu re s  the  e ffe c t of hum id ity  is  w ell 

m a rk e d . The d a ta  is  p re s e n te d  in  T ab le  VI and  show n in  F ig ­

u r e s  11 -13 . A t c o n s ta n t te m p e ra tu re s  of 65°, 75°, 85° and  

95° F . , the  v ia b ility  w as 4 1 .8 % , 7 1 .8 % , 68.36%  and  14.0%  

u n d e r a  r e la t iv e  h u m id ity  of 100%; 2 4 .5 % , 5 0 .4 % , 54.55%  and 

25% u n d e r a  r e la tiv e  h u m id ity  of 70% ; 8 .4 % , 4 0 .6 % , 31.97%  

and  11 .3%  u n d e r  a  re la tiv e  h u m id ity  of35% , re s p e c tiv e ly . On 

th e  w hole v ia b ility  w as m ax im u m  a t  75° F .  u n d e r d if fe re n t 

re la t iv e  h u m id itie s  a s  c o m p a re d  to  o th e r  te m p e ra tu re s ,  w ith

th a t a t  85° F .  com ing  v e ry  c lo se  to  i t .  A t v a r ia b le  te m p e ra -

o
tu r e s  pupae  e x p o sed  to  85 F .  bu t fo rm e d  f ro m  la rv a e  r e a r e d

a t  65° F .  h ad  a  v ia b ility  of 4 5 .8 3 % , 36 .7%  and  1 .2%  u n d e r a

re la tiv e  h u m id ity  of 100% , 70% an d  35% re s p e c tiv e ly . On the

o ,
o th e r  hand  pupae fo rm e d  f ro m  la rv a e  r e a r e d  a t  85 F .  and  

kep t a t  65° F .  h ad  a  v ia b ility  of 45 .86%  u n d er a  re la tiv e
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h u m id ity  of 100% , 26 .25%  tin d e r 70% h u m id ity  and  15.1%  u n d er 

the  low  h u m id ity  of 35% . The v ia b ility  w as a lw ays h ig h e s t 

u n d e r  s a tu r a te d  a tm o sp h e re  a t  a l l  the  co m b in a tio n s of te m p e r ­

a tu r e s  t r ie d .  U su a lly  i t  w as abou t one and  a  h a lf  t im e s  the  

f ig u re  f o r  70% re la t iv e  h u m id ity . The p e r  cen t v ia b ility  w as 

g e n e ra l ly  le a s t  u n d e r 35% re la t iv e  h u m id ity ; u n d e r one s e t  of 

te m p e r a tu re s  i t  w as even  z e ro .

T he v ia b ility  of pupae ex p o sed  to  65° F . , and  35% r e l ­

a tiv e  h u m id ity  bu t fo rm e d  f ro m  la rv a e  r e a r e d  a t  85° F .  w as 

a lm o s t  double of th o se  w hich  h ad  the  e n tire  life  a t  65° F . T h is 

m e a n s  th a t a  g r e a te r  n u m b er of la rv a e  w hich  m a tu re d  u n der 

h ig h e r  te m p e ra tu re s  w e re  ab le  to  c o m p le te  th e ir  life  s u c c e s s ­

fu lly  a t  low  te m p e ra tu re s  com b ined  w ith  low  h u m id ity  (to w hich 

the  pupae w e re  exposed) a s  c o m p a re d  to  th o se  w hich w ere  

r e a r e d  a t  low  te m p e ra tu re s  and  the  pupae exposed  to  low  te m ­

p e ra tu r e  an d  low  h u m id ity .

A  v ia b il i ty  of 15. 1% u n d e r 35% re la tiv e  h u m id ity  i s  a

l i t t le  l e s s  th an  o n e - th ird  of 45 .86%  v ia b ility  u n d e r s a tu ra te d

o o
co n d itio n s  a t  t e m p e ra tu re s  of 65 F .  fo r  pupae and  85 F .  fo r

the  l a r v a l  s ta g e . T h is  is  r a th e r  s ig n if ic a n t. In a r e a s  of low

h u m id ity  in  la te  su m m e r and  e a r ly  f a l l  a  l e s s e r  n u m b er of

4
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m o th s  w ould e m e rg e . C onseq u en tly  the dam age  to  f r u i t  in 

th o se  a r e a s  is  lik e ly  to  be l e s s .  On the o th e r  hand  p la c e s  

w hich  a r e  m o re  h um id  a t  th a t  tim e  m ay  have la r g e r  e m e rg e n c e  

of m o th s  an d  th e re  is  a  g r e a te r  lik e lih o o d  of dam age  to  f r u i ts  

f ro m  the  la te  b ro o d s  of la rv a e .

4. L a rv a l  D iapause

T he la rv a e  of the o r ie n ta l  f r u i t  m o th  lik e  th o se  of s e v ­

e r a l  o th e r  s p e c ie s  go in to  h ib e rn a tio n , i . e . ,  e n te r  d iap au se  in  

la te  s u m m e r  and  f a l l  to tid e  o v e r u n fav o rab le  w e a th e r  and  food 

c o n d itio n s . The la rv a e  sp in  th ic k  s ilk e n  cocoons and then  r e s t  

in s id e  th e m  fo r  an  ex tended  leng th  of p e r io d  b e fo re  t r a n s fo r m ­

ing in to  pupae . S e v e ra l w o rk e rs  have  a tte m p te d  to in v es tig a te  

the  c a u se s  w hich  in it ia te  d ia p a u se . T hose  m ay  be fa llin g  te m ­

p e r a tu r e s  in  f a l l ,  som e change in  the  q u a lity  and  w a te r  con ten t 

of food , r e la t iv e  h u m id ity , p h o to p e rio d ism , h o rm o n e s  o r  som e 

in h e re n t  f a c to r s .  T h ese  have  been  v e ry  a b ly  rev ie w ed  by 

D ickson  (5). A lthough the  p r e s e n t  in v e s tig a tio n  w as n o t d i­

r e c te d  to w a rd s  find ing  out the  f a c to r s  re sp o n s ib le  fo r  inducing 

d ia p a u se  s e v e r a l  in te re s tin g  f e a tu re s  have been  re v e a le d . The 

r e s u l t s  of th e se  o b se rv a tio n s  a r e  g iven  in  T a b le s  VII to IX.



TA BLE VII

PER IO D  OF DIAPAUSE PLU S PER IO D  O F PU PA TIO N  FO R  SHORT CYCLE LARVAE* OF 
GRAPHOLITHA M OLESTA UNDER D IF F E R E N T  CONDITIONS

T e m p e ra tu re  
°  F .

E ggs
andP e r io d

a t  L a rv a e
R e a re d

a t

R e la tiv e  H um id ity

100% 70% 35%

A v e r­
age

P e r io d

No. of 
O b s e r ­
v a tio n s

A v e r ­
age

P e r io d

No. of 
O b s e r ­
v a tio n s

A v e r ­
age

P e r io d

No. of 
O b s e r­
v a tio n s

65 65 39 8 N il N il N il N il

75 75 46. 7 8 49 15 53 18

85 85 N il N il 35 2 4 4 .5 4

85 75 3 4 .3 24 3 4 .8 42 N il N il

85 65 N il N il 3 4 .4 20 N il N il

65 85 N il N il N il N il N il N il

65 75 N il N il N il N il N il N il

* T o ta l p e r io d  ex tend ing  f ro m  th ir ty -o n e  to  s ix ty  days



TA BLE V in

PER IO D  O F DIAPAUSE PLU S PER IO D  O F PU PA TIO N  FO R  LONG CY CLE LARVAE* OF 
GRAPHOLITHA M OLESTA UNDER D IF FE R E N T  CONDITIONS

T e m p e ra tu re  
°  F .

R e la tiv e  H um id ity

100% 70% 35%
H ib e r­
na ting E g g s • No. No. No.

L a rv a e
and

P upae
K ept

and
L a rv a e
R e a re d

a t

A v­
e r ­
age

M ax­
i ­

m um

M in­
i ­

m u m

of
O b -
s e r -
v a -

A v­
e r ­
age

M ax­
i ­

m u m

ofM in - „  
O b -l—
s e r -m um v a -

A v -  M a x - M in­
e r -  i -  i— 
age m u m  m um

of
O b -
s e r —
y a -

a t tio n s tio n s tio n s

65 65 139 241 75 72 110 137 88 8 No m o th  e m e rg e d  f ro m  
h ib e rn a tin g  la rv a e

140 170 109 32**
75 75 87. 7 126 62 140 7 6 .6 104 63 15 74 85 67 8
85 85 None e n te r in g  d iap au se
85 75 None e n te r in g  d iap au se
85
65

65
85 132 .5 184 124 46

None
109 .5

e n te r in g  d iap au se  
1-© 76 4 No m o th  e m e rg e d  f ro m  

la rv a e  e n te r in g  d iap au se

65 75 162 179 113 18 130 160 110 17
No m o th  e m e rg e d  f ro m  
la rv a e  e n te r in g  d iap au se

* Total period more than sixty days
♦♦Hibernating larvae transferred, to room  tem.nera.ture and 100<&



TA B LE IX

PE R C E N T  EM ERG EN CE O F MOTHS O F GRAPHOLITHA M OLESTA
UNDER D IF F E R E N T  CONDITIONS

T e m p e ra tu re  
°  F .

H ib e r­
nating  

L a rv a e  
a n d /o r  
P upae

P e rc e n ta g e  of M oths E m e rg in g  f ro m  L a rv a e
in

E ggs
and

L a rv a e
R e a re d

S h o rt C ycle M edium  C ycle L ong C ycle

% R e la tiv e  H um id ity % R e la tiv e  H um id ity % R e la tiv e  H um id ity

K ept
a t

a t 100 70 35 100 70 35 100 70 35

65 65 2 8 .5 7 5 8 .33 100 7 .1 3 0 .0 0 .0 64 .3 4 1 .6 7

o
•

o

75 75 4 7 .1 4 6 0 .0 7 5 .0 2 .8 6 2 0 .0 17 .3 50. 0 20. 0 7 .7
85 85 100 9 7 .9 9 5 .7 4

o
•

o

2 . 1 4 .2 6

o
•

o

0 .0

o
•

o

85 75 8 1 .2 5 69 .1 0 .0 18 .75 3 0 .9 0 .0 0 .0 0 .0 0 .0
85 65 100 5 4 .5 100 0 .0 4 5 .5 0 .0 0 .0 0 .0 0 .0
65 85 6 2 .3 9 0 .5 100 0 .0 0 .0 0 .0 3 7 .7 9 .5 0 .0
65 75 47. 0 7 5 .0 100 0 .0 0 .0 0 .0 5 3 .0 2 5 .0 0 .0

O'
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The p e r io d  of d iap a u se  can  be d iv ided  in to  two c a te g o r ­

ie s ,  s h o r t  d iap a u se  fo r  a  p e r io d  of 31-60 days and  long d ia ­

p au se  fo r  a  d u ra tio n  of o v e r  60 d ay s . L a rv a e  belonging  to 

bo th  of th e se  c a te g o r ie s  w e re  found am ong th o se  r e a r e d  a t  

v a r io u s  c o n s ta n t te m p e ra tu re s  and  re la tiv e  h u m id itie s .

(a) S h o rt D iapause

(i) E ffe c t of te m p e r a tu re : L a rv a e  e n te r in g  s h o r t  d iap au se  w ere

found a t  c o n s ta n t te m p e ra tu re s  of 65°, 75° and  85° F . and  a t  

som e of the  v a r ia b le  te m p e ra tu re s  (T ab le  VII). The a v e ra g e

d u ra tio n  inc lud ing  pupal p e r io d  w as 39 day s a t  65° F . , 46. 7

o .
day s a t  75 F .  u n d e r 100% re la tiv e  h u m id ity  and  35 days a t

o
85 F .  u n d e r 70% re la t iv e  h u m id ity . The m ax im u m  a v e rag e  

w as of 53 days a t  75° F .  an d  4 4 .5  days a t  85° F .  The l a r g ­

e s t  n u m b e r of la rv a e  in  th is  c a te g o ry  w as found am ong those

o or e a r e d  a t  75 F .  and  th en  t r a n s f e r r e d  to  85 F .  d u rin g  the

o
cocoon  p e r io d . N ex t to th is  w as a  c o n s tan t te m p e ra tu re  of 75 

F .  p re v a ilin g  in  the egg and  la r v a l  s ta g e s , a s  w e ll a s  a f te r  

th ey  h ad  spun cocoons. A  la r v a l  te m p e ra tu re  of 65° F . fo l­

low ed by 85° F .  d u rin g  the cocoon  life  w as th ird  in  having

e Oquiiscent la rv a e .  L a rv a e  r e a r e d  a t  h igh  te m p e ra tu re s  of 75
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F . and  85° F . and  th en  t r a n s f e r r e d  to 65° F . did  no t e n te r  

in to  s h o r t  d iap a u se , ch ie fly  b e ca u se  they  w ent in to  long d ia ­

p a u se .

T h is  p e r io d  of s h o r t  d iap au se  a p p e a rs  to  be d iffe re n t 

f ro m  the  p e rio d  of q u ie sce n ce  w hich  is  induced  by low  te m ­

p e ra tu r e s  and e a s i ly  te rm in a te d  w hen the m a te r ia l  is  t r a n s ­

f e r r e d  to  a  h igh  te m p e ra tu re  a s  it  cam e  abou t even  a t  op tim um  

te m p e ra tu re s .  In f a c t  th e  la r g e s t  n u m b e r and  lo n g es t p e rio d

of " s h o r t  d ia p a u se "  w as in  the c a se  of la rv a e  r e a r e d  a t  the

o
o p tim u m  te m p e ra tu re  of 75 F . Som e even  h ib e rn a te d  a t  the 

r e la t iv e ly  h igh  te m p e ra tu re  of 85° F .  It cou ld  not have  been  

the  r e s u l t  of u n fav o ra b le  te m p e ra tu re  o r  h u m id ity  o r  even food, 

a s  the  sam e  k ind  of food  w as g iven  in  a l l  c a s e s .  It w ould not 

be due to the e ffe c t of lig h t a s  a l l  the m a te r ia l  w as r e a r e d  in  

d a rk n e s s  ex cep t fo r  the  tim e  of tak in g  d a ily  o b se rv a tio n s . T h is 

phenom enon  a p p e a rs  to  be b a se d  m o re  on g e n e tic a l f a c to r s  than  

any th ing  e ls e .

(ii) E ffe c t of h u m id ity : Cocooning la rv a e  w ere  kep t u n d er r e l ­

a tiv e  h u m id itie s  of 100% , 70% and 35% a t  v a r io u s  te m p e ra tu re s  

and  the  r e s u l ts  a r e  su m m a riz e d  in  T able  VII. The e ffec t of 

h u m id ity  on th is  a s p e c t  i s  r a th e r  d is t in c t .  A t a  co n stan t
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te m p e ra tu re  of 65° F .  no la rv a  e n te re d  s h o r t  d iap au se  u n d er

re la t iv e  h u m id itie s  of 70% and  35% , w h e re a s  a  few  did  behave

so  u n d e r s a tu ra te d  a tm o sp h e re . A t 75° F . the la r g e s t  n u m b er

b e ca m e  q u ie sc e n t w ith  a n  a v e ra g e  p e r io d  of 53 days u n d e r 35%

re la tiv e  h u m id ity ; the n u m b e r and  p e rio d  d e c re a s in g  w ith  the

r i s e  of h u m id ity . U nder 100% re la t iv e  hu m id ity  none e n te re d

o
s h o r t  d iap a u se  a t  85 F .  p re v a ilin g  in  the  la rv a l  a s  w ell a s  in 

the cocoon  p e r io d . A few , h o w ev er, w ent in to  d iapause  u n d er

d r i e r  co n d itio n s . A f a i r ly  la rg e  n u m b er of cocooning la rv a e

o oh e ld  a t  85 F .  w ith  feed in g  p e rio d  a t  75 F .  e n te re d  sh o r t

d iap au se  u n d e r m o re  m o is t  co n d itio n s , bu t fe w e r  u n d er 100% 

re la tiv e  h u m id ity  th an  u n d e r 70% . A low  h u m id ity  of 35% un­

d e r  the  sa m e  cond itions w as f a ta l  a s  out of 135 cocooned l a r -

o
vae  none e m e rg e d  a s  a  m o th . S e v e ra l cocooned  la rv a e  a t  85 

F . w ith  g row ing  p e r io d  a t  65° e n te re d  q u ie sce n ce  u n d er 70% . 

re la tiv e  h u m id ity ; none e n te re d  d iap au se  u n d e r 100% re la tiv e  

h u m id ity . O v er 98% d ied  w ithou t e m e rg in g  a s  m o th s  u n d er 

35% re la t iv e  h u m id ity . The d u ra tio n  of s h o r t  d iap au se  (fo r 

34 day s o r  so) of la rv a e  h e ld  a t  85° F .  w ith  grow ing p e rio d  

e i th e r  a t  75° o r  65° w as a lm o s t  the  sa m e . H ow ever, in  the 

l a t t e r  c a se  (grow ing p e r io d  a t  65° F . )  th e re  w ere  no h ib e rn a tin g



la rv a e  u n d e r 100% re la tiv e  hum id ity  a s  they  a l l  e m e rg e d  a s  

m o th s  w ith in  a  re a so n a b le  p e rio d . U nder th e se  s e t  of te m p e r ­

a tu r e  co n d itio n s th e re  w as a lm o s t com p lete  m o r ta l i ty  of co ­

cooned  la rv a e  a t  35% re la t iv e  h u m id ity .

F r o m  the above i t  could  be in fe r r e d  th a t th is  sp e c ie s  

m ay  o v e rc o m e  u n fav o rab le  cond itions b ro u g h t abou t by  low 

h u m id ity  by inducing  s h o r t  d iap au se  in  the p rep u p a l s tag e  even 

though the  p re v a ilin g  te m p e ra tu re  i s  op tim um ; u n le s s  the hu­

m id ity  i s  so  low  a s  to  be fa ta l  w hen p re v a ilin g  o v e r an  ex tended  

p e rio d .

(b) Long D iapause

In th is  c a te g o ry  a r e  in c lu d ed  a l l  th o se  la rv a e  in  cocoons 

w hich  e m e rg e d  a s  m o th s  a f te r  a  p e r io d  of a t  le a s t  s ix ty  days 

in  the p re s e n t  in v e s tig a tio n . It in c lu d es  the su b seq u en t pupal 

p e rio d  a s  the la rv a e  w ere  g e n e ra lly  no t d is tu rb e d  w hile in  co ­

coons. Som e of th e  p re v io u s  w o rk e rs  have  m en tio n ed  the l a r ­

v a l p e rio d  in  cocoon s e p a ra te ly  f ro m  th e  pupal p e rio d  e ith e r  

by d is tu rb in g  the  la rv a e  o r  by a  l im ite d  n u m b er of o b se rv a tio n s  

on m a te r ia l  kep t in  p a r t ly  t r a n s p a r e n t  c o rru g a te d  p a p e r . T h is 

w as no t c o n s id e re d  e s s e n t ia l  in  th e se  e x p e rim e n ts .
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(i) E ffe c t of te m p e r a tu re : The cocoon p e r io d  of the la rv a e  of

o r ie n ta l  f r u i t  m o th  u n d e r in s e c ta ry  cond itions had  b een  d e te r ­

m in ed  by s e v e ra l  w o rk e rs  a t  v a r io u s  p la c e s . S te a rn s  and 

P e te r s o n  (27) r e p o r te d  the  com bined  cocoon an d  pupal p e r io d  a s  

v a ry in g  f ro m  91 to  303 days w ith  an  a v e ra g e  of 248 days. 

P e te r s o n  and  H a e u s s le r  (20) a t  R iv e rto n , New  J e r s e y  found i t  

to  be 2 5 8 .8 5  days in  1925 and  2 5 2 .4 0  days in  1926, on an  a v ­

e ra g e . The m ax im u m  f ig u re s  fo r  the c o rre sp o n d in g  y e a rs  w ere  

306 days and  307 d a y s , and  the  m in im u m  131 days and  176 days. 

Snapp an d  Sw ingle (24) re c o rd e d  the a v e ra g e  h ib e rn a tio n  p e rio d  

includ ing  pupa l s tag e  a s  2 0 8 .4  d a y s , 189 .3  day s and  182 .5  days 

fo r  the  f if th , s ix th  and  sev en th  b ro o d  re s p e c tiv e ly . T h e ir  m a x ­

im u m  w as 278 days an d  a  m in im u m  of 135 d a y s . F ro m  th e se  

d a ta  i t  is  c le a r  th a t the  p e r io d  of d iap au se  of th is  m o th  v a r ie s  

c o n s id e ra b ly  u n d e r d if fe re n t cond itions and  se e m s  to  be in flu ­

en ced  by te m p e ra tu re .

The d a ta  on d iap au se  u n d e r v a r io u s  cond itions s tu d ied  

d u rin g  the  p ro g re s s  of the p re s e n t  w o rk  a r e  g iven  in  T ab les  

VIII and  IX. An e x am in a tio n  of th e se  ta b le s  show s th a t the 

la rv a e  w ent in to  d iap au se  a t  c o n s tan t te m p e ra tu re s  of 65 and 

75° F . ; and  u n d e r v a r ia b le  te m p e ra tu re s  w hen cocoons fo rm e d
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by la rv a e , g row n a t  75 and  85 F .  w ere  t r a n s f e r r e d  to 65° F . 

T he feed in g  la rv a e  a s  w ell a s  the cocooned ones and  pupae w ere  

k ep t in  to ta l  d a rk n e s s  e x ce p t fo r  sh o r t  d u ra tio n s  w hen th ey  w ere  

ta k e n  out fo r  e x am in a tio n  o r  the d o o rs  of the in c u b a to rs  and 

r e f r ig e r a to r s  w e re  opened  fo r  o th e r  o b se rv a tio n s . A t a  con­

s ta n t  te m p e ra tu re  of 65° F . , 6 4 .3 % , 41.67%  and  0 .0%  of the 

la rv a e  su c c e s s fu lly  co m p le ted  th e ir  d iap au se  u n d e r re la tiv e  

h u m id itie s  of 100, 70 and  35% . A t 75° F .  the c o rre sp o n d in g  

f ig u re s  w ere  50% , 20% , and  7 . 7 %.  U nder v a r ia b le  te m p e ra tu re s  

a t  65° F . , 3 7 .7 % ; 9 .5%  and  0 .0%  la rv a e  su c c e ss fu lly  com pleted  

h ib e rn a tio n  w hen th ey  had  b een  g row n a t  85° F .  a s  c o m p ared  

to  53% , 25% and  0 . 0% w hen r e a r e d  a t  75° F . u n d e r re la tiv e  

h u m id itie s  of 100, 70 and  35% re s p e c tiv e ly .

The m ax im u m  d u ra tio n  of d iap au se  includ ing  the pupal 

p e r io d  w as 241 day s a t  65° F .  ( la rv a e  g row n a t  65° F . ) ,  184 

days a t  65° F .  ( la rv a e  r e a r e d  a t  85° F . ) ,  162 days a t  65 F . 

( la rv a e  r e a r e d  a t  75° F . )  and  126 day s a t  75° F . ( la rv a e  re a re d  

a t  75° F . ) .  N one of the  la rv a e  e n te re d  d iap au se  w hen kep t a t 

85° F .  w h e th e r th ey  w e re  fe d  a t  85°, 75° o r  65 F .  T h is  

s im u la te s  sp r in g  and  m id s u m m e r  co n d itio n s. The p e r io d  of 

two m o n th s ' d iap a u se  a t  79° F . m en tio n ed  by D ickson  (5) a p p e a rs
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to  belong  to the  c a te g o ry  of " s h o r t  d iap au se . " The re la tiv e  

in fluence  of te m p e ra tu re s  p re v a ilin g  d u rin g  the feed ing  p e rio d  

and  the  cocoon  p e r io d  is  qu ite  c le a r  f ro m  the d a ta  g iven  above. 

E x ce p t fo r  th o se  la rv a e  k ep t p e rm a n e n tly  a t  65° F . , the  h ig h e r 

the te m p e ra tu re  f ro m  w hich  th ey  w ere  t r a n s f e r r e d  to 65° F . , 

the lo n g e r  the  d ia p a u se . T h is  is  in  a g re e m e n t w ith  the o b s e r ­

v a tio n s  in  o rc h a rd s .  L a rv a e  h ib e rn a tin g  e a r ly  in  fa ll  o r  su m ­

m e r  w hen the  te m p e ra tu re s  a r e  h igh  have a  lo n g er d iapause  

th an  th o se  h ib e rn a tin g  l a te r  in  the  se a so n .

D ickson  (5) s tu d ied  som e of the  f a c to r s  govern ing  the 

induction  of d iap au se  in  the o r ie n ta l  f r u i t  m o th . He p o stu la ted  

th a t d iap a u se  in  the la rv a e  of th is  m o th  'is  induced  by a  h o r ­

m one o r  h o rm o n e - lik e  su b s ta n c e  th a t is  p ro d u ced  by the la rv a  

d u rin g  the la rv a l  feed ing  p e rio d . He fu r th e r  concluded  th a t 

th is  h o rm o n e  is  p ro d u ced  by a  tw o -p h ase  re a c tio n , w hich r e ­

q u ire d  d a rk n e s s  fo r  one p h ase  and  lig h t fo r  the  o th e r  and  th a t 

the  ind u ctio n  of d iap au se  is  c o n tro lle d  by te m p e ra tu re  and  da ily  

e x p o su re  to  lig h t d u rin g  the la rv a l  feed in g  p e rio d . A cco rd ing  

to  h im  v e ry  few  la rv a e  g row n in  the  a b se n c e  of lig h t e n te re d  

d ia p a u se . The p re s e n t  o b se rv a tio n s  do no t su p p o rt h is  th eo ry , 

p a r t ic u la r ly  w ith  r e g a rd  to  the e ffe c t of lig h t. A s w ill be seen
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f ro m  T ab le  VIII and  r e p o r te d  above 64.3%  la rv a e  su c c e ss fu lly  

c o m p le te d  d iap au se  and  e m e rg e d  a s  m o th s , even  though they  

w e re  g row n  in  to ta l  d a rk n e s s  a t  65° F .  and  50% w hen r e a r e d  

a t  75° F .  and  kep t a t  the sam e  te m p e ra tu re  of 75°. L a rv a e  

r e a r e d  a t  75 and  85 and  k ep t a t  65 F .  a ls o  w ent in to  d ia ­

p au se  in  f a i r ly  la rg e  n u m b e rs , p a r t ic u la r ly  u n d er 100% r e l a ­

tive  h u m id ity . T he a c tu a l  n u m b e r of la rv a e  w hich w ent into 

d iap a u se  m u s t  be m uch  h ig h e r  th an  the n u m b er of m o th s e m e rg ­

ing f ro m  th e m  a s  th e re  w ould n a tu ra lly  be c o n s id e ra b le  m o r ­

ta l i ty  in  the  h ib e rn a tin g  s to ck .

The r e a l  c au se  w hich m a y  in it ia te  d iap au se  in  the o r i ­

e n ta l f r u i t  m o th  la rv a e  a p p e a rs  to  be in h e re n t and  m ay  to som e 

e x te n t be g o v e rn ed  by the  n a tu re  and  q u a lity  of food on w hich 

the  la rv a e  a r e  fed . D ickson  u se d  sm a ll  im m a tu re  ap p le s  to 

fe e d  the la rv a e , w h e re a s , in  the p re s e n t  in v es tig a tio n  they  w ere  

fed  on a lm o s t m a tu re  a p p le s  p ick ed  up in  A ugust and  s to re d  a t  

abou t 50° F .  u n til n eed ed . T h is  d iffe ren c e  in  food in  the two 

in v e s tig a tio n s , m a y  to som e e x te n t be re sp o n s ib le  fo r  som e of 

the co n flic tin g  r e s u l ts  o b ta in ed . L a rv a e  r e a r e d  du ring  A p ril, 

M ay and  Ju n e , 1951, on the  sam e  kind of a p p le s  s to re d  a t  about 

50° F .  did not e n te r  d iap au se  ex cep t v e ry  few  ind iv idua ls .
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Ise ly  (17) cou ld  no t find  any  re la tio n sh ip  be tw een  the t r a n s f o r ­

m a tio n  of the la rv a e  of codling  m o th , C a rp o ca p sa  p o m o n ella , 

an d  the  r e la tiv e  r ip e n e s s  of the  f ru i t  on w hich they  w e re  fed .

(ii) E ffe c t of h u m id ity : The re la tiv e  hum id ity  to w hich  the

h ib e rn a tin g  la rv a e  a r e  ex p o sed  se e m s  to have a  g re a t  in fluence 

on the e x te n t and  su c c e s s fu l  co m p le tio n  of d iap au se . The a c ­

tu a l n u m b er of la rv a e  going in to  d iap au se  w as not d e te rm in e d  

in  th e se  e x p e r im e n ts  a s  th ey  w e re  no t d is tu rb e d  in  the cocoons 

but the  p ro p o r tio n  is  b e liev e d  to  be f a i r ly  h igh . S qu ire  (25) 

r e p o r te d  th a t the d iap au se  in  the  la rv a e  of p ink  bo llw orm , 

P e c tin o p h o ra  g o ssy p ie lla  (S au n d .) depends upon the m o is tu re  

co n ten t of the  se e d s  in  w hich  th ey  fee d . hi the ca se  of the 

o r ie n ta l  f r u i t  m o th  the  q u e s tio n  of w a te r  con ten t of food is  r e l ­

a tiv e ly  u n im p o rta n t. An e x am in a tio n  of T ab le s  VIII and  IX 

show s th a t r e la t iv e  h u m id ity  a c ts  m o re  on the p rep u p a l and 

pupal s ta g e s . None of the  la rv a e  in  d iap au se  k ep t u n d e r 35%

o
h u m id ity  a t  any  te m p e ra tu re  w ith  the excep tion  of those  a t  75 

F . e m e rg e d  a s  m o th s . A t 75° F .  i t  w as only 7 .7%  e m e rg en c e . 

The h ib e rn a tio n  w as m o s t  su c c e s s fu l u n d e r 100% re la tiv e  hu­

m id ity  and  to  an  a p p re c ia b le  e x te n t u n d e r  70% re la tiv e  h um id ­

ity .



5. E m e rg e n c e  of M oths U nder D iffe re n t C ond itions

The p e rc e n ta g e  of m o th s  em e rg in g  f ro m  la rv a e  of d if­

f e r e n t  c y c le s  u n d e r v a r io u s  cond itions is  show n in  T ab le  IX.

The la rv a  of the  o r ie n ta l  f r u i t  m o th  a cc o rd in g  to the p re s e n t  

in v e s tig a tio n  can  be d iv ided  in to  the  fo llow ing c a te g o r ie s :

(a) S h o rt cyc le  la r v a e : T hose  la rv a e  w hich had  the p rep u p a l 

p lu s pupal p e r io d  le s s  th an  th irty - days u n d e r any  s e t  of con­

d itio n s  a r e  c a lle d  s h o r t  cy c le  o n es . T hey  pupated  soon a f te r  

sp inn ing  cocoons and  e m e rg e d  a s  m o th s .

(b) M edium  cycle  la r v a e : Included  in th is  c la s s  a r e  those  l a r ­

vae  w hich  had  the  p rep u p a l p lu s  pupal p e r io d  v a ry in g  f ro m  th ir ty  

one to  s ix ty  d a y s . A t the  end  of th is  p e rio d  they  e m e rg e d  a s  

m o th s .

(c) L ong cycle  l a r v a e : The long cyc le  la rv a e  w ere  th o se  w hich 

e n te re d  in to  a  d iap a u se  of o v e r s ix ty  days i r r e s p e c t iv e  of te m ­

p e ra tu re  and  h u m id ity . A t the  end of th is  p e rio d  th ey  em erg ed  

a s  m o th s  w ithou t be ing  t r a n s f e r r e d  to a n o th e r  s e t  of cond itions.

It m ay  be no ted  h o w ev er, th a t th e se  la rv a e  r e p re s e n t  

only  th o se  w hich  w e re  ab le  to com p lete  th e ir  life  cycle
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su c ce ss£ u lly  an d  f in a lly  e m e rg e d  a s  m o th s . The a c tu a l  n u m b er 

belong ing  to e ac h  c a te g o ry  m u s t  have been  l a r g e r ,  p a r t ic u la r ly  

u n d e r the  long cy c le  c la s s ,  of w hich m any  m ig h t have d ied  in  

the co co o n s.

T he d u ra tio n  of p e r io d  fo r  the  v a r io u s  c la s s e s  of la rv a e  

is  g iven  in  T a b le s  V, VII and  VIII and  ex p la in ed  in  e a r l ie r  

c h a p te r s .  The re la tiv e  p ro p o r tio n s  of th o se  w hich co m p le ted  

th e ir  life  c y c le s  a s  b a se d  on the  e m e rg e n c e  of m o th s  u n d er 

d if fe re n t co n d itio n s a r e  g iven  in  T ab le  IX.

(i) E ffe c t of te m p e r a tu re ; It m a y  be se e n  f ro m  T ab le  IX th a t

a t  a  c o n s tan t te m p e ra tu re  of 65° F .  and  75° F .  a l l  k inds of

o
la rv a e  w e re  found. A t a  c o n s tan t te m p e ra tu re  of 85 , la rv a e  

w ere  m o s tly  in  s h o r t  c y c le , som e in  m ed iu m  bu t none in  long 

cy c le , w h e th e r the  la rv a e  w e re  fed  a t  85 , 7 5  o r  65 F . b e ­

fo re  th ey  w e re  ex p o sed  to 85 F .  If the la rv a e  grow n a t 

e ith e r  75° o r  85° F .  w e re  kep t a t  65° F . d u rin g  th e ir  cocoon 

p e r io d  th ey  be longed  to  the c a te g o ry  of s h o r t  cycle  o r  to th a t 

of long cy c le  la rv a e  a s  none e m e rg e d  a s  m o th s  u n d e r the m e ­

d ium  cy c le .
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(ii) E ffe c t of h u m id ity : The e ffe c t of r e la t iv e  h u m id ity  on th is

a s p e c t  i s  w e ll m a rk e d . A low h u m id ity  of 35% , on the whole 

w as h igh ly  in ju r io u s  to  the  d ev e lopm en t and v ia b ility  of cocooned 

la rv a e .  T h e re  w as v e ry  l i t t le  e m e rg e n c e  in  ca se  the  la rv a e  

g row n  a t  65° o r  75° w e re  kep t a t  85° F .  u n d er 35% hum id ity . 

T h is  m e a n s  th a t in  a r e a s  w h ere  w ith  the r i s e  of te m p e ra tu re  

in  J u n e -J u ly  th e re  is  a  d ro p  in  r e la tiv e  h u m id ity , the cocooned 

la rv a e  w ill have v e ry  l i t t le  chance  to e m e rg e  a s  m o th s .

A t 65° F .  a l l  m o th s  w e re  f ro m  s h o r t  cycle  la rv a e  u n d er 

35% re la t iv e  h u m id ity , none w as f ro m  m ed iu m  o r  long cycle ; 

w h e re a s  u n d e r 100% re la tiv e  h u m id ity  28.57%  w ere  f ro m  sh o r t 

c y c le , 7 .1 3  f ro m  m ed iu m  and  6 4 .3  f ro m  long cycle  la rv a e . A t 

75° F .  an d  100 p e r  cen t r e la tiv e  h u m id ity  th e re  w ere  47. 14%, 

2 .86%  an d  50% m o th s  f ro m  s h o r t ,  m ed iu m  and long cycle  l a r ­

v a e , re s p e c t iv e ly , a s  c o m p a red  to  75% , 17.3%  and 7.7%  u n d er 

35 p e r  c en t h u m id ity ; 60% , 20% and  20% u n d e r 70 p e r  cen t 

r e la t iv e  h u m id ity , re s p e c tiv e ly . U nder the  v a r ia b le  te m p e ra tu re  

e x p e r im e n ts  (eggs and  la rv a e  g row n a t  75 and 85 and cocooned 

la rv a e  k ep t a t  65°) m o th s  w e re  e i th e r  f ro m  sh o r t  cycle  o r  long 

cy c le  la rv a e . None w e re  f ro m  m ed iu m  cycle  la rv a e . A t th ese

O  Q - O
te m p e ra tu re s  (65 F . fo r  cocooned  la rv a e  and  pupae, 85 o r



75 F . fo r  eggs and  grow ing  la rv a e )  if the  h u m id ity  w as low

a l l  m o th s  w e re  f ro m  s h o r t  cycle  la rv a e ,  none f ro m  the long

cy c le  o n e s . If the la rv a e  w ere  grow n a t  85° F .  and  kep t a t

65 F .  and  100 p e r  cen t re la tiv e  h u m id ity  th e re  w e re  62.3%

m o th s f ro m  s h o r t  cycle  and  37. 7% f ro m  long cycle  la rv a e ;

u n d e r 70 p e r  c en t h u m id ity  the  r a t io  w as 9 0 .5 :9 .5 .  In ca se

o
the la rv a e  w e re  r e a r e d  a t  75 F .  and  d u rin g  th e ir  cocoon 

p e rio d  w e re  ex p o sed  to 65° F . the  r a t io  of s h o r t  to long cycle  

w as 47:53 u n d e r 100 p e r  cen t re la t iv e  h u m id ity , a s  c o m p a red  

to  th a t of 75:25 u n d e r 70 p e r  cen t h u m id ity . U nder 35 p e r  cen t 

re la tiv e  h u m id ity  p ra c t ic a l ly  100 p e r  cen t e m e rg e d  a s  m o th s  in  

the  s h o r t  cyc le  s e r i e s  a t  m o s t  of the  te m p e ra tu re s .  In fa c t 

the  only ex cep tio n  w as a t  75° F . c o n s tan t. G e n e ra lly  th e re  

w as abou t h a lf  of the  e m e rg e n c e  f ro m  long cyc le  s e r ie s  if the 

re la tiv e  h u m id ity  had  b een  100%; abou t o n e - th ird  if i t  h ad  been  

70%; and  n il u n d e r 35% re la t iv e  h u m id ity  (excep t 7 .7%  a t  75° 

F . ) .  T h is  in d ic a te s  th a t in  a r e a s  w h e re  low  re la tiv e  hum id ity  

p re v a i ls  d u rin g  la te  su m m e r and  e a r ly  f a l l  the o r ie n ta l  f ru i t  

m o th  h as  a  s tro n g  tendency  to  e m e rg e  a s  m o th s  and  no t go 

in to  h ib e rn a tio n . U nder th e se  cond itions the p e s t  w ould r e ­

m a in  a c tiv e  fo r  a  lo n g e r p e rio d  and  co n seq u en tly  su ffe r  f ro m
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su b seq u e n t s e v e re  co ld  s p e l ls .  H ib e rn a tio n  of the  cocooned 

la rv a e  is  a b so lu te ly  e s s e n t ia l  fo r  the s u rv iv a l  of the o r ie n ta l  

f r u i t  m o th  in  te m p e ra te  re g io n s . If the  cond itions a r e  d ry  

v e ry  few  la rv a e  w ould e n te r  d iap au se  o r  com p lete  i t  s u c c e s s ­

fu lly . V e ry  few  m o th s  w ould e m e rg e  in  the fo llow ing sp rin g  

on the  r e tu r n  of fav o u ra b le  co n d itio n s . On the  o th e r  hand, su b ­

s ta n tia l ly  l a r g e r  n u m b er of la rv a e  e n te r  d iap au se  o r  com plete  

i t  su c c e s s fu lly  if  the  r e la tiv e  h u m id ity  to  w hich they  a r e  ex ­

p o sed  is  h igh  enough. T h is  e n s u re s  g r e a te r  su rv iv a l of th is  

sp e c ie s  in  re g io n s  w h e re  h igh  h u m id ity  p re v a i ls  in  la te  su m m e r 

and  fa l l .

T hus the p r e s e n t  g eo g rap h ic  d is tr ib u tio n  of the o r ie n ta l  

f r u i t  m o th  a p p e a rs  to  be la rg e ly  g o v ern ed  by the re la tiv e  h u ­

m id ity  p re v a ilin g  d u rin g  Ju ly  to  N o v em b er, the p e rio d  w hen 

la rv a e  e n te r  d ia p a u se . In hum id  a r e a s  the  p e s t  is  f a r  m o re  

s e r io u s  th an  in  the  d r i e r  re g io n s . T h is  d iffe ren c e  is  exp la ined  

by th e  in fluence  of r e la t iv e  h u m id ity  on the  su c c e ss fu l com ­

p le tio n  of d iap a u se ; h ig h e r  h u m id itie s  fav o u rin g  i t  and  lo w er 

h u m id itie s  a ffec tin g  i t  a d v e rs e ly , by b rea k in g  the  defense  of 

th is  in s e c t  a g a in s t  u n fav o u rab le  co n d itio n s.
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In the c a se  of cod ling  m o th , C a rp o c a p sa  p o m o n e lla , ho t 

an d  d ry  co n d itio n s a r e  c o n s id e re d  m o re  fa v o u ra b le . C u trig h t 

(4) h a s  r e p o r te d  f ro m  Ohio th a t in  ho t and  d ry  se a so n  in ju r ie s  

to  ap p le  by the la rv a e  of cod ling  m o th  a p p e a re d  e a r ly  and  in ­

c r e a s e d  ra p id ly  w hile in  a  coo l w et se a so n  i t  w as the r e v e r s e .  

T h e re fo re , bo th  sp e c ie s  a lthough  re s e m b lin g  each  o th e r  in s e v ­

e r a l  r e s p e c ts  m a y  no t n e c e s s a r i ly  be eq u a lly  s e r io u s  in  the 

sa m e  re g io n . If one is  m o re  abundan t in  an  a r e a  o r  in  a p a r ­

t ic u la r  s e a s o n  m o s t  lik e ly  the  o th e r  one m a y  not be so , and  

v ice  v e r s a .



V. TH E FECUNDITY O F GRAPHOLITHA MOLESTA 
UNDER D IF F E R E N T  CONDITIONS

The fecu n d ity  of G. m o le s ta  u n d e r  in s e c ta ry  and  n e a r  

o r c h a r d  cond itions  had  been  e x te n s iv e ly  s tu d ied  in  the p a s t  by 

s e v e r a l  w o r k e r s .  S te a rn s  and P e t e r s o n  (27) got an  a v e ra g e  of 

7, 23 an d  40 eggs p e r  fe m a le  fo r  the f i r s t ,  seco nd  and  th i rd  

b ro o d  m o th s  in  New J e r s e y .  In G e o rg ia  Snapp and  Swingle 

(24) found th a t  the a v e ra g e  n u m b e r  of eggs p e r  fe m a le  was 

1 1 .3 ,  6 .4 ,  *16 .9» 3 0 .5 ,  6 2 .9 ,  5 0 .0  and  66 .5  eggs; fo r  the sp r in g ,  

f i r s t ,  seco n d , th i rd ,  fo u r th ,  fif th  and  s ix th  b ro o d s  r e s p e c t iv e ly .  

A lden  an d  C la rk e  (2) r e p o r t e d  an  a v e ra g e  of 46. 09 eggs p e r  

f e m a le  w ith  a  m a x im u m  of 221 eggs a t  T h o m asto n , G eo rg ia .  

H aru kaw a  (12) got an  a v e ra g e  of 2 1 .9  to 6 6 .2  eggs p e r  fem a le  

in  d i f fe re n t  e x p e r im e n ts  in  Japan .

D u s ta n  (6) c a r r i e d  out so m e  e x p e r im e n ts  on the influ­

ence  of t e m p e r a tu r e  and  m o is tu r e  on the ad u lts  of o r ie n ta l  

f r u i t  m o th  in  T o ro n to ,  C anada . He found th a t  the fe m a le s  la id  

98% of the  d a ily  to ta l  of eggs du ring  the la te  a f te rn o o n , f ro m  

th r e e  h o u r s  b e fo re  to  one h o u r  a f t e r  su n se t .  The ho u r  of m a x ­

im u m  d e p o s i t io n  w as th a t  s t a r t in g  two h o u rs  be fo re  su n se t .  In



h is  e x p e r im e n ts  the  m o th s  co m p le te ly  s topped  egg lay ing  a s  

long a s  they  w ere  in to ta l  d a rk n e s s .  A hm ad  and  G hu lam ullah  

(1) found n o rm a l  ov ip o s itio n  in  s im i l a r  d a rk n e s s  by the m o th s  

of the  sp o tted  b o llw o rm  of co tton , E a r i a s  fab ia  (S to ll .) .  U nder 

m o r e  o r  l e s s  c o n tro l le d  t e m p e ra tu re  cond itions the da ta  fo r  

s e le c te d  m o th s  g iven  by D ustan  (6) w e re  4 eg g s , 135 eggs ,

114 egg s  p e r  fe m a le  a t  a  te m p e r a tu re  ran g e  of 94 .5  to 9 6 .3 °  

F . , 8 8 .8  to 9 0 .8 °  F .  and  79 .3  to 8 5 .4 °  F . ,  r e s p e c t iv e ly .  He 

d id no t m en t io n  the  n u m b er  of m o th s  l ib e r a te d  in eac h  b a t te ry  

j a r .  T h is  only show s th a t  som e  m o th s  did lay  eggs un der 

h igh  t e m p e r a tu r e s .  The p r e - im a g in a l  life  h i s to r y  of those  

m o th s  had  no t b een  given. In a n o th e r  s e t  of e x p e r im e n ts  he 

got a n  a v e ra g e  of 2 9 .3  eggs  p e r  f e m a le ,  fed  on m o is tu re  and 

l ib e r a te d  in  cag es  having  m o is t  sand  a t  the bo ttom , a s  co m ­

p a re d  7 .7  eggs p e r  fe m a le  in  the c ase  of unfed m o th s  kep t in 

d ry  c a g e s .  High h u m id ity  a t  the t im e  of ov iposition  i s  thus 

m o re  conducive f o r  egg lay ing  than  low hum id ity .  If th is  is  

t r u e  the m o th s  m a y  no t be ab le  to lay  th e i r  fu ll  quota of eggs 

on p lan ts  in a r e a s  in  w hich r e la t iv e  h um id ity  is  low, p a r t i c u ­

l a r l y  in  the a f te rn o o n  and  evening .



In the p r e s e n t  in v es tig a t io n  m o th s  e m e rg in g  f r o m  pupae 

kep t u n d e r  d if fe re n t  cond itions w ere  l ib e r a te d  in  s m a l l  cag es  

d e s c r ib e d  e a r l i e r .  In o r d e r  to p ro v id e  su i tab le  conditions f o r  

o v ip o s itio n  a n  a lm o s t  con tinuous supply  of p e ac h  se ed lin g s  was 

m a in ta in e d  in  the g re e n  house . P e a c h  sh oo ts  w ith  th e i r  lo w er  

en ds  i m m e r s e d  in  w a te r  in s m a l l  b o t t le s  w e re  supp lied  to the 

m o th s  fo r  egg lay ing  in s id e  the c a g e s .  The b o ttom  of the cag es  

w as p a r t ly  f i l le d  w ith  m o is t  sand . The g la s s  bo ttle  conta in ing  

p e a c h  shoo t w as c o v e re d  w ith c lo th  to p re v e n t  ov iposition  on it.

In the c a se  of th is  sp e c ie s  i t  w as  found e x t r e m e ly  d iff icu lt  to 

o b ta in  egg s  f r o m  ind iv idua l p a i r s  l ib e r a te d  in  th e se  cag es . Con­

se q u en tly  s e v e r a l  p a i r s  w e re  kep t to g e th e r  a t  v a r io u s  t e m p e r ­

a tu r e s .  M any t im e s  only a  s m a l l  n u m b e r  of m a le s  and fe m a le s  

would e m e rg e  f r o m  the sa m e  s to c k  on one day. In th e se  c a s e s  

m o th s  e m e rg in g  o v e r  a  p e r io d  of s e v e r a l  days  w e re  kep t to ­

g e th e r  in  the sa m e  cag e . A s a  r e s u l t  of th is  i t  w as not p o s ­

s ib le  to  d e te rm in e  the p re o v ip o s it io n ,  ov iposition  and the p os t  

o v ipos ition  p e r io d s  fo r  the  m o th s  o r  the  longevity  of the two 

s e x e s .  H ow ever a  r e c o r d  of the n u m b e r  of m a le s  and  fe m a le s ,  

added  o r  dying each  day w as m a in ta in e d .  The m o th s  w e re  fed  

on th in  su g a r  so lu tion  soaked  in  co tton  w ads.
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The o b se rv a t io n s  on the ov iposition  of m o th s  r e a r e d  and 

kep t  a t  c o n s tan t  t e m p e r a tu r e s  a r e  g iven  in  T ab le  X. The p r e -  

im a g in a l  a s  w ell  a s  the  im a g in a l  life  w as a lw ays in d a rk n e s s .

(i) E f fe c t  of t e m p e r a tu r e : It w ill  be se en  (T able  X) th a t  gen ­

e r a l ly  the f e m a le s  la id  v e ry  few  egg s . M any of th em  died 

w ithout lay ing  any  eg g s . W hether i t  w as due to d a rk n e s s  can  

not be s a id  d e fin i te ly  a s  the p ro v is io n  of ligh t in  som e c a se s

d id  no t im p ro v e  th e i r  r e c o r d  of ov iposition . The h ig h es t  a v -

o o
e ra g e  of 1 2 .7  eggs p e r  fe m a le  w as a t  75 F .  A t 85 F .  the

a v e ra g e  w as 9 .8  eggs when the  p re im a g in a l  life  had  been  a t

o o85 F . ,  11 .3  eggs if the l a rv a e  w e re  grow n a t  75 F .  and

0 .3  eg gs  if the grow ing p e r io d  of the l a rv a e  had  b een  a t  65°

o oF .  If the  p re im a g in a l  life  w as a t  65 and  im a g in a l  life a t  75

F .  the a v e ra g e  w as 7 .4 6  eg g s . U nder a  co n s tan t  te m p e ra tu re  

of 65° F .  th roughou t the e n t i r e  life  of m o th s  the m ax im u m  

a v e ra g e  w as 0 .5  eg gs . The op tim u m  te m p e r a tu re  fo r  egg 

lay ing  w as th e r e f o re  75° F .  c o n s tan t .  M oths a t  65 F .  f ro m  

cocoons a t  65° F . ,  bu t l a rv a e  g row n a t  75° o r  85° F .  la id  

v e ry  few  eg g s , the m a x im u m  a v e ra g e  w as 4 .3 .  T h is  s e t  is  

so m ew hat s im i l a r  to the m o th s  f ro m  o v e rw in te r in g  m a te r i a l .

The s p r in g  b ro o d  m o th s  a r e  known to lay  v e ry  few  eggs.



TA B LE X

THE FECUNDITY O F GRAPHOL IT HA M OLESTA UNDER D IF F E R E N T  CONDITIONS

A dults
a t

T e m p e ra tu re  
°  F .

Pupae
Kept

a t

E ggs
and

L a rv a e
R e a re d

a t

R e la tiv e  H um id ity  a t  W hich 
P u p ae  W ere  K ept

100% 70% 35%

A v erag e  
No. of 

E ggs  p e r  
F e m a le

No.
of

P a i r s

A v e rag e
No. of No° ' 

E g gs  p e r  pa°.r s  
F e m a le

A v e rag e  
No. of 

E g gs  p e r  
F e m a le

No.
of

P a i r s

65 65 65 0 .3 26 0 .5 24 0 .0 8
75 75 75 12 .7 48 8 .7 20 6 26
85 85 85 6 .2 40 9 .8 38 2 .2 27
85 85 65 0 .3 20

o
•

o
20 V e ry  few  m o th s

65 65 85

o
•

o

28 4 .3 16 0 14
85 85 75 11 .3 42 3 .4 28 No m o th s  e m e rg e d
65 65 75 0 .2 5 12 1 .0 24 0 .0 7
75 65 65 7. 46 13 — — — —

00



(ii) E f fe c t  of h u m id i ty : The e ffec t of low hum id ity  du rin g  the

cocoon  life  on the fecund ity  of m o th s  is  w e ll  p ro nounced  and  

is  c le a r ly  show n by the o b se rv a t io n s  s u m m a r iz e d  in T able  X. 

G e n e ra l ly  m a x im u m  ov ipo s ition  w as f ro m  m a t e r i a l  exp osed  to 

100% re la t iv e  hum id ity . The secon d  b e s t  w as  u n d e r  70% hu­

m id ity .  M oths e m e rg in g  f ro m  m a te r i a l  kept a t  35% hum id ity  

la id  v e ry  few  eggs and  in s e v e r a l  c a s e s  d id no t lay  any  eggs. 

A t so m e  s e t  of t e m p e r a tu r e s  no m o th  could e m e rg e  f ro m  pupae 

kep t a t  the low hu m id ity  t r i e d .  It is  th e r e f o re ,  ev iden t f ro m  

th e se  o b se rv a t io n s  th a t  low hum id ity  du ring  th e i r  cocoon p e r io d  

i s  in ju r io u s  to the  fecund ity  of m o th s .  In f a c t  m o th s  with l a r ­

v a l  life  a t  65° F . ,  75° F .  and  85° F .  w ith  cocoon and  adult 

life  a t  65° F .  did  no t lay  any  eggs if the re la t iv e  hum id ity  

d u r in g  the cocoon p e r io d  w as 35%. L ow  re la t iv e  hum id ity , 

th e r e f o r e ,  is  no t only  in ju r io u s  to the deve lo pm en t of th is  sp e ­

c ie s  b u t  is  a ls o  equally  o r  even  m o re  h a rm fu l  to the egg-lay ing  

c a p a c i ty  of the m o th s .

(iii) E x p e r im e n ts  a t  ro o m  t e m p e r a t u r e : In add ition  to e x p e r i ­

m e n ts  a t  c o n s tan t  t e m p e r a tu r e s  and  h u m id i t ie s  m o ths  em erg in g  

f r o m  m a t e r i a l  grow n a t  an  o rd in a ry  ro o m  te m p e r a tu re  of 70-80 

F .  w e re  l ib e r a te d  in  l a r g e r  cag es  of 10" x  10" x 8" s iz e ,  kept
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o v e r  m o is t  san d  in  e n a m e l  t r a y s .  The eggs  la id  by th ese  

m o th s  w e re  counted  e v e ry  day. The ov ipo s itio n  of th e s e  m o th s  

i s  r e c o rd e d  in Table  XI. Tw elve p a i r s  w hich e m e rg e d  du rin g  

M ay, 1950, f r o m  o v e rw in te r in g  la rv a e  la id  a  to ta l  of five eggs 

only . D uring  Ju ly  and  1-15 A ugust, 1950, m o th s  e m e rg in g  

f r o m  la rv a e  c o llec ted  f r o m  p each  shoo ts  in the o r c h a rd  la id  

42. 0 an d  48. 6 eggs on an  a v e ra g e  p e r  fe m a le  r e s p e c t iv e ly .

The h ig h e s t  a v e ra g e  of 7 4 .5  eggs p e r  fem a le  b a se d  on o b s e rv a ­

t io n s  of 105 p a i r s  r e a r e d  on a p p le s  w as ob ta ined  during  the 

p e r io d  S e p tem b er  24th to O c to b e r  15th, 1950. D uring  the l a s t  

two w eeks of O c to ber ,  1950, the a v e ra g e  d ro pped  to 37 eggs 

p e r  fe m a le ,  a lthough  the l a rv a e  in th is  p e r io d  w ere  a lso  fed  

on the  sa m e  v a r ie ty  of a p p le s  a s  those  of the  p rev io u s  p e riod . 

D uring  N o v e m b er ,  1950, and  J a n u a ry ,  1951, th e r e  w ere  9 .4  

and  9 .2  eggs p e r  p a i r  r e s p e c t iv e ly .  In F e b r u a r y ,  1951, the 

a v e ra g e  w as lo w es t ,  i . e . ,  3 .3  eggs p e r  fe m a le .  T h is  m a y  be 

due to the f a c t  th a t  the m o th s  had  e m e rg e d  f r o m  ov erw in te r in g  

m a t e r i a l .  T he a v e ra g e  in c r e a s e d  to 9 .6  in  M arch , 9 .3  in 

A p r i l ,  5 7 .1  eggs in  May and  6 5 .4  in June , 1951.

The follow ing f a c to r s  m ig h t  have been  re sp o n s ib le  fo r  

inducing g r e a t e r  ov iposition  u n d e r  l a b o ra to ry  conditions:



TA BLE XI

THE FECUNDITY OF GRAPHQLITHA MOLESTA MOTHS 
A T ROOM T E M PE R A T U R E  (7 0-80°  F . )

P e r io d
No.
of

P a i r s

T o ta l
No.
of

E ggs

A v e rag e  
No. of 
E ggs 
p e r  

F e m a le

Source  of 
M a te r ia l

M ay, 1950 12 5 0 .4 O v erw in te r in g  la rv a e

Ju ly , 1950 30 1260 42. 0 L a rv a e  f ro m  peach  
shoots

A u g u s t  (1-15), 
1950

24 1166 4 8 .6
L a rv a e  f ro m  peach  
shoots

A u g u s t  (16-31), 
1950 35 1630 4 6 .6

L a rv a e  r e a r e d  on Jo n ­
a th an  ap p le s  s to re d  a t  
abou t 50° F .

S e p te m b e r  
(1 -7 ) , 1950

14 462 33 Sam e a s  above

S e p te m b e r  
(8 -15), 1950

54 1885 35 Sam e a s  above

S e p te m b e r  
(16-30), 1950

50 2210 44 Sam e a s  above

Sept. 24 to 
O ct. 15, 1950

105 7827 74 .5 Sam e a s  above

O c to b er  
(16-31), 1950

50 1847 3 7 .0 Sam e a s  above

N o v e m b e r ,  1950 16 150 9 .4 Sam e a s  above

J a n u a ry ,  1951 17 156 9 .2 Sam e a s  above

F e b r u a r y ,  1951 21 70 3 .3 Sam e a s  above

M a rc h ,  1951 44 424 9 .6 Sam e a s  above

A p r i l ,  1951 34 316 9 .3 Sam e a s  above

M ay, 1951 40 2284 57 .1 Sam e a s  above

June (1-15), 
1951

36 2355 6 5 .4 Sam e a s  above
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(a) E f fe c t  of wide f lu c tu a t io n  in  t e m p e ra tu re .

(b) L a rg e  s iz e  of the c a g e s .

(c) M o re  n u m b e r  of m o th s  in  e a c h  cage .

(d) P r e s e n c e  of l ig h t  in  the ro o m  during  the day.

(e) The re la t iv e  leng th  of day  and  n ight in  d if fe ren t  m on th s .

T h e re  w as wide f lu c tu a t io n  in  the a v e ra g e  fo r  d if fe ren t  

p e r io d s  du ring  the y e a r  even  in  the l a b o ra to ry  w here  conditions 

w e re  a lm o s t  s im i l a r  th roughou t. It is  im p o ss ib le  to po s tu la te  

the  r e a l  c au se  o r  c a u se s  w ithout f u r th e r  in v es tig a t io n  of th is  

a s p e c t .  It m a y  be th a t  su c c e s s iv e  g e n e ra t io n s  lay  va ry in g  

n u m b e r  of eggs w hich m a y  be c o n tro l le d  (am ong o th e r  things) 

by g e n e t ic a l  f a c to r s .



VI. M ETEOROLOGICAL DATA AND INCIDENCE OF 
THE ORIENTAL FR U IT  MOTH

M e te o ro lo g ic a l  d a ta  f o r  the y e a r s  1948 to 1950 f o r  th re e  

p la c e s  r e p re s e n t in g  in land  p e a c h  grow ing a r e a s  of the U nited 

S ta te s  of A m e r ic a  a r e  g iven  in  T a b le s  XII-XIV, XVIII-XX, 

XXIII-XXV and  shown g ra p h ic a l ly  in  F ig u r e s  14-31. T h ese  

p la c e s  a r e :  C o lum bus , Ohio (L atitude  39°58 ' N. L ongitude

83° W. E le v a t io n  724 fee t) ;  G ra n d  Junc tion , C o lo rado  (L atitude  

39°06* N. L ong itude  108°32’ W. E le v a t io n  4 ,8 4 9  fee t);  and  L a n ­

s ing , M ich igan  (L atitude  42°47 ' N. L ong itude  84°36* W. E le v a ­

tion  859 fee t) .  The da ta  fo r  the above p la c e s  i s  co m p a red  

w ith  th o se  of P a r a c h in a r  (L atitude  3 3 .8 °  N. Longitude  7 0 .1 °

E .  E le v a t io n  5 ,7 8 4  fee t) ,  Q uetta  (L a titude  3 0 .3 °  N. Longitude 

67° E . E le v a t io n  5 ,5 0 8  fee t)  and  P e s h a w a r  (L atitude  34° N. 

Long itude  7 1 .5 °  E . E le v a t io n  1 ,149  fee t) .  T h ese  a r e  g iven  

in  T a b le s  XV to XVII, XXI, XXII, XXVI to XXVIII and  i l lu s ­

t r a t e d  by g ra p h s  in  F ig u r e s  14-31.

It w ill  be se e n  f r o m  the  above m en tio n ed  ta b le s  and 

f ig u r e s  th a t  the m e a n  m a x im u m  te m p e r a tu re  fo r  June to  A ugust, 

1950, w as  8 0 .5 °  to  8 3 .4 °  F .  a t  C olum bus; 8 6 .8 °  to 8 8 .4  F .
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TA BLE X II

M ETEO ROLOGICAL DATA F O R  COLUMBUS, OHIO
FO R  TH E Y EAR 1950

M onth

T e m p e ra tu re  °  F .

R a in ­
fa l l
in

Inches

% R e l­
a tiv e  

H um id­
ity a t  
7:30 

a .  m .

A v e rag e

H ighestD aily
M ax­

im u m

D aily
M in­

im u m
M onthly

Ja n . 48 .8 32. 1 4 0 .4 74 6 .8 6 82

F e b . 41 • 1 2 6 .0 33. 6 65 3 .2 2 82

M a r . 46 .5 2 8 .5 3 7 .5 80 1.31 77

A p r . 5 5 .8 37. 1 4 6 .4 75 3 .8 0 75

M ay 74 .5 54 .3 6 4 .4 87 1.15 82

June 80 .5 60 .2 7 0 .4 94 1.95 83

Ju ly 8 3 .4 64 .3 73 .9 89 2 .9 6 85

Aug. 81 .9 62 .3 72.1 94 3 .5 2 85

Septv 74 .7 57 .3 66 .0 88 2 .3 1 90

O ct. 69. 6 5 0 .2 59 .9 83 1 .58 89

Nov. 45 .3 3 0 .9 38.1 80 4 .92 84

D ec. 34 1 9 .4 2 6 .7 57 3 .0 4 84
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T A B LE XIII

M ETEO ROLOGICAL DATA F O R  GRAND JUNCTION,
COLORADO F O R  TH E YEAR 1950

Month
D aily
M ax­

im u m

T e m p e r a tu r e  F .

A v e rag e

D aily
M in­

im u m
M onthly

R ain ­
fa l l

H ig h es t  J " e s

% R e l­
a tive  

H um id­
ity  a t  
5:30 

a . m .

Jan . 33. 6 12. 6 23. 1 48 1.40 81

F e b . 4 4 .4 24 .2 34. 3 65 0 .4 7 75

M a r . 5 3 .0 29 .5 41 .3 68 0 .42 61

A p r . 66. 3 38. 9 52. 6 82 0 .5 4 50

M ay 72. 6 4 5 .5 59. 1 86 0 .4 6 47

June 8 6 .8 5 4 :7 70 .8 95 0 .01 30

Ju ly 8 8 .4 6 1 .4 7 4 .9 97 1.00 52

Aug. 8 8 .3 59 .1 73. 7 96 0.21 40

Sept. 7 8 .3 5 4 .0 6 6 .2 97 1.05 57

Oct. 7 5 .7 45 .7 6 0 .7 83 T r a c e s 35

Nov. 5 3 .3 2 9 .8 41. 6 69 0 .32 56

D ec. 4 5 .6 25. 1 3 5 .4 53 0.30 72
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TA B LE XIV

M ETEO ROLOGICAL DATA F O R  LANSING, MICHIGAN
FO R  TH E YEAR 1950

M onth
Daily-
M ax­

im u m

T e m p e r a tu r e  F .

A v e rag e

D aily
M in­

im u m
M onthly

R a in ­
fa l l

H l*h e s t  Inches

% R e l­
a tive  

H um id­
ity a t  
7:30 

a .  m .

Ja n . 3 8 .9 2 0 .7 2 9 .8 65 3 .61 83

F e b . 3 0 .8 16 .8 2 3 .8 41 3 .3 4 84

M a r . 3 5 .8 20. 6 2 8 .2 60 2 .3 9 80

A p r . 4 8 .2 3 1 .3 3 9 .8 67 4 .5 3 81

M ay 70 .2 45. 6 57 .9 86 1 .96 74

June 7 6 .2 55 .8 66. 0 89 4 .71 78

Ju ly 80 .5 5 6 .8 6 8 .7 90 4 .3 4 82

Aug. 77 .9 56 .1 67 .0 89 2 .4 5 85

Sept. 69. 6 5 0 .7 6 0 .2 81 3 .0 2 91

O ct. 63 .5 4 5 .0 5 4 .3 81 1.22 88

Nov. 4 0 .8 2 7 .1 34 .0 79 2 .9 7 83

D ec. 2 8 .8 16.3 2 2 .6 49 1 .97 84
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TA B LE XV

M ETEO ROLOGICAL DATA FO R  PARACHINAR, PAKISTAN
F O R  TH E YEAR 1950

Month
D aily
M ax­

im u m

T e m p e r a tu r e  F .

A v e rag e

D aily
M in­

im u m
M onthly

H ighest

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H um id­
i ty  a t  
8:00 
a . m .

Ja n . 4 9 .8 2 8 .6 3 9 .2 68 2 .03 69

F e b . 5 1 .8 3 1 .3 4 1 .5 78 2 .6 3 68

M a r . 5 9 .8 38. 6 4 9 .2 81 4 .3 4 60

A p r . 68. 7 46 .9 57. 8 87 4 .03 58

M ay 79 .5 55. 6 67 .5 100 2.31 46

June 87. 7 6 3 .7 7 5 .7 101 2 .0 0 43

Ju ly 87 .1 6 6 .4 76. 7 102 3 .5 2 60

Aug. 84. 7 6 4 .8 7 4 .7 95 3 .7 0 67

Sept. 8 1 .2 5 8 .6 7 0 .0 92 2 .11 56

O ct. 74 .2 4 8 .7 61 .5 88 0 .9 5 45

Nov. 6 4 .7 39 .3 5 2 .0 81 0 .40 48

D ec. 5 4 .8 3 2 .5 43. 6 73 1.23 63
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T A B LE XVI

M ETEO ROLOGICAL DATA F O R  Q U ETTA , PAKISTAN
FO R  TH E YEAR 1950

M onth
D aily
M ax­

im u m

T e m p e ra tu r e  F .

A v e rag e

D aily
M in­

im u m
M onthly

H ig hes t

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H um id ­
i ty  a t  
8:00 
a .  m .

Ja n . 5 0 .2 2 7 .6 3 8 .9 78 1 .9 4 78

F e b . 5 3 .6 3 0 .8 4 2 .2 80 1.98 75

M a r . 63. 6 38 .3 51 84 1 .7 4 67

A p r . 7 4 .0 45 .8 60 91 0 .98 63

M ay 8 3 .8 5 1 .9 67 .8 98 0 .39 54

June 9 1 .6 5 8 .7 75.1 103 0 .1 7 54

Ju ly 9 4 .0 65 .0 7 9 .5 103 0 .46 61

Aug. 9 2 .2 61 .6 76 .9 103 0 .33 56

Sept. 8 6 .2 4 9 .7 67 .9 97 0 .0 4 52

O ct. 7 5 .7 38 .9 57 .3 91 0 .12 49

Nov. 6 5 .4 32 .1 4 8 .7 81 0 .28 55

D ec. 55 .5 2 8 .5 4 2 .0 76 1.01 73
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TA B LE XVII

M ETEO ROLOGICAL DATA FO R  PESHAW AR, PAKISTAN
F O R  THE YEAR 1950

M onth
Daily-
M ax­

im u m

T e m p e ra tu r e  F .

Ave rag e

D aily
Min­
im u m

M onthly
H ighes t

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H u m id ­
ity  a t  
8:00 

a .  m .

Ja n . 63 4 0 .4 5 1 .7 77 1 .4 4 71

F e b . 66. 2 44 55 .1 86 1.53 76

M a r . 7 4 .8 5 2 .4 63. 6 99 2 .4 4 69

A p r . 85. 2 6 0 .5 7 2 .8 108 1 .76 56

M ay 9 7 .0 7 0 .4 83 .7 118 0 .7 7 36

June 105.0 7 7 .2 91 .1 120 0.31 36

Ju ly 102.5 80 .2 91 .3 122 1 .26 58

Aug. 98 .2 78 .9 88 .5 118 2 .03 67

Sept. 9 5 .0 71 .8 8 3 .4 110 0 .81 60

O ct. 8 7 .8 60 .5 74 .1 101 0.23 52

Nov* 76. 8 4 8 .9 6 2 .8 91 0.31 53

D ec. 66. 7 4 0 .9 5 3 .8 83 0. 67 65
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TA B LE XVIII

M ETEO ROLOGICAL DATA FO R  COLUMBUS, OHIO
FO R  THE YEAR 1949

Month
Daily-
M ax­

im u m

T e m p e r a tu r e  F .

A v e rag e

D aily
M in -

irrum
Monthly

R a in ­
fa l l  
in

Hi*h e s t  Inches

% R e l -  
a tive  

H um id­
ity  a t  
7:30 
a . m .

Jan . 44 .1 3 0 .8 3 7 .4 63 6 .7 4 84

F e b . 4 6 .4 2 9 .5 3 8 .0 64 2 .53 79

M a r . 5 0 .4 33. 7 42 .0 76 3.03 81

A p r . 59 .7 4 1 .6 5 0 .6 78 2 .8 4 79

May 7 5 .9 5 3 .4 64. 6 92 2 .0 5 79

June 8 5 .9 66 .1 76. 0 94 4. 47 82

Ju ly 8 8 .9 69 .7 79 .3 96 3 .2 4 86

Aug. 8 4 .9 66. 0 7 5 .4 94 2 .3 7 88

Sept. 7 2 .0 5 2 .6 62 .3 84 2 .8 6 89

Oct. 7 0 .4 5 1 .4 6 0 .9 86 1.31 86

Nov. 5 1 .4 3 6 .2 4 3 .8 73 1.21 80

D ec. 45. 2 29 .0 37 .1 64 2 .3 7 81
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TA B LE XIX

M ETEO ROLOGICAL DATA F O R  GRAND JUNCTION,
COLORADO F O R  THE YEAR 1947

Month
Daily-
M ax­

im u m

T e m p e r a tu r e  F .

A v e rag e

D aily
M in­
im u m

M onthly

R ain ­
fa l l

H ighe3t Inches

% R e l­
a tive  

H um id­
ity  a t  
5:30 
a .  m .

Jan . 3 4 .6 9 .5 22 48 0 .4 0 82

F e b . 47. 4 2 4 .5 36 58 0.11 79

M a r . 5 6 .8 31 .5 4 4 .2 70 0 .60 67

A p r . 6 3 .9 38. 0 51 78 0 .5 9 61

M ay 7 9 .0 4 9 .6 6 4 .3 93 0 .41 50

June 8 0 .6 52. 6 66 .6 94 1.38 56

Ju ly 9 3 .7 63 .2 7 8 .4 101 0 .0 9 51

Aug. 8 7 .0 61 .1 74 .0 99 1 .27 65

Sept. 84 .3 5 5 .6 70 .0 94 0 .2 6 49

Oct. 6 8 .5 4 4 .5 5 6 .5 86 1 .98 68

Nov. 4 4 .0 2 5 .0 3 4 .5 69 0 .6 9 78

D ec. 3 7 .9 19 .3 2 8 .6 49 0 .4 9 88
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TA B LE XX

M ETEO RO LO G ICA L DATA FO R  LANSING, MICHIGAN
F O R  THE YEAR 1949

M onth
D aily
M ax­

im u m

T e m p e ra tu r e

A v e ra g e

D aily
M in -  M onthly

im u m

H igh es t

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H um id­
ity  a t  
7:30 

a .  m .

Ja n . 35. 6 2 0 .6 28 .1 55 3 .4 8 84

F e b . 34. 6 20. 1 27. 4 53 2 .4 7 81

M a r . 4 2 .1 2 5 .6 3 3 .8 71 2.61 81

A p r . 5 7 .4 35 .1 46 .2  . 76 1 .87 78

M ay 71. 6 4 7 .4 59 .5 89 2 .3 5 72

June 8 2 .5 6 0 .8 71. 7 91 4 .8 9 80

Ju ly 8 4 .8 63. 4 74. 1 96 4 .7 8 83

Aug. 8 1 .8 5 8 .7 70 .2 93 1.61 88

Sept. 67 .1 4 7 .3 5 7 .2 85 1.91 83

O ct. 6 5 .5 4 4 .3 54 .9 84 2 .3 5 86

Nov. 4 2 .9 2 9 .0 3 6 .0 67 1.60 85

D ec. 3 8 .4 2 3 .8 31 .1 62 4 .7 0 83
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TA BLE XXI

M ETEO ROLOGICAL DATA FO R  PARACHINAR, PAKISTAN
FO R  THE YEAR 1949

M onth
D aily
M ax­

im u m

T e m p e r a tu r e  F .

A v e rag e

D aily
M in­

im u m
M onthly

H ig hes t

R a in ­
fa l l
in

Inches

% R e l­
a tiv e  

H um id­
ity  a t  
8:00 

a .  m .

Ja n . 5 1 .9 2 8 .5 3 5 .2 64 0 .8 5 74

F e b . 4 7 .3 3 0 .8 39 63 3 .2 9 76

M a r . 5 9 .9 3 9 .8 4 9 .8 78 7 .1 9 60

A p r . 7 5 .6 52 .3 64 87 2 .2 4 46

May 8 5 .2 61 .3 7 3 .2 92 2 .9 9 47

June 8 3 .0 6 1 .0 72 91 0 .83 40

Ju ly 87. 6 67. 6 77. 6 99 4 .0 6 66

Aug. 8 2 .9 63. 6 7 3 .2 88 4.21 75

Sept. 84 .1 62 .8 7 3 .5 90 1.51 60

O ct. 7 3 .8 4 8 .9 6 1 .4 83 0 .01 43

Nov. 6 2 .3 . 3 7 .5 5 0 .0 71 0 .0 8 37

D ec. 5 5 .5 32. 6 44 66 0.61 71
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TA B LE XXII

M ETEO RO LO G ICA L DATA F O R  PESHAW AR, PAKISTAN
FO R  THE YEAR 1949

M onth

T e m p e r a tu r e

Ave rag e

D aily  D aily  
M a x -  M in­

im u m  imim
M onthly

H ighes t

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H um id­
ity  a t  
8:00 
a . m .

Ja n . 6 2 .9 4 0 .8 5 1 .8 73 2 .0 4 81

F e b . 6 4 .4 4 2 .7 5 3 .5 75 0 .6 9 75

M a r . 7 2 .8 52. 3 6 2 .5 87 2 .8 2 71

A p r . 89 .1 6 3 .0 7 6 .0 102 1 .2 4 60

M ay 100.7 7 3 .5 87 .1 108 0 .5 6 43

June 9 9 .5 74. 6 8 7 .0 109 0 .4 7 39

Ju ly 9 9 .7 8 0 .0 8 9 .8 110 0 .15 70

Aug. 9 7 .2 77. 6 8 7 .4  . 103 0 .3 9 56

Sept. 97. 7 7 5 .4 8 6 .5 103 0 .2 7 65

O ct. 8 5 .7 5 9 .7 72 .7 93 • - 53

Nov. 7 5 .9 4 5 .5 6 0 .7 85 - 42

D ec. 6 7 .3 3 8 .5 5 2 .9 76 0 .0 7 50



1 0 1

TA BLE XXIII

M ETEO ROLOGICAL DATA FO R  COLUMBUS, OHIO
FO R  THE YEAR 1948

M onth
D aily
M ax­

im u m

T e m p e ra tu re  F .

A v e rag e

D aily  H ig hes t
M in -  M onthly

im u m

R ain ­
fa l l
in

Inches

% R e l­
a tive  

H um id­
ity  a t  
7:30 

a .  m .

Jan . 2 9 .7 14 .7 2 2 .2 58 2 .1 6 87

F e b . 4 1 .2 2 4 .0 32. 6 66 2. 75 85

M a r . 5 3 .7 34. 6 4 4 .2 77 3 .8 6 81

A p r . 66 4 5 .9 5 6 .0 89 4 .3 9 81

M ay 71 .1 5 1 .0 61 .0 87 3 .3 4 80

June 83 .1 61 .7 72; 4 95 3 .9 4 81

Ju ly 8 6 .6 6 7 .4 7 7 .0 94 5 .25 85

Aug. 8 5 .4 6 3 .4 7 4 .4 100 2 .31 87

Sept. 7 9 .3 58 .5 6 8 .9 92 2 .2 5 86

O ct. 6 1 .7 4 3 .6 52. 6 75 1 .98 88

Nov. 55 .2 4 0 .7 4 8 .0 71 3 .9 9 88

D ec. 4 3 .5 29 .5 3 6 .5 65 2 .2 4 85
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TA B LE XXIV

M ETEO ROLOGICAL DATA FO R  GRAND JUNCTION,
COLORADO FO R  THE YEAR 1948

M onth

T e m p e r a tu r e  °  F .

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H um id ­
ity  a t  
5:30 

a .  m .

A v e rag e

H ighestD aily
M ax­

im u m

D aily
M in­

im u m
Monthly

Ja n . 36. 2 14 .7 2 5 .4 48 0 .5 0 84

F e b . 4 0 .8 19. 6 30 .2 54 1.56 84

M a r . 4 5 .6 25 .3 35. 4 65 1 .5 4 76

A p r . 65 .9 3 9 .8 5 2 .8 84 0 .4 8 56

M ay 78.1 4 9 .4 63 .8 92 0 .2 2 41

June 84 .3 5 5 .4 69 .8 94 0 .6 4 54

Ju ly 9 3 .4 6 0 .8 77 .1 98 0 .8 6 50

Aug. 8 9 .2 5 9 .5 7 4 .4 97 1 .78 59

Sept. 8 4 .7 5 4 .4 69. 6 97 0 .6 4 51

O ct. 6 9 .2 3 9 .4 54 .3 83 0 .5 7 55

Nov. 4 2 .7 2 2 .3 32 .5 62 0 .7 0 79

Dec. 3 8 .4 18 .3 2 8 .4 57 0 .70 77
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T A B LE XXV

M ETEO ROLOGICAL DATA F O R  LANSING, MICHIGAN
FO R  THE YEAR 1948

Month

T e m p e ra tu r e  °  F .

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H um id ­
ity  a t  
7:30 

a .  m .

A v erag e

H ig hes tD aily
M ax­

im u m

D aily  
M in -  ’ 

im u m
M onthly

Jan . 2 4 .2 9 .3 16 .8 39 1 .52 84

F e b . 31 .3 14 .7 2 3 .0 50 2 .0 3 84

M a r . 42. 7 23. 6 3 3 .2 64 5 .21 82

A p r . 60 .9 3 9 .8 5 0 .4 82 2 .5 2 75

May 6 4 .7 4 3 .7 5 4 .2 81 5 .3 5 75

June 7 5 .0 5 4 .7 6 4 .8 86 4 .4 4 79

Ju ly 83. 6 60 .8 72 .2 92 1 .65 81

Aug. 83 .1 5 8 .5 7 0 .8 98 1.86 85

Sept. 76 .7 53. 6 65 .2 89 1.62 86

Oct. 5 8 .5 3 7 .9 4 8 .2 75 1 .01 87

Nov. 49 .1 3 6 .7 4 2 .9 66 2 .4 9 85

D ec. 35. 1 22 .3 28. 7 57 2 .23 86
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TA BLE XXVI

M ETEO ROLOGICAL DATA FO R  PARACHINAR, PAKISTAN
FO R  THE YEAR 1948

M onth

T e m p e r a tu r e  F .

A v e rag e

D aily  D aily  
M a x -  M in­

im u m  im u m
M onthly

H ighest

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H um id­
ity  a t  
8:00 

a .  m .

Jan . 5 3 .4 32 .1 42. 7 60 0 .53 66

F e b . 5 3 .0 3 2 .4 4 2 .7 61 2 .5 0 77

M a r . 5 8 .6 3 8 .6 4 8 .6 67 4. 48 70

A p r . 70 .1 5 0 .3 60 .2 84 2 .93 63

M ay 8 4 .8 56 .5 70 .6 92 1 .29 37

June 85 .0 . 7 5 .7 8 0 .4 93 1 .92 49

Ju ly 8 8 .5 6 7 .2 7 7 .8 97 1 .65 64

Aug. 8 4 .2 6 5 .5 7 9 .8 89 3 .6 4 80

Sept. 8 3 .7 6 1 .2 7 2 .5 89 1 .15 61

O ct. 7 6 .9 45 .1 6 1 .0 84 0 .1 2 45

Nov. 6 5 .2 3 8 .9 5 2 .0 70 - 40

D ec. 5 1 .7 3 3 .0 4 2 .4 66 4. 62 71
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T A B L E  XXVII

M ETEO RO LO G ICA L DATA F O R  Q U ETTA , PAKISTAN
FO R  THE YEAR 1948

M onth
D aily
M ax­

im u m

T e m p e ra tu re

A v erag e

D aily
M in­

im um
M onthly

H ighest

R a in ­
fa l l
in

Inches

% R e l­
a tive  

H u m id ­
ity  a t  
8:00 

a .  m .

Ja n . 54. 1 25 .3 3 9 .7 61 0 .1 6 82

F e b . 5 2 .9 3 1 .6 4 2 .2 ■ 64 2 .1 2 84

M a r .  . 68 .8 38. 7 53'. 7 75 1.32 86

A p r . 75 .7 4 7 .9 61 .8 88 0 .4 2 72

M ay 8 7 .3 5 3 .9 70. 6 92 0 .0 3 51

June 9 0 .0 5 9 .9 7 5 .0 97 0 .0 6 56

Ju ly 95 .2 65. 7 80 .5 98 0. 11 62

Aug. 9 2 .0 6 1 .0 76 .5 98 0 .0 2 59

Sept. 8 7 .9 4 9 .7 6 8 .8 95 - 54

O ct. 76 .3 3 9 .9 58. 1 83 0 .32 60

Nov. 63 .5 2 6 .5 45 .0 73 - 50

D ec. 5 5 .0 29 .3 42. 1 70 1 .0 4 83
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TA BLE XXVIII

M ETEO ROLOGICAL DATA F O R  PESHAW AR, PAKISTAN
FO R  TH E YEAR 1948

M onth
D aily
M ax­

im u m

T e m p e r a tu r e  F .

A v e rag e

D aily
Min­

im u m
M onthly

R a in ­
fa l l

H ig hes t

% R e l­
a tive  

H um id­
ity  a t  
8:00 

a . m .

Jan . 6 5 .9 4 0 .3 53 .1 71 0 .1 2 74

F e b . 65. 6 43 .3 54 .5 73 1 .16 82

M a r . 7 2 .7 5 0 .2 61 .5 84 2 .0 2 73

A p r . 86 .3 63. 1 74 .7 101 2 .1 5 64

M ay 100.0 7 4 .8 8 7 .4 107 0 .1 9 40

June 100 .8 7 6 .9 8 8 .8 110 0 .2 6 42

Ju ly 102 .2 80 .3 9 1 .2 114 3 .2 6 74

A ug. 9 3 .5 7 7 .4 8 5 .5 100 1 .09 62

Sept. 9 4 .0 7 3 .9 8 3 .9 99 0 .0 4 53

O ct. 8 8 .4 6 3 .0 7 5 .7 94 0. 12 51

Nov. 7 6 .4 4 6 .8 61 .6 85 - 56

D ec. 64 .0 4 2 .9 5 3 .5 73 1 .56 75
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a t  G ran d  Ju n c tio n ; 7 6 .2 °  to  8 0 .5 °  F .  a t  L an s in g ; 8 4 .7 °  to 

8 7 * 7 °  F .  a t  P a ra c h in a r ;  9 1 .6 °  to 94° F .  a t  Q uetta ; and 9 8 .2 °  

to  105 F .  a t  P e sh a w a r; re s p e c tiv e ly . The m ea n  m ax im u m  

fo r  S e p tem b er 1950 w as 7 4 .7 °  F . a t  C o lum bus, 7 8 .3 °  F .  a t 

G ran d  Ju n c tio n , 6 9 .6 °  F . a t  L an s in g ; 8 1 .2 °  F . a t  P a ra c h in a r ,  

8 6 .2  F .  a t  Q uetta  and  95° F .  a t  P e sh a w a r . The te m p e ra tu re s  

fo r  o th e r  m o n th s  in  the  y e a r  a r e  on the whole m uch  h ig h e r in  

P a k is ta n  th an  th o se  in  the  U nited  S ta te s  of A m e ric a  fo r  the

s ta tio n s  u n d e r d isc u ss io n . The h ig h e s t te m p e ra tu re  during  the

o oy e a r  1950 w as 94 F .  in  A ugust a t  C o lum bus, 94 F .  in  Ju ly

oand  S e p tem b er a t  G ran d  Ju n c tio n , 90 F .  in Ju ly  a t  L an sin g ; 

102° F .  in  Ju ly  a t  P a ra c h in a r ,  103° F . in  Ju ne , Ju ly  and A u­

g u s t a t  Q uetta  and 122° F . in  Ju ly  a t  P e sh a w a r . D uring  1948 

the  h ig h e s t te m p e ra tu re s  a t  P a ra c h in a r  and Q uette  w ere  below  

98° F . , a lm o s t  the sam e  a s  th o se  a t  C olum bus, G rand  Junction  

an d  L a n s in g . O th e r f ig u re s  fo r  1948 and the f ig u re s  fo r  1949 

show  a lm o s t  the  sam e  tr e n d  w ith  s lig h t v a r ia tio n s  f ro m  those  

fo r  1950. On the w hole the  te m p e ra tu re s  fo r  P a k is ta n  s ta tio n s  

w e re  a  few  d e g re e s  h ig h e r  than  th o se  fo r  U. S. A . s ta tio n s .

The te m p e ra tu re s  w e re  w ith in  the  u p p e r v i ta l  l im its  fo r  the 

v a r io u s  s ta g e s  of the  o r ie n ta l  f r u i t  m o th  a t  P a r a c h in a r  and



Q u e tta . The a v e ra g e s  of d a ily  m in im a  and  m ea n  m on th ly  

te m p e ra tu re s  w e re  g e n e ra lly  a  few  d e g re e s  above in  the  ca se  

of P a r a c h in a r  and  Q uetta  a s  c o m p a red  to th o se  fo r  the  s ta tio n s  

in  U. S. A . T h ese  te m p e ra tu re s  w ere  n e a r  the op tim um  fo r  

the  o r ie n ta l  f r u i t  m o th  e sp e c ia lly  d u rin g  su m m e r and fa ll;  and  

w ould no t a ffe c t i ts  deve lopm en t d e le te r io u s ly . A t P e sh a w a r 

the  te m p e ra tu re s  o ften  tim e  w e re  m uch  beyond the u p p er v ita l  

l im its  of th is  in se c t .

R a in fa ll a t  C o lum bus, L an s in g  and  P a ra c h in a r  during  

M ay to S e p tem b er e v e ry  y e a r  w as g e n e ra lly  the sam e  but w as 

m u ch  m o re  than  th a t a t  G ran d  Ju n c tio n  and  Q uetta . The la s t  

two p la c e s  had  a lm o s t  an  eq u al am oun t of ra in fa ll  du ring  th a t 

p e rio d .

The d a ta  w ith  r e g a rd  to re la tiv e  hum dity  is  r a th e r  

in te re s t in g . A t C olum bus and  L an sin g  it  w as r a r e ly  below  

80% , u su a lly  be tw een  80 and  90% th roughou t the y e a r . R e la ­

tiv e  h u m id ity  a t  G ran d  Ju n c tio n  v a r ie d  f ro m  30-60%  during  M ay 

to  S e p te m b e r, w ith  a  m a rk e d  tendency  to w a rd s  the  low er s id e . 

T he in te n s ity  of a tta c k  of the  o r ie n ta l  f ru i t  m o th  is  h ig h es t a t  

C o lum bus and  le a s t  a t  G ran d  Junc tion . A lthough the p e s t  is  

p r e s e n t  a t  the l a t t e r  p lace  i t  h a s  se ld o m  a tta in e d  the s ta tu s  of



a  m a jo r  p e s t . T h is  c o r ro b o ra te s  the find ings in  the la b o ra to ry  

b a se d  on c o n s ta n t te m p e ra tu re  and  hum id ity  e x p e rim e n ts , th a t 

low  h u m id ity , p a r t ic u la r ly  in  la te  su m m e r and  e a r ly  fa ll  is  

h igh ly  d e tr im e n ta l  fo r  the  deve lopm en t of the o r ie n ta l  f ru i t  m o th . 

T h is  p ro b ab ly  l im its  the g eo g rap h ic  d is tr ib u tio n  of th is  sp e c ie s .

In sp ite  of good ra in fa ll  a t  P a ra c h in a r  du ring  May to 

S e p te m b e r  the re la tiv e  hum id ity  re m a in e d  low. It v a r ie d  fro m  

40 to  70% , o f te n e r  be tw een  50 and  60% , r a r e ly  going up to 

75 -80% . P a ra c h in a r  is  s i tu a te d  on a  slope  in  the m o un ta in s.

It a p p e a rs  th a t qu ick  d ra in a g e  of ra in w a te r  to low er lev e ls  

p re v e n ts  the  r i s e  of re la tiv e  h um id ity . T h e re  w ere  5 -7  ra in y  

d ay s  e v e ry  m on th  an d  big  dow npours on a  few  d ay s. T hese 

f a c to r s  a ls o  w ould tend  to keep  the hum id ity  low. The r e l a ­

tive  h u m id ity  a t  Q uetta  du rin g  M ay to S ep tem b er u su a lly  r e ­

m a in e d  b e tw een  50 and  60% e v e ry  y e a r . T hus Q uetta  is  s im ­

i la r  to  G ran d  Ju n c tio n  w ith  r e g a rd  to hum id ity  bu t h a s  h ig h er 

t e m p e r a tu re s .  A t P e sh a w a r  re la tiv e  hum id ity  w as g e n e ra lly  

be tw een  50-60%  and  the  te m p e ra tu re s  m o s tly  high, o ften  tim e  

going beyond the u p p e r v ita l  l im its  fo r  the o r ie n ta l  f r u i t  m oth .

T h e re  i s ,  th e re fo re , l i t t le  like lihood  of th is  p e s t  getting  

e s ta b l is h e d  a t  P e s h a w a r . The codling m o th  w ith  w hich the
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o r ie n ta l  f r u i t  m o th  is  o ften  c o m p a red , is  no t known to e x is t  a t  

P e sh a w a r . T h e re  a r e  m o re  ch an ces  fo r  the o r ie n ta l  f r u i t  

m o th  to g e t in tro d u c ed  in to  Q uetta  a r e a ,  p a r t ic u la r ly  a t  Z ia r a t  

(e lev a tio n  o v e r 8 ,0 0 0  f t . )  w hich re c e iv e s  m o re  ra in fa ll  in 

su m m e r . The p ro b a b ility  of th is  in s e c t  becom ing  a t  le a s t  a  

m in o r  p e s t  in  P a r a c h in a r  a r e a  is  r a th e r  h igh  if by any chance 

it  g a in s  a c c e s s  to th is  reg io n . The codling  m o th  is  a lre a d y  

doing s e r io u s  dam age in  Q uetta  and P a ra c h in a r ;  w here  i t  is  

b e liev e d  to have been  in tro d u c ed  not long ago . T h e re  m ay  be 

s e v e ra l  o th e r  re g io n s  in  P a k is ta n  and  India, p a r t ic u la r ly  in 

K a sh m ir  w h ere  the o r ie n ta l  f r u i t  m o th  could  ge t e s ta b lish e d , 

if in tro d u c ed . T h e re  a r e  som e a r e a s  w here  in  a l l  p ro b ab ility  

i t  w ould no t becom e a  p e s t, e . g . ,  P e sh a w a r; but th e re  a re  

o th e r  re g io n s  w ith m e te o ro lo g ic a l cond itions s im ila r  to those  

in  the  U nited  S ta te s  of A m e ric a , w here  the  in se c t could  becom e 

a  p e s t .  It i s ,  th e re fo re , n e c e s s a ry  on the p a r t  of the p lan t 

q u a ra n tin e  o rg a n iz a tio n s  of those  c o u n tr ie s  to  continue to adopt 

s t r i c t  q u a ra n tin e  m e a s u re s  in  o rd e r  to check  the  in tro d u c tio n  

of the  o r ie n ta l  f r u i t  m o th .



VII. SUMMARY AND CONCLUSIONS

The d ev e lo p m en t and  fecu n d ity  of the o r ie n ta l  f ru i t  m oth

w as s tu d ied  u n d e r c o n tro lle d  te m p e ra tu re s  of 60°, 65°, 85° and 

o
95 F . ; and  re la tiv e  h u m id itie s  of 35, 70 and  100 p e r  cen t.

The a v e ra g e  incuba tion  p e rio d  w as 7 .0  d ay s, 7 .5  days and 8 

o
d ay s  a t  60 F . u n d e r re la tiv e  h u m id itie s  of 100%, 70% and

35% , re s p e c tiv e ly . The m in im u m  incuba tion  p e rio d  w as 2 .7 5

o o
day s a t  94 F . , th e r e a f te r  it  in c re a s e d  to 3 .5  days a t  95 F .

A  la rg e  n u m b er of eggs w ithstood  a n  e x p o su re  of 40 h o u rs  a t

o
98 F . , bu t an  ex p o su re  of 48 h o u rs  p ro v ed  fa ta l. An expo­

s u re  of 21 h o u rs  to  105° F . re d u c e d  the v ia b ility  of eggs to 

25-43%  and in c re a s e d  the incubation  p e rio d  by 36-40 h o u rs .

The in fluence  of re la tiv e  hum id ity  on the developm ent 

of eggs though s ig n if ic a n t w as no t w e ll-m a rk e d . The eggs

h a tc h ed  a  couple of h o u rs  e a r l i e r  u n d e r 70% hum id ity  than

o o
th o se  u n d e r low  and  h igh  h u m id ity  ex cep t a t  5 0 .5  and  60 F .

A t 5 0 .5 °  F .  the in cu b a tio n  p e rio d  w as 24 days u n der 100%

re la tiv e  h u m id ity  and  25 days u n d er 70% re la tiv e  hum id ity .

A t 94° and  95° F .  the eggs d id  not h a tch  u n d e r  35% re la t iv e

h um id ity .  The influence  of re la t iv e  hum id ity  se e m e d  to be



m o re  m a rk e d  on the v ia b ility  of the  eggs th an  on the in cu b a­

tio n  p e rio d .

It is  e v id en t f ro m  the d a ta  th a t the eggs of the  o r ie n ta l  

f r u i t  m o th  can  to le ra te  f a i r ly  h igh  te m p e ra tu re s  and  low h u m id ­

i t i e s .  P e rh a p s  the  f la tte n e d  and sc a le  like  fo rm  of the eggs 

h e lp s  th em  in  r e s is t in g  the e ffe c t of a d v e rse  cond itions.

The a v e ra g e  feed ing  p e r io d  of the  la rv a e  v a r ie d  f ro m  

3 6 .8 1  days a t  65° F .  to  18 .0  days a t  95° F .  T h e re  w ere  

la rg e  ind iv idua l v a r ia tio n s  w ith in  one lo t of la rv a e  kep t under 

u n ifo rm  co nd itions.

The d u ra tio n  of the  pupal s tag e  d e c re a s e d  w ith the r i s e

o o
of te m p e ra tu re  f ro m  19 days a t  65 F . to 11 days a t  95 F .

o
The r a te  of d ev e lopm en t d e c e le ra te d  beyond 75 F . The te m ­

p e ra tu r e  a t  w hich the la rv a e  w ere  grow n had  a d is tin c t in flu ­

en ce  on the d u ra tio n  of the pupal p e rio d  a t  an o th e r te m p e ra tu re .. 

P u p ae  kep t a t  65° F .  fo rm e d  f ro m  la rv a e  grow n a t  85° F . had 

a  lo n g e r  pupal d u ra tio n  a s  c o m p a red  to  th o se  a t  o th e r  com bina­

tio n s  of te m p e ra tu re s .  The pupal p e rio d  w as found to be 

s h o r te s t  u n d er 100% and lo n g es t u n d er 35% re la tiv e  hum id ity .

A  low re la t iv e  hum id ity  w as h ighly  d e t r im e n ta l  to pupae kep t

O O
a t  85 F .  when th e i r  egg and  l a rv a l  p e r io d s  had  been  a t  65
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o r  75 F .  U su a lly  the  v ia b ility  of pupae w as abou t one and  a

h a lf  t im e s  the f ig u re  fo r  70% re la tiv e  h u m id ity . F o r  pupae,

a t  65 F .  and  35% re la tiv e  h u m id ity , fo rm e d  f ro m  la rv a e  grow n 

o
a t  85 F .  i t  w as le s s  than  o n e - th ird  a s  c o m p a red  to th o se  kept 

u n d e r a  s a tu ra te d  cond ition . ‘ The v ia b ility  of pupae w as a lw ays 

h ig h e s t u n d e r s a tu ra te d  a tm o sp h e re  a t  a ll  the com binations of 

te m p e ra tu re  t r ie d . T h is  m ea n s  th a t in  a r e a s  of low hum id ity  

in  la te  su m m e r and  e a r ly  f a l l  a  le s s  n u m b er of m o th s e m e rg e . 

C onsequen tly , the  dam age  to f r u i ts  in  those  a r e a s  is  lik e ly  to 

be n e g lig ib le . On the o th e r  hand  p la c e s  w hich a r e  m o re  hum id 

m ay  have l a r g e r  e m e rg e n c e  of m o th s , and  p ro p o rtio n a te ly  

g r e a te r  dam age to f r u i ts  f ro m  the la te  b ro o d s  of la rv a e .

The th e o re tic a l  th re s h o ld  of developm en t fo r  eggs is  

found to  be 4 0 °-4 4 °  F .  depending upon the  re la tiv e  hum id ity ; 

lo w e s t u n d e r 100%; and , h ig h e s t u n d e r 35% re la tiv e  hum id ity . 

F o r  la rv a e  i t  is  4 3 .5 °  F . ; w h e re a s  fo r  pupae i t  v a r ie s  fro m  

4 6 .5 °  F .  to  5 2 .5 °  F . u n d er re la tiv e  h u m id itie s  of 100% and 

35% , re s p e c tiv e ly . U nder m o is t  cond itions the eggs and  the 

pupae (two s ta g e s  a ffe c te d  by hum idity ) continue developm ent 

a t  lo w er te m p e ra tu re s ,  c o m p a red  to  those  exposed  to d ry  con­

d itio n s . In a r e a s  w ith  m o is t  c lim a te , p a r t ic u la r ly  th o se  having



r e la tiv e  h u m id itie s  v a ry in g  f ro m  80 to  90% the in s e c t  c a n ^ s ta r t  

d ev e lo p m en t e a r ly  in  sp r in g  and  thus in c re a s e  to la rg e  p ro p o r ­

tio n s  and  cau se  s e r io u s  dam age . The d iffe re n c e s  betw een  

th re s h o ld s  of deve lopm en t fo r  v a rio u s  s ta g e s  a t  h igh  and  low 

h u m id itie s  a r e  m o re  fo r  the o r ie n ta l  f r u i t  m o th  than  in the  c a se  '• 

of the  codling m oth ; show ing th a t the fo rm e r  p r e f e r s  m o re  m o is t  

co n d itio n s fo r  i ts  developm en t.

The la rv a e  of the o r ie n ta l  f r u i t  m o th  w ere  found to e n te r

in to  a  s h o r t  d iap au se  fo r  a  p e rio d  of 31 to 60 d ay s, and, a

long d iap au se  w ith  a d u ra tio n  of o v e r 60 days u n d er v a rio u s

te m p e ra tu re s  and  h u m id itie s . The la r g e s t  n u m b er and  longest

p e r io d  of " s h o r t  d iap a u se "  w as in  the c a se  of la rv a e  r e a re d

o
a t  the op tim um  te m p e ra tu re  of 75 F .  and  kep t a s  cocoons a t 

75° o r  85° F . C o m p ara tiv e ly  m o re  la rv a e  e n te re d  sh o r t  d ia ­

p au se  u n d e r d r i e r  con d itio n s.

The m ax im u m  d u ra tio n  of "long d iap a u se "  including  the 

pupal p e rio d  w as 241 days a t  65° F . ( la rv a e  grow n a t  65° F . ) ,  

184 days a t  65° F . ( la rv a e  r e a r e d  a t  85° F . ) ,  162 days a t  65 

F .  ( la rv a e  r e a r e d  a t  75 F . ) ,  126 days a t  75 F . ( la rv a e

r e a r e d  a t  75° F . ) .  E x ce p t fo r  th o se  la rv a e  kep t p e rm a n en tly  

a t  65° F . ,  the  h ig h e r  the  te m p e ra tu re  f ro m  w hich they  w ere
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t r a n s f e r r e d  to 65 , the lo n g e r the  d iap au se . T h is  is  in  a g re e ­

m e n t w ith  the o b se rv a tio n s  in  the o rc h a rd s . L a rv a e  h ib e rn a t­

ing e a r ly  in  f a l l  o r  su m m e r w hen the te m p e ra tu re s  a r e  h igh  

have  a  lo n g e r d iap au se  th an  th o se  h ib e rn a tin g  l a te r  in  the  s e a ­

son . The h ib e rn a tio n  w as m o s t su c c e ss fu l u n d er 100% r e l a ­

tiv e  h u m id ity . T h ese  in v es tig a tio n s  have show n th a t p h o to - 

p e r io d is m  d id  no t have any  a p p re c ia b le  e ffec t on the induction  

of d ia p a u se , a s  64.3%  and 50% la rv a e  su c c e ss fu lly  com pleted  

d iap a u se  and  e m e rg e d  a s  m o th s , even  though they  w ere  grow n 

in  to ta l  d a rk n e s s  a t  65° F .  and  75° F .  , r e s p e c tiv e ly . The 

r e a l  c au se  w hich  in it ia te s  d iap au se  in  the la rv a e  of the o r ie n ta l  

f r u i t  m o th  a p p e a rs  to be in h e re n t and  is  to som e ex ten t in flu ­

en ced  by the n a tu re  and  q u a lity  of food on w hich they  a re  fed .

T he p e rc e n ta g e  of m o th s  em e rg in g  u n d er d iffe re n t con­

d itio n s  is  g iven . U nder 35% re la tiv e  hum id ity  p ra c tic a lly  one 

h u n d red  p e r  cen t of the m o th s  e m e rg e d  f ro m  the sh o r t  cycle 

la rv a e ,  a t  m o s t  of the te m p e ra tu re s .  In fa c t  the only exception  

w as a t  a  c o n s tan t te m p e ra tu re  of 75 F . G e n e ra lly  about ha lf 

of the  to ta l  m o th s  e m e rg e d  f ro m  long cycle  la rv a e  if the r e l a ­

tiv e  h u m id ity  had  been  100% du rin g  the  cocoon p e rio d ; about 

o n e - th ird  if  i t  h ad  b een  70%; and  n il  w ith  35% re la tiv e  hum id ity ,



e x ce p t 7 .7%  a t  75° F .  T h is  in d ic a te s  th a t the la rv a e  of the 

o r ie n ta l  f r u i t  m o th , in  a r e a s  w here  low re la tiv e  hum id ity  p r e ­

v a ils  d u rin g  la te  su m m e r and e a r ly  f a l l  la rg e ly  e m e rg e  a s  

m o th s  and no t go in to  h ib e rn a tio n . If the cond itions a r e  d ry  

v e ry  few  la rv a e  e n te r  in to  d iapause  o r  com plete  i t  s u c c e s s ­

fu lly . A s m a lle r  n u m b er of m o ths e m e rg e  in  the follow ing 

sp r in g  on the r e tu rn  of fav o u rab le  co nd itions. On the  o th e r  

hand , a  su b s ta n tia lly  la rg e r  n u m b er of la rv a e  m ay  e n te r  d ia ­

p au se  and  com plete  i t  su c c e ss fu lly , if the re la tiv e  hum id ity  to 

w hich  th ey  a r e  exposed  du rin g  the cocoon p e rio d  is  h igh enough. 

The la t t e r  ad ap ta tio n  e n s u re s  g re a te r  su rv iv a l of th is  sp e c ie s  

in  re g io n s  w here  h igh  hu m id ity  p re v a ils  in  la te  su m m er and 

fa l l .  T hus the  p re s e n t  geo g rap h ic  d is tr ib u tio n  of the o r ie n ta l  

f r u i t  m o th  a p p e a rs  to be la rg e ly  governed  by the re la tiv e  hu ­

m id ity  p re v a ilin g  f ro m  Ju ly  to N ovem ber, the p e rio d  when l a r ­

vae  e n te r  d iap au se . In hum id  a re a s  G. m o le s ta  is  f a r  m o re  

abundan t th an  in  the d r ie r  reg io n s . T h is d iffe ren ce  is  exp la ined  

h e re  by the in fluence  of re la tiv e  hum id ity  on i ts  developm ent 

and  on the su c c e ss fu l com pletion  of la rv a l  d iap au se .

The op tim um  ran g e  of te m p e ra tu re  fo r  egg laying was

75° to 85° F .  The m o th s  la id  eggs when kept in d a rk n e s s  but



135

the  to ta l  n u m b er of eggs la id  w as le s s .  The fe m a le s  em e rg in g

fro m  the h ib e rn a tin g  m a te r ia l  la id  v e ry  few  eggs a s  c o m p a red

to  th o se  f ro m  the s h o r t  cycle  la rv a e . The fecu n d ity  of m o th s

e m e rg in g  f ro m  m a te r ia l  a t  low  h u m id itie s  w as lo w er th an  th a t

of th o se  w ith  p re im a g in a l life  u n d e r h igh  h u m id itie s . M oths

e m e rg in g  f ro m  m a te r ia l  g row n a t  an  o rd in a ry  ro o m  te m p e ra tu re  

o
of 70-80  F . , la id  74. 5 eggs p e r  fem a le  d u rin g  the  p e rio d  

S e p tem b er 24th to O c to b er 15, 1950. In the m on ths of N ovem ­

b e r ,  1950, to A p r il ,  1951, the  a v e ra g e  p e r  fem a le  v a r ie d  f ro m  

3 .3  to  9 .6  eggs in the  la b o ra to ry . D uring  M ay, 1951, the 

a v e ra g e  in c re a s e d  to 57. 1 eggs and  to 65. 4 eggs du rin g  Ju n e , 

1951. T h e re  w as wide flu c tu a tio n  in  the a v e ra g e  nu m b er of 

eggs la id  p e r  fe m a le  fo r  d iffe re n t p e r io d s  du ring  the y e a r  in 

the  la b o ra to ry , w here  te m p e ra tu re  cond itions w ere  a lm o s t the 

sam e  th ro u g h o u t the y e a r .  It a p p e a rs  th a t m o th s of s u c c e s ­

sive  g e n e ra tio n s  even  though fed  on the sam e  food lay  v a ry in g  

n u m b e rs  of eg g s.

M e te o ro lo g ic a l d a ta  fo r  the y e a r s  1948 to 1950 fo r  th re e  

ty p ic a l s ta tio n s  in  the  U nited  S ta te s  of A m e ric a  have been  

c o m p a re d  w ith th o se  of th re e  p la c e s  in  P a k is ta n . T h e re  is  

l i t t le  lik e lih o o d  of the  o r ie n ta l  f r u i t  m o th  ge tting  e s ta b lish e d
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in  p la c e s  w h ere  low hum id ity  p re v a i ls  du rin g  su m m e r and  fa ll  

a s  the p e s t  develops b e s t  u n d e r h igh  h u m id itie s  of 80-90% .

The p ro b a b ility  of th is  in s e c t  becom ing  a t  l e a s t  a  m in o r p e s t 

in  p la c e s  like  P a r a c h in a r ,  (P ak is tan ) w here  the m ax im um  te m ­

p e ra tu re  se ld o m  goes above 98° F . and  the re la tiv e  hum id ity  

is  o ften  a ro u n d  50-60% , is  r a th e r  h igh . It is ,  th e re fo re , n e c ­

e s s a r y  on the p a r t  of the p lan t q u a ra n tin e  o rg an iz a tio n s  of 

P a k is ta n  and India to continue to adop t s t r i c t  m e a s u re s  in  o r ­

d e r  to check  the  in tro d u c tio n  of the o r ie n ta l  f ru i t  m oth  into 

th o se  c o u n tr ie s .
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