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A STUDY OF THE EFFECT OF INGREDIENTS IN INSECTICIDES 

ON THE BEHAVIOR GF THE JAPANESE BEETLE

INTRODUCTION

The Ja p a n e se  b e e t l e  ( P o p l l l i a  J a p o n ic a  Newman) i s  a  m a jo r  I n s e c t  

p e s t  o f  g r e a t  econom ic im p o r ta n c e  th ro u g h o u t  a  l a r g e  e a s t e r n  a r e a  o f  

th e  U n ite d  S t a t e s .  T here  i s  i n  a l l  e n to m o lo g ic a l  l i t e r a t u r e  no  b e t t e r  

exam ple p e rh a p s  o f  a n  a l i e n  i n s e c t ' s  r e s p o n s e  t o  a  f a v o r a b le  new e n ­

v i ro n m e n t.  The Ja p a n e se  b e e t l e  h a s  b e e n  known a s  a  p e s t  i n  Ja p a n  f o r  

many y e a r s .  H ow ever, a s  i t  e x i s t e d  a lo n g  w i th  n a t i v e  p a r a s i t e s ,  i t  

was h e ld  i n  c h e c k  an d  had  n e v e r  b e e n  a  p e s t  o f  s e r i o u s  im p o r ta n c e .

D ic k e rs o n  and Vfeiss (1 )  a r e  q u o te d  a s  t o  t h e  s t a t u s  o f  t h i s  i n ­

s e c t  i n  J a p a n t

Mr. C. H. U chida was k in d  enough  t o  t r a n s l a t e  a c c o u n ts  o f  t h i s  
i n s e c t  a s  g iv e n  i n  tw o Ja p a n e se  t e x tb o o k s .  The f i r s t  one i s  
t h a t  g iv e n  b y  5 .  M atsum ura i n  h i s  Ja p a n e se  I n s e c t  B e s t s ,  p a r t  
2 ,  p .  2h7» He s t a t e s  t h a t  th e  b e e t l e s  do c o n s id e ra H le  damage 
t o  s t r i n g  b e a n s ,  g r a p e s ,  and  c e r t a i n  w ild  b e a n s ;  t h a t  th e  
a d u l t s  em erge i n  June and  re m a in  u n t i l  S e p te m b e r; t h a t  t h e y  
a r e  a t t r a c t e d  b y  l i g h t s  and c o n t r o l l e d  b y  hand  p ic k in g  and  
s p r i n g  and  f a l l  p lo w in g . The o t h e r  a c c o u n t i s  t h a t  g iv e n  b y  
A. F u k a ta n i  i n  P r a c t i c a l  M ethods o f  D e s tro y in g  I n s e c t s  on
H o r t i c u l t u r a l  P l a n t s ,  p .   TUe a l s o  s t a r e s  t h a t  c o n t r o l
i s  e f f e c t e d  b y  J a r r i n g  th e  b e e t l e s  o f f  th e  p l a n t s  i n t o  a  
d i s h  o f  o i l  and  w a te r ;  b y  J a r r i n g  them  fro m  t r e e s  t o  a  c l o t h  
s p r e a d  b e lo w ; b y  s p r a y in g  w i th  P a r i s  G reen  an d  B ordeaux  m ix tu re  
and  b y  t h e  u se  o f  V a p o r i te  i n  t h e  s o i l ,  a l s o  t h a t  th e  u se  o f  
o rg a n ic  m anure and  e s p e c i a l l y  co m p o st s h o u ld  b e  a v o id e d .

fro m  th e s e  tw o a c c o u n ts  i t  i s  e v i d e n t  t h a t  P o p i l l i a  ja p o n ic a  
i s  r e g a r d e d  a s  a  p e s t  i n  J a p a n .

The b e e t l e  was p ro b a b ly  in t r o d u c e d  i n t o  th e  U n ite d  S t a t e s  i n  th e  

l a r v a l  s t a g e  i n  s o i l  a ro u n d  i r i s  r o o t s  im p o r te d  fro m  Ja p a n . From a  

s i n g l e  f o c u s  o f  i n f e s t a t i o n  a t  a  New J e r s e y  n u r s e r y ,  w here  i t  w as f i r s t
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d is c o v e r e d  I n  A u g u s t, 1 9 1 6 , th e  b e e t l e  s p r e a d  r a p i d l y .  B r i t t o n  and  

Jo h n so n  (2 )  n o te  t h a t  a t  t h e  tim e  o f  th e  d i s c o v e r y  o f  th e  b e e t l e  th e  

i n f e s t a t i o n  was c o n f in e d  t o  an  a r e a  o f  a  f e e  hundred  y a r d s j  i n  1917* 

th e  i n f e s t a t i o n  c o v e re d  2 .7  s q u a re  m i l e s .  By 1937, m are th a n  1 0 0 ,0 0 0  

s q u a re  m ile s  o f  th e  e a s t e r n  U n ited  S t a t e s  was u n d er f e d e r a l  q u a ra n t in e  

b e c a u se  o f  t h i s  p e s t .

ECOLOGICAL CONSIDERATIONS 

The am azing  s u c c e s s  o f  t h e  Jap an ese  b e e t l e  i n  i t s  new e n v iro n m e n t 

i s  due t o  s e v e r a l  e c o l o g i c a l  f a c t o r s .  E c o lo g y  h as  b e e n  d e f in e d  a s  

" th e  r e l a t i o n s h i p  o f  a n  o rg a n ism  t o  i t s  e n v iro n m e n t. " I n  th e  c a s e  o f  

t h e  Ja p a n e se  b e e t l e ,  th e  i n s e c t  h a s  b e e n  endowed b y  n a tu r e  w i th  a  

ra v e n o u s  p h y to p h ag o u s  a p p e t i t e  and a  h ig h  b i o t i c  p o t e n t i a l .  These tw o 

f a c t o r s  t o g e t h e r  w ith  th e  i n t r o d u c t i o n  o f  th e  i n s e c t  i n t o  a n  e n v ir o n ­

m en t w i th  a n  ab undance  o f  fo o d  an d  a n  a b se n c e  o f  m ost n a t u r a l  e n e m ie s , 

w ere  e c o l o g i c a l l y  r e s p o n s i b l e  f o r  th e  r a p i d  p o p u la t io n  in c r e a s e  i n  th e  

U n ite d  S t a t e s .

Life History and Feeding Habits of the Japanese Beetle

In  M ary land  th e  a d u l t  b e e t  e  s  b e g in  t o  em erge fro m  th e  sod  la n d s  

a b o u t  th e  se c o n d  week i n  J u n e . The tim e  o f  em ergence v a r i e s  w i th  th e  

l a t i t u d e  and  t h e  w e a th e r  c o n d i t i o n s .  Once em ergence h a s  s t a r t e d ,  t h e  

b e e t l e s  c o n tin u e  t o  em erge i n  e v e r  i n c r e a s i n g  num bers u n t i l  th e  p e ak  

p o p u la t i o n  i s  r e a c h e d  a b o u t  t h e  t h i r d  w eek i n  J u ly .  Frcm  t h i s  tim e  

th e y  d e c r e a s e  i n  num bers u n t i l  b y  m id -S ep tem b er th e y  a r e  r a r e l y  s e e n ,  

a l th o u g h  a  few  s t r a g g l e r s  may be  fo u n d  i n  su n n y  f i e l d s  e v e n  a f t e r  t h e
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f i r s t  f r o s t s *

The a d u l t  b e e t l e s  a r e  known t o  f e e d  on m ore t h a n  260 s p e c i e s  o f  

p l a n t s .  They f e e d  p a r t i c u l a r l y  on many o f  th e  s m a l l  f r u i t s ,  o rn a m e n ta l 

s h r u b s ,  sh ad e  t r e e s ,  a n d  f lo w e r in g  g a rd e n  p l a n t s  grow n a ro u n d  t h e  a v e r ­

ag e  hom e, g a rd e n  o r  o r c h a r d .  F o r t h i s  r e a s o n ,  th e  s tu d y  o f  c o n t r o l  

m ethods b e g a n  a lm o s t  s im u l ta n e o u s ly  w i th  th e  a p p e a ra n c e  o f  th e  Ja p a n e se  

b e e t l e  i n  M ary lan d . E x te n s iv e  i n v e s t i g a t i o n s  i n t o  th e  l i f e  h i s t o r y  

and  i n t o  th e  c o n t r o l  o f  th e  b e e t l e  hav e  b e e n  made b y  th e  e n to m o lo g is ts  

o f  th e  U n iv e r s i ty  o f  M aryland f a r  o v e r  tw e n ty  y e a r s .

S w e e t, o r  c a n n in g ,  c o rn  i s  one o f  th e  m a jo r c ro p s  o f  th e  M ary land  

f a r m e r .  C orn s i l k  i s  one o f  th e  f a v o r i t e  fo o d s  o f  t h e  Ja p a n e se  b e e t l e .  

The Ja p a n e se  b e e t l e  i s  im p o r ta n t  i n  th e  econom ics o f  c a n n in g  c o r n  

p r o d u c t io n ,  n o t  b e c a u s e  o f  th e  am ount o f  c o rn  o r  p l a n t  f o l i a g e  t h a t  i t  

d e v o u r s ,  b u t  b e c a u s e  b y  c u t t i n g  th e  s i l k s  i t  p r e v e n ts  p o l l i n a t i o n  an d  

th e  s u b s e q u e n t  d e v e lo p m e n t o f  th e  k e r n e l s .  U n f o r tu n a te ly ,  t h e  c r i t i ­

c a l  t im e  o f  s i l k i n g  and  p o l l i n a t i o n  c o in c id e s  w i th  th e  p eak  p e r io d  o f  

Ja p a n e se  b e e t l e  p o p u la t i o n .  Coon ( 3 )  d e m o n s tra te d  t h a t  i f  th e  c o rn  

s i l k  c o u ld  be  p r o t e c t e d  f o r  s e v e n  h o u r s  a f t e r  p o l l i n a t i o n ,  th e  k e r n e l s  

w ould b e  w e l l  f e r t i l i z e d ,  and  a  f u l l  e a r  o f  c o rn  w ould  d e v e lo p .  I a n g -  

f o r d ,  R o thgeb  an d  C ory  (li) a d v o c a te d  l a t e  p l a n t i n g  o f  c o rn  t o  a s s u r e  

t h a t  th e  s i l k i n g  p e r io d  o c c u r re d  a f t e r  th e  em ergence  p e ak  o f  th e  

b e e t l e s .  They s u g g e s te d  th e  f o l lo w in g  p l a n t i n g  d a t e s  f o r  n o r th e r n  

M ary land  s

S h o r t  s e a s o n  c o rn

Long s e a s o n  c o rn

Medium s e a s o n  c o rn

May 25 t o  June  1 

June 1  t o  June  7 

JUne 7 t o  June 1U



h

F arm ers  c a n n o t  f o l lo w  t h e  above s c h e d u le  w i th  sw e e t c o rn  b e c a u se  

th e  t im e  o f  p l a n t i n g  i s  d e te rm in e d  b y  th e  c a n n e r ,  who m u st a r ra n g e  th e  

p l a n t i n g  d a t e s  s o  t h a t  a l l  t h e  c o rn  d o e s  n o t  a r r i v e  a t  t h e  c a n n in g  

s t a g e  a t  th e  same t im e .  F a r  t h i s  re a s o n *  th e  e a r n  may b e  s i l k i n g  a t  

th e  tim e  when b e e t l e  p o p u la t i o n  i s  th e  g r e a t e s t .  The f a rm e r  m ust d e ­

pend* t h e r e f o r e *  on i n s e c t i c i d e s  t o  c o n t r o l  th e  Ja p an e se  b e e t l e .  The 

m ost s a t i s f a c t o r y  i n s e c t i c i d e s  d e v e lo p e d  f a r  t h i s  p u rp o se *  t o  d a te *  i s  

DDT. Ghe pound o f  DDT (lOOJb) d i s s o lv e d  i n  a  s o l v e n t  an d  p r o p e r ly  

a p p l i e d  i s  s u f f i c i e n t  t o  c o n t r o l  th e  b e e t l e s  on a n  a c r e  o f  c o rn .  How­

e v e r*  th e  r e s i d u e  o f  DDT i s  lo n g  l a s t i n g  an d  c r e a t e s  a  p ro b lem  f o r  th e  

g ro w e r who w is h e s  t o  f e e d  t h e  t r e a t e d  fo d d e r  t o  d a i r y  cows o r  t o  b e e f  

c a t t l e ,  F a r  t h i s  r e a s o n  t h e  s e a r c h  f o r  new and  b e t t e r  i n s e c t i c i d e s  f a r  

t h e  s p r a y in g  o f  c o rn  h as c o n t in u e d .
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THE FRCBLEld

t

H ad ley  a n d  Hawley (5 )  c a l l  a t t e n t i o n  t o  th e  T a c t  t h a t  a l th o u g h  

th e  Ja p a n e se  b e e t l e  I s  known t o  f e e d  on  a p p ro x im a te ly  260 d i f f e r e n t  

p l a n t s ,  i t  show s a  v e r y  d e f i n i t e  p r e f e r e n c e  f a r  c e r t a i n  p l a n t s .  Why, 

f a r  e x a m p le , a r e  g ra p e  and  r a s p b e r r y  l e a v e s  re d u c e d  t o  a  s k e l e t o n iz e d  

c o n d i t i o n  b y  th e  f e e d in g  b e e t l e s  w h ile  d e w b e rry  and  g o o s e b e r ry  l e a v e s  

a r e  l e f t  unharm ed? The e c o l o g ic a l  f a c t o r s  in v o lv e d  i n  th e  f e e d in g  o f  

th e  Ja p a n e se  b e e t l e  a r e  d e te rm in e d  l a r g e l y  b y  a t t r a c t a n t  and  r e p e l l e n t  

s u b s ta n c e s  i n  th e  p l a n t s  on  w h ich  th e  b e e t l e  f e e d s .

W hile s tu d y in g  th e  m o r t a l i t y  o f  b e e t l e s  i n  c o rn  f i e l d s  t r e a t e d  

w i th  DDT, th e  o b s e rv e r  n o te d  t h a t  t h e r e  w ere  a p p a r e n t l y  m are b e e t l e s  

f e e d in g  i n  t h e  f i e l d s  th e  d a y  a f t e r  th e  i n s e c t i c i d e  h ad  b e e n  a p p l i e d  

th a n  b e f o r e .  The a p p a r e n t  i n f l u x  o f  b e e t l e s  i n t o  t h e  t r e a t e d  f i e l d  

s u g g e s te d  t h a t  t h e i r  f e e d in g  h a b i t s  w ere  in f lu e n c e d  b y  th e  i n s e c t i c i d e  

a p p l i e d  t o  th e  f o l i a g e .

Do i n s e c t i c i d e s  o r  d o  a n y  o f th e  i n g r e d i e n t s  o f  i n s e b t i c i d e s ,  have

p r o p e r t i e s  t h a t  w ould  a t t r a c t  o r  r e p e l  i n s e c t s ?  S h o u ld  th e  m a n u fa c tu re r

o f  i n s e c t i c i d e s  c o n s id e r  more c a r e f u l l y  w h a t k i l l i n g  a g e n t  he s e l e c t s ,

w h a t s o l v e n t  he u se s  t o  d i s s o l v e  th e  k i l l i n g  a g e n t  and  w hat e m u l s i f i e r

he ad d s  when he f o r m u la te s  a n  i n s e c t i c i d e  f a r  t h e  m a rk e t?
■*

T h is  d i s s e r t a t i o n  i s  a  s tu d y  o f  e x p e r im e n ts  d e s ig n e d  t o  a n sw e r 

t h e s e  q u e s t io n s .
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METHODS AND MATERIALS USED IN 1950
i

The Jap an ese  b e e t l e  was c h o se n  a s  th e  t e s t  i n s e c t  t o  b e  u sed  i n  

th e  e x p e r im e n t  b e c a u se  i t  was a v a i l a b l e  i n  l a r g e  num bers; i t  was known 

t o  have a  w e l l  d e v e lo p e d  o l f a c t o r y  s e n s e  and  f i e l d  o b s e r v a t io n s  o f  i t s  

b e h a v io r  h ad  a ro u se d  t h e  q u e s t io n s  t h a t  a r e  th e  p rob lem s i n  t h i s  s t u d y .

S in c e  th e  p ro b lem  w as t o  d e te rm in e  th e  e f f e c t  o f  i n s e c t i c i d e s  and  

o f  i n g r e d i e n t s  u sed  t o  fo rm u la te  i n s e c t i c i d e s  on th e  f e e d in g  o f  th e  

Ja p a n e se  b e e t l e  some m ethod o f m ea su rin g  th e  re s p o n s e  had  t o  be  d e v is e d .  

D e th ie r  (6 )  c l a s s i f i e s  s t i m u l i  a s  c h e m ic a l  an d  p h y s i c a l .  I n s e c t i c i d e s  

a r e  s t i m u l i  t h a t  c a n  a f f e c t  th e  f e e d in g  o f  t h e  Ja p a n e se  b e e t l e  i n  one 

o f tw o w ays —  c h e m ic a l ly  o r  p h y s i c a l l y .  T h a t i s ,  t h e  o d o r o f  th e  i n ­

s e c t i c i d e  c o u ld  b y  t h e  e f f e c t  on th e  o l f a c t o r y  s e n s e  o rg a n s  a t t r a c t  o r 

r e p e l  t h e  b e e t l e ,  o r  t h e  p re s e n c e  o f  th e  i n s e c t i c i d e  on th e  p l a n t  c o u ld  

be p h y s i c a l l y  a t t r a c t i v e  o r  r e p u l s iv e  t o  th e  t a c t i l e  s e n s e  o rg a n s  o f  

th e  i n s e c t .  I t  was i m p r a c t i c a l  t o  make l a r g e  s c a le  o b s e r v a t io n s  b y  

t r e a t i n g  th e  fo o d  p l a n t s  w ith  i n s e c t i c i d e s  and  th e n  c o u n t in g  th e  num­

b e r  o f  i n s e c t s  on th e  p l a n t s  b e c a u se  o f  t h e  r e s t l e s s  n a tu r e  o f  th e  

Ja p a n e se  b e e t l e .  (N o te .  H ow ever, t h i s  w as t r i e d  on a  l i m i t e d  s c a l e  

i n  1951* See page 5 0 . )  T h e r e f o r e ,  a  t r a p p i n g  e x p e r im e n t  was c h o se n  

a s  th e  m o st l o g i c a l  m ethod  o f  o b ta in in g  t h e  d a t a .

E a r l y  i n  J u ly ,  1 9 5 0 ,  when th e  a n n u a l  f l i g h t  o f  th e  Ja p a n e se  

b e e t l e s  h a d  begun , s i x  b a t t e r i e s  o f  s t a n d a r d  J a p a n e se  b e e t l e  t r a p s  w ere  

p la c e d  i n  a  la r g e  p a s t u r e  a t  th e  U n iv e r s i ty  o f  M aryland e x p e r im e n ta l  

fa rm . E ach  b a t t e r y  w as com posed o f  80 t r a p s ,  s u b d iv id e d  i n t o  f o u r



r e p l i c a t e s  o f  20 t r a p s *  Each r e p l i c a t e  was com posed o f  18 t r a p s  con ­

t a i n i n g  a  t e s t  m a t e r i a l  and  tw o c h e c k  t r a p s ,  one c o n ta in in g  a  s ta n d a r d  

a t t r a c t a n t  m a t e r i a l ,  t h e  o th e r  a n  em pty  b a i t  b o t t l e .  The s ta n d a r d  a t ­

t r a c t a n t  w as th e  Ja p an e se  b e e t l e  b a i t  u sed  th ro u g h o u t  th e  s t a t e  o f  

M aryland i n  th e  summer o f  1950 , and  i t  was in c lu d e d  i n  th e  b a t t e r y  a s  

a  s t a n d a r d  o f  m easu re  w i th  w h ich  th e  t e s t  m a t e r i a l s  c o u ld  be com pared . 

The em pty b o t t l e  w as added  t o  th e  b a t t e r y  t o  c h ec k  w h e th e r  th e  b e e t l e  

was a t t r a c t e d  o r  r e p e l l e d  b y  th e  t e s t  m a t e r i a l s  o r  w h e th e r  th e y  e n te r e d  

th e  t r a p s  th ro u g h  c h a n c e . The p u rp o se  o f  th e  r e p l i c a t i o n  was t o  r e ­

duce th e  e x p e r im e n ta l  e r r o r s  and t o  p ro v id e  a n  e s t im a te  o f  th e  s i z e  

o f  th e s e  e x p e r im e n ta l  e r r o r s .  The r e p l i c a t e s  w ere  a r r a n g e d  i n  e i g h t  

row s o f  t e n  t r a p s  w i th  a  t e n  f o o t  i n t e r v a l  b e tw ee n  t r a p s .  An a r b i t r a r y  

i n t e r v a l  o f  30 f e e t  w as e s t a b l i s h e d  b e tw ee n  th e  b a t t e r i e s  o f  t r a p s  

(See F ig .  I ) .  Each t e s t  m a t e r i a l  w as moved t o  a  new p o s i t i o n  w i t h in  

th e  b a t t e r y  d a i l y  t o  overcom e p la c e m e n t e f f e c t  (See F ig .  2 ) .  F o r ty

c u b ic  c e n t im e te r s  o f  th e  s o l u t i o n  t o  be t e s t e d  was p la c e d  i n  a  s t a n d a r d

w ide m o u th , g l a s s  b a i t  b o t t l e ,  a  w ic k  i n s e r t e d  and  th e  b o t t l e  p la c e d  

i n  th e  t r a p .  A q u a r t  h a s  on j a r  m ounted  b e n e a th  th e  t r a p  c o l l e c t e d  a l l  

b e e t l e s  t h a t  e n t e r e d .  The l a s  on j a r s  w ere  i n s p e c te d  d a i l y  an d  e m p tie d . 

I f  th e  num ber o f  b e e t l e s  c o l l e c t e d  w as e s t im a te d  by  v i s u a l  i n s p e c t i o n  

t o  be 100 o r  l e s s ,  a  p h y s i c a l  c o u n t  w as m ade. I f  t h e  num ber was

g r e a t e r  t h a n  1 0 0 , t h e  b e e t l e s  w ere  t r a n s f e r r e d  t o  a  g r a d u a te  c y l i n d e r ,

and a  g r a d u a te d  s c a l e  u se d  t o  d e te rm in e  th e  num ber. H ie s c a l e  had  

b e e n  c a l i b r a t e d  i n  e a r l i e r  e x p e r im e n ts  an d  i t  had  b e e n  d e te rm in e d  t h a t  

a  c lo s e  a p p ro x im a t io n  t o  th e  a c t u a l  num ber c o u ld  b e  o b ta in e d  b y  t h i s  

m ethod . The c o l l e c t i o n  o f  b e e t l e s  b e g a n  on J u ly  1 0 , 1 9 5 0 , a n d  was d i s -



c o n tin u e d  on A u g u st 2 0 , 1 9 5 0 ,  when th e  p o p u la t io n  becam e s o  low t h a t  

f u r t h e r  c o l l e c t i o n  o f  d a ta  w ould  have  b e e n  u s e l e s s .  I n  th e o r y ,

Ja p a n e se  b e e t l e s  f l y i n g  o v e r  th e  e x p e r im e n ta l  a r e a  w o u ld  be  g u id e d  t o  

a t t r a c t a n t  m a t e r i a l s  and  aw ay from  r e p e l l e n t  m a t e r i a l s .  The a t t r a c t a n t  

o r  r e p e l l e n t  v a lu e  o f  th e  m a t e r i a l s  w as d e te rm in e d  fro m  th e  num ber o f 

b e e t l e s  c o l l e c t e d  from  th e  t r a p s .

The e x p e r im e n t was d iv id e d  i n t o  th e  fo l lo w in g  t e s t s <

1 .  I n  B a t t e r i e s  A and B (S ee  T a b le s  I  and  I I )  th e  r e s p o n s e  

o f  th e  Ja p a n e se  b e e t l e  t o  c e r t a i n  i n g r e d i e n t s  o f  i n s e c t i ­

c id e s  was t e s t e d  b y  u s in g  th e  i n g r e d i e n t s  a s  b a i t s .

2 .  I n  B a t t e r i e s  C and  1 (S ee  T a b le s  I I I  and  IV) th e  r e s p o n s e  

o f  th e  Ja p a n e se  b e e t l e  w as t e s t e d  when f o u r  c c  o f  a  s ta n d a rd  

a t t r a c t a n t  w as ad d ed  t o  36 c c  o f  e a c h  t e s t  i n g r e d i e n t .

3* In  B a t t e r y  £  (S ee  T ab le  V) th e  r e s p o n s e  o f  th e  Ja p an e se  

b e e t l e  was t e s t e d  when 10 c c  o f  a  s o l u t i o n  o f  52 grains o f  

t e c h n i c a l  DDT d i s s o l v e d  i n  100 c c  o f x y le n e  w as added  t o  30 

c c  o f  e a c h  i n g r e d i e n t  t e s t e d  i n  B a t t e r y  A.

1 .  I n  B a t t e r y  F (See T ab le  V I) th e  r e s p o n s e  o f  th e  Ja p an e se  

b e e t l e  w as t e s t e d  when e x p o sed  t o  th e  b i l l i n g  a g e n ts  used  

i n  some o f  th e  new er i n s e c t i c i d e s .
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FN»URE I* The Arrangement Of The Experimental Trope In 
The Field* ( 1 9 9 0 )
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FIGURE 2* The Doily P a tte rn  Of R otation Of The 
Traps In Ths B attery- (1950)
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TABLE I
/

BATTER? A -  The c o m p o sit io n  o f  a  b a t t e r y  d e s ig n e d  t o  t e s t  the a t t r a c ­
ta n t  or r e p e l le n t  v a lu e  o f  c e r t a in  in g r e d ie n t s  o f  i n s e c t ­
i c i d e s .

Rep 1  R ep 2 Rep 3 Rep U M a te r ia l  Type

A 1 A 21 A u A 61 K ero sen e  (R e g u la r  r u n )  F u e l  
O i l  No. 1 S o lv e n t

A 2 A 22 A 12 A 62 K ero sen e  ( o d o r l e s s ) S o lv e n t
A 3 A 23 A 13 A 63 F u e l  O il  No. 2 S o lv e n t
A h A 21 A 11 A 61 S o lv e n t S o lv e n t
A 5 A 25 A 15 A 65 V e l s l c o l  AR 50 (B -1 8 7 5 6 ) S o lv e n t
A 6 A 26 A 16 A 66 V e l s i c o l  AR 55 S o lv e n t
A 7 A 27 A 17 A 67 V e l s l c o l  AR 60 S o lv e n t
A 8 A 28 A 18 A 68 V apona D-13 I n s e c t i c i d e
A 9 A 29 A 19 A 69 B enzene S o lv e n t
A 10 A 30 A 50 A 70 X y len e S o lv e n t
A 11 A 31 A 51 A 71 D eobase S o lv e n t
A 12 A 32 A 52 A 72 S o v a c id e  s / v  511-B S o lv e n t
A 13 A 33 A 53 A 73 S o v a c id e  s / v  5 1 1 -0 S o lv e n t
A 11 A 31 A 51 A 71 Sun S o lv e n t S o lv e n t
A 15 A 35 A 55 A 75 I n s e c t i c i d e  b a s e  ( S h e l l ) S o lv e n t
A 16 A 36 A 56 A 76 E -1 0 7  R ( S h e l l ) S o lv e n t
A 17 A 37 A 57 A 77 U ltr a c e n e S o lv e n t
A 18 A 38 A 58 A 78 Cyc lo h ex an o n e S y n e r g i s t
A 19 A 39 A 59 A 79 ^ S ta n d a rd  b a i t B a i t
A 20 A 10 A 60 A 80 Empty- Check

*  F o rm u la  I

a n e t h o l .........................................................8 p a r t s
e u g e n o l .....................   1  p a r t
p h e n y l  e t h y l  a c e t a t e ..........................1  p a r t
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BATTERY 3 -  The co m p o sit io n  o f  a b a t t e r y  d e s ig n e d  t o  t e s t  th e  a t t r a c t ­
a n t or r e p e l le n t  v a lu e  o f  c e r t a in  in g r e d ie n t s  o f i n s e c t ­
i c i d e s .

Rep 1 Rep 2 Rep 3 Rep 1* l i a t e r i a l Type

3 1 B 21 B 1*1 B 61 I l n e r a l  O il S o lv e n t
£ 2 B 22 B 1*2 B 62 l l n e r a l  O i l  ( e x t r a  h e a v y ) S o lv e n t
B 3 B 23 B 1*3 B 63 K i s t o l  ( l i g h t ) S o lv e n t
B 1* B 2U B 1*1* B 61* A tla s  Span  £5 (B a tc h  2097A) E m u ls i f i e r
B 5 B 25 B 1*5 3 65 A tla s  G-1276 (B a tch  39l*5A) E m u ls i f i e r
3  6 B 26 B 1*6 B 66 A t la s  Tween 20 (B a tc h  551*A) E m u ls i f i e r
B 7 B 27 B 1*7 B 67 A t la s  Span  20 (B a tc h  2352A) E m u ls i f i e r
B 8 B 28 B 1*8 B 68 T r i to n  X -100 E m u ls i f i e r
B 9 B 29 B 1*9 B 69 A tla s  0 -1 2 7 6  (B a tch  3072) E m u ls i f i e r
E 10 B 30 B 50 B 70 A tlo x E m u ls i f i e r
B 11 3 31 B 51 B 71 E th o f a t  21*2/25 ( l o t  1*51) 

E th o n een  s / l 5  ( l e t  1*36)
E m u ls i f i e r

3 12 B 32 B 52 B 72 E m u ls i f i e r
E 13 B 33 B 53 B 73 A rqua 0-2C ( l o t  6297) E m u ls i f i e r
E XU B 31* B 51* B 71* Tenlo-l*00 ( G r i f f i n ) E h m ls i f i e r
B 15 B 35 B 55 B 75 lio n is  o l -210 E m u ls i f i e r
B 16 B 36 B 56 76 X i t e r i t e  T Emuls i i  i e r
B 17 B 37 B 57 B 77 I te th o x y c h la r  (50JC) 10 gms. 

ft 30 cc  M in e ra l O il I n s e c t i c i d e
B H CD B 38 B 58 3

COr- l in d a n e  10 gms. /  30 cc  
L in e r a l  O il I n s e c t i c i d e

B 19 B 39 B 59 B 79 ^ S ta n d a rd  B a i t B a i t
B 20 B 1*0 B 60 3 80 Empty Check

#  F orm ulai

a n e th o l .............................
e u g e n o l .............................
p h en y l e t h y l  a c e t a t e

8 parts 
1 part 
1 part
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TABIE I I I
I

BATTERY C -  The c o m p o s it io n  o f a  b a t t e r y  d e s ig n e d  t o  t e s t  th e  a t t r a c t ­
a n t  o r  r e p e l l e n t  v a lu e  o f  c e r t a i n  i n g r e d i e n t s  o f  i n s e c t ­
i c i d e s  w ith  f o u r  cc  o f a  s t a n d a r d  a t t r a c t a n t  added  t o  e ac h  
t e s t  i n g r e d i e n t .

Rep 1 Rep 2 Rep 3 Rep 1; M a t e r i a l  36 cc  A d a tiv e  1+ cc

c 1 C 21 c 111 c 61 K erosene (R e g u la r  r u n ) S ta n d a rd b a i t
c 2 C 22 c 1|2 c 62 K erosene ( o d o r l e s s ) S ta n d a rd b a i t
c 3 c 23 c 1*3 c 63 F u e l  O il  No. 2 S ta n d a rd b a i t
c 1* c 2li c 1*1* c 61* S o lv e n t S ta n d a rd b a i t
c 5 c 25 c 1*5 c 65 V e ls lc o l  AR 50 S ta n d a rd b a i t
c 6 c 26 c he c 66 V e l s l c o l  AR 55 S ta n d a rd b a i t
c 7 c 27 c Ii7 c 67 V e ls lc o l  AR 60 S ta n d a rd b a i t
c 8 c 28 c 1*8 c 68 V aponia D-l* 3 S ta n d a rd b a i t
c 9 c 29 c 1*9 c 69 Benzene S ta n d a rd b a i t
c 10 c 30 c 50 c 70 X ylene S ta n d a rd b a i t
c 11 c 31 c s i c 71 D ebbase S ta n d a rd b a i t
c 12 c 32 c 52 c 72 S o v ac id e  $l*i*-B S ta n d a rd b a i t
c 13 c 33 c 53 c 73 S o v ac id e  f>i*l*-C S ta n d a rd b a i t
c 111 c 3h c 51* c 71* Sun S o lv e n t S ta n d a rd b a i t
c 15 c 35 c 55 c 75 I n s e c t i c i d e  Base ( S h e l l ) S ta n d a rd b a i t
c 16 c 36 c 56 c 76 E-i*07 R ( S h e l l ) S ta n d a rd b a i t
c 17 c 37 c 57 c 77 U ltra c e n e S ta n d a rd b a i t
c 18 c 38 c 58 c 78 Cyc lo h ex an o n e S ta n d a rd b a i t
c 19 c 39 c 59 c 79 •^Standard b a i t
c 20 c 1*0 c 60 c 80 Empty Check

*  Form ula1

a n e th o l ......................................................8 p a r ts
e u g e n o l .  .....................  1  p a r t
p h en y l e t h y l  a c e t a t e .......................1 p a r t



m

/

TABLE IV
f

BATTERY D -  The c o m p o s it io n  o f  a  b a t t e r y  d e s ig n e d  t o  t e s t  t h e  a t t r a c t ­
a n t  o r  r e p e l l e n t  v a lu e  o f  c e r t a i n  i n g r e d i e n t s  o f  i n s e c t ­
i c i d e s  w i th  f o u r  cc  o f  a  s t a n d a r d  a t t r a c t a n t  added  t o  each  
t e s t  i n g r e d i e n t .

Rep 1 Rep 2 Rep 3 Rep U T a t e r i a l  36 cc  A d d a tiv e  k  cc

D 1 D 21 D k l D 61 M n e r a l  o i l *Standai*d b a i t
D 2 D 22 D k2 D 62 I / in e r a l  o i l  (H eavy) S ta n d a rd b a i t
D 3 D 23 D k3 D 63 l i s t o l S ta n d a rd b a i t
D h D 21* D kk D 614 A t la s  Span 85 (2097A) S ta n d a rd b a i t
D 5 D 25 D kS D 65 A t la s  G -1276 (B a tc h  39li5A )Standaid b a i t
D 6 D 26 D 1*6 D 66 A t la s  Tween 2 0 (B a tc h  55l4A)Standard b a i t
D 7 D 27 D k7 D 67 A t la s  Span 20 (B atch2352A )Standaxd b a i t
D 8 D 28 D 1*8 D 68 T r i t o n  X -100 S ta n d a rd b a i t
D 9 D 29 D k9 D 69 A t la s  G-1276 (B a tc h  3 0 7 2 )S ta n d a rd b a i t
D 10 D 30 D 50 D 70 A tlo x S ta n d a rd b a i t
D 11 D 31 D 51 D 71 E th o f a t  2U2/25 

E th o n een  s /1 5
S ta n d a rd b a i t

D 12 D 32 D 52 D 72 S ta n d a rd b a i t
D 13 D 33 D 53 D 73 A rquao  0 -2  c S ta n d a rd b a i t
D l i t D 3k D 5k D 714 Tenlo-iiQQ ( G r i f f i n ) S ta n d a rd b a i t
D 15 D 35 D 55 D 75 N o n iso l -  210 S ta n d a rd b a i t
D 16 D 36 D 56 D 76 L i t e r i t e  T S ta n d a rd b a i t
D 17 D 37 D 57 D 77 R ho thane  l p  c c  /  30 cc  

x y le n e
D 18 D 38 D 56 D 78 Renphene 10 c c  /  30 cc  

x y le n e
D 19 D 39 D 59 D 79 •S ta n d a rd  b a i t
D 20 D ko D 60 D 80 Empty Check

»  Form ulai

a n e t h o l ..............................
e u g e n o l .............................
p h e n y l  e t h y l  a c e t a t e

8 p a r t s  
1 p a r t  
1 p a r t
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TAB IE V

*

BATTERY E -  The co m p o sitio n  o f  a b a t t e r y  d esign ed  t o  t e s t  th e  e f f e c t
o f  DDT on th e  a t t r a c t a n t  or r e p e l le n t  v a lu e  o f in g r e d ie n ts
o f  in s e c t ic id e s *

Re p 1 Rep 2 R ep 3 Rep I* fcS ateria l 30 c c A d d a tiv e  10 cc

E 1 E 21 E 1*1 E 61 K erosene ( r e g u l a r  ru n )  
F u e l  O il  No. 1 1 DDT S o lu t io n

E 2 E 22 E 1*2 E 62 K erosene ( o d o r l e s s ) DDT S o lu t io n
E 3 E 23 E 1*3 E 63 F u e l  O il  No. 2 DDT S o lu t io n
E I* E 21* E 1*1* E 61* S o lv e n t DDT S o lu t io n
E 5 E 25 E 1*5 E 65 V e ls i c o l  AR 50  (B -18756) DDT S o lu t io n
E 6 E 26 E 1*6 E 66 V e ls i c o l  AR 55 DDT S o lu t io n
E 7 E 27 E 1*7 E 67 V e l s i c o l  AR 60 DDT S o lu t io n
E 8 E 28 E 1*8 E 68 Vapona D-l*3 DDT S o lu t io n
E 9 E 29 E 1*9 E 69 Benzene DDT S o lu t io n
E 10 E 30 E 50 E 70 X ylene DDT S o lu t io n
E 11 E 31 E 51 E 71 Deobase DDT S o lu t io n
E 32 E 32 E 52 E 72 S o v ac id e  s / v  51*1*-B DDT S o lu t io n
E 13 £ 33 E 53 E 73 S o v ac id e  s / v  51*1*-C DDT S o lu t io n
E 11* E 31* E 51* E 71* Sun S o lv e n t DDT S o lu t io n
E 15 E 35 E 55 E 75 I n s e c t i c i d e  b a s e  ( S h e l l ) DDT S o lu t io n
E 16 E 36 E 56 E 76 E -l* 0 7 R (S h ell) DDT S o lu t io n
E 17 E 37 E 57 E 77 U ltra c e n e DDT S o lu t io n
E 18 E 38 E 58 E 78 Cy c 1 ohexanone DDT S o lu t io n
E 19 E 39 E 59 E 79 2 S ta n d a rd  b a i t
E 20 E 1*0 E 60 E 80 B npty Check

1 .  The DDT s o l u t i o n  w as made by  d i s s o l v i n g  52 grains o f  t e c h n i c a l  
DDT i n  100  c c  o f x y l e n e .  Ten cc o f  th e  s o l u t i o n  was added  t o  
30 cc o f  t h e  t e s t  m a t e r i a l .

2 .  F o rm u la i

a n e th o l .................................................8 p a r ts
e u g e n o l.................................................1 p a rt
p h en y l e t h y l  a c e t a t e ..................1 p a rt
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TABLE VI

\

BATTERY F -  The c o m p o sit io n  o f  a  b a t t e r y  d esig n ed  t o  t e s t  th e  a t ­
t r a c ta n t  or r e p e l le n t  v a lu e  o f th e  k i l l i n g  a g e n t used
in  c e r t a in  i n s e c t i c i d e s .

Rep 1 Rep 2 Rep 3 Rep 1* M a te r i a l A d d a tlv e

F 1
F 2

F 3 

'F'k  

F 5

F 6 

F 7

F 6

F 9

F 10 
F 11

F 12

F 13

F l i t

F 15

F 16 
F 17
F 18

F 19 
F  20

F 2 1  F 1*1 F 61
F 22 F 1+2 F 62

F 23 F 1*3 F 63

F 21* F l t l t  F 61*

F 25 F 1*5 F 65

F 26 F 1*6 I  66

F 27 F 1*7 F 67

F 28 F 1*8 F 68

F 29  F 1*9 F 6 9

F 30 F 50 F 70
F 31  F 51 F 71

F 32 F 52 F 72

F 33 F 53 F  73

F 31* F 51* F 71*

F 35 F 55 F 75

F 36 F 56 F 76
F 37 F 57 F 77
F 38 F 58 F 78

F 39 F 59 F 79
F 1*0 F 60 F 80

T oxaphene (50%) H e rc u le s  
T axaphene T ech. 10 gms.

Toxaphene T ech . 10 gms.

l in d a n e  (1 0 0 # ) (O rth o )
10 gm s.
B HC (HCH) (H igh Gamma)

BHC (1 1 .2 # )  (gamma)

BHC (1 1 .2 # )  (gamma)

L ie th o x y ch lo r (50# )
(?,Jar l a t e  )
P a r a th io n  (10#) 10 cc

F a r a th io n  (10#) 1*0 cc 
V e l s i c o l  (1068) T e c h n ic a l  
1*0 cc
C h la rd a n e  (1*8#) (O c ta -K lo r )  
1*0 cc
C h la rd a n e  (100#) (O c ta -K lo r ) 
1*0 cc
C h la rd a n e  (100#) (O c ta -K la r )  
10 c c
A ld r in  (2 3 # ) (Compound 1 1 8 ) 
1*0 cc
R h o th an e  1*0 cc  
Fenphane (EC-70) 1*0 cc 
P y r e th o l  I n d u s t r i a l  S p ra y  
( .2 9 # )  1*0 cc  
S ta n d a rd  b a i t  
Empty

j  30 c c  
m in e ra l  o i l  / 30 cc 
X ylene 
t  30 cc 
X ylene 
ft 1*0 cc 
X ylene / 1*0 cc 
X ylene 
/ 1*0 cc 
m in e r a l  o i l  
-f 30 cc 
X ylene 
/  30 c c  
2y lene

/  30 cc  
X ylene
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TABLE V II

JAPANESE BEETLES COLLECTED FRCfc BATTERY A -  1950 SEASON

Test Material Sum Percent

1 Kerosene (regular run) Fuel Oil No. 1 972 .6 7

2 K erosene  ( o d o r l e s s )  1303 .9 0

3 F lie l  O i l .  No, 2 919 .6 3

1* S o lv e n t  855 .5 9

5 V e l s i c o l  AR 50 (3 -1 8 7 5 6 ) 71*2 .5 1

6 V e l s i c o l  AR 55 71*6 .5 1

7 V e l s i c o l  AR 60 582 .1*0

8 Vapona D-k3 11*05 • 97

9 Benzene ll*25 .9 9

10 X ylene 1073 .71*

11 D eobase 11*36 .9 9

12 S o v a c id e  s / v  51*1+—B 951 .6 6

13 Sovacide s/v 51*1*—C 801* .5 5

11* Sun Solvent 810 .5 6

15 I n s e c t i c i d e  b a se  ( S h e l l )  1809 1 .2 5

16 E-1*07R ( S h e l l )  1320 .9 1

17 U lt r a c e n e  2168 1 .5 0

18 Cyc lohexam one 3810 2.61*

19 Standard Bait - 8 parts anethol; 1 part
e u g e n o l ;  1 p a r t  p h e n y l e t h y l  a c e t a t e  118,1*61* 8 2 .3 8

20 Empty 2 ,1 9 6  1 .5 2

T o ta l  11*3,792 9 9 .6 7 $
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TABIE V III

JAPANESE BEETLES COLLECTED FRCM BATTERY B -  1950 SEASON

/

T e s t  M a te r ia l  Sum P e rc e n t

1 LtLneral o i l 181*8 1 .0 9 5

2 i i n e r a l  o i l  ( e x t r a  heav y ) 2176 1 .2 9 0

3 L l s t o l  ( l i g h t ) 121*8 .71*0

1* A tla s  Span 65 (B a tch  2097A) 1201* .7 1 3

5 A t la s  G-1276 (B a tch  3915 A) 1226 .7 2 6

6 A tla s  Twreen 20 (B a tch  55k A) 11*35 .8 5 0

7 A tla s  Span 20 (B a tch  2352 A) 3262 1.931*

8 T r i to n  X-100 1L37 .852

9 A tla s  G-1276 (B a tch  3072) 1306 .771*

10 A t la x 1213 .7 1 9

11 E th o f a t  21*2/25 ( l o t  1*51) 13k5 .7 9 7

12 E th o n een  s /1 5  ( l o t  1*36) 11*05 .8 3 3

13 Arqua 0 -2 C ( l o t  6297) 21*36 1.1*1*1*

u* T en lo  -  1*00 ( G r i f f i n ) 1728 1.021*

15 N o n iso l -  210 ■311*6 1 .865

16 L ite  r i t e  T 31*1*2 2 . o i a

17 fcie thaxych lcr ($0%) 10 gms /  30 cc m in e ra l  
o i l 2056 1 .2 1 9

18 L indane 10 gms /  30 cc  m in e r a l  o i l 3197 1 .8 9 5

19 S ta n d a rd  b a i t 130 ,565 77.1*22

20 Empty 2961* 1 .7 5 7

T o ta l  168 ,6 3 9  9 9 .9 9 0%
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TABLE IX

JAPAISSE BEETLES COLLECTED FRCfci BATTERY C -  1950 SEASON

Test Material Sum Percent

1 K erosene  ( r e g u l a r  ru n ) 20,761* 2 .9 6 0

2 K erosene  ( o d o r l e s s ) 6 5 ,8 6 7 9 .3 9 3

3 F u e l  C l l  No. 2 1 3 ,9 5 h 1 .9 8 9

1* S o lv e n t 1*8,076 6.851*

5 V e l s i c o l  AR 50 6,61*9 .91*7

6 V e l s i c o l  AR 55 9 ,0 3 3 1 .2 8 7

7 V e l s i c o l  AR 60 6 ,6 7 8 .9 5 2

8 V apon ia  D-l*3 52 ,1*63 7,1*79

9 B enzene 7 9 ,3 7 1 1 1 .3 1 6

10 X ylene 6 3 ,6 7 7 9 .0 7 8

11 D eobase 71*, 81*0 1 0 .6 7 0

12 S o v a c id e  51*1*-E 8 ,9 6 9 1 .2 7 8

13 S o v a c id e  5U*-C 6 ,3 8 9 .9 1 0

Hi Sun S o lv e n t 3,901* .5 5 6

15 I n s e c t i c i d e  Base ( S h e l l ) 5 2 ,7 1 6 7 .5 1 5

16 E-1*Q7 R ( S h e l l ) 8 ,9 7 0 1 .2 7 8

17 U lt r a c e n e 5 5 ,6 6 7 7 ,9 3 6

18 C yclohexanone 18,1*26 2 .6 2 7

19 S ta n d a rd  b a i t  -  6 p a r t s  a n e th o l ;  1 p a r t  
e u g e n o l;  1 p a r t  p h e n y l  e th y l  a c e t a t e 9 9 ,1 7 0 11*. 139

20 Em pty 5 ,7 9 3 .8 2 5

T o ta l 701 ,3 9 0 99.9895
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TABIE 1

- JABINESE BEETIES COLLECTED SROL' BATTERY D - 1950 SEASON 

Test Material Sum Percent

1 LSLneral o i l 2 0 ,2 7 1

2 M n e r a l  o i l  (H eavy) 1 5 ,0 6 9

3 U s t o l *

1* A t la s  Span 85 (2097A) *

5 A t la s  G-1276 (B a tc h  391*5A) 18,1*91

6 A t la s  Tween 20 (B a tc h  551*A) *

7 A t la s  Span 20 (B a tch  2352A) f t

6 T r i t o n  X-10Q 2 0 ,0 3 5

9 A t l a s  G-1276 (B a tc h  3072) f t

10 Atlooc 2 1 ,8 2 6

11 E th o f a t  21*2/25 1 2 ,8 2 6

12 E th o n een  S /1 5 1 5 ,8 1 6

13 A rquao  0 -2 c 2 ,8 6 7

1 U T enlo-l*00 *

15 N o n iso l 210 *

16 L i t e r i t e  T ■»

17 R ho thane  10 c c  /  30 cc  x y le n e 1 ,1 2 2

18 Penphene 10 cc  /  30 cc x y le n e 1 ,7 5 5

19 S ta n d a rd  b a i t 81*,033

20 Empty 2 ,7 5 5

2 1 6 ,2 0 8

ft D a ta  In c o m p le te  b e c a u se  o f  s h o r ta g e  o f  t e s t  m a t e r i a l .
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TABIE I I

JAPANESE BEETIES COLLECTED FROM BATTERY E -  1950 SEASON

\
Test Material Sum Percent

1 K erosene ( r e g u la r  r u n )  F u e l  O il  No. 1 9lt0 .7 H |

2 Ker osene ( o d o r le s s  ) 189o 1.11*1

3 F u e l  Ctil No. 2 669 .508

h S o lv e n t 1*80 .361*

5 V e l s i c o l  AR 50 (B -18756) 1*22 .320

6 V e l s i c o l  AR 55 535 .1*06

7 V e l s i c o l  AR 60 5“8 .393

8 V apona D-l*3 1016 .771

9 Benzene 8lt5 .61*1

10 X ylene 862 .651*

11 D eobase 860 .653

12 S o v a c id e  s /v  5 i|ii-3 781 .593

13 S o v a c id e  s / v  51*lt**C 626 .1*75

lit Sun S o lv e n t 559 .1*21*

15 I n s e c t i c i d e  Base ( S h e l l ) 1690 1.283

16 E-U07 R ( S h e l l ) 1181* .899

17 U ltra c e n e 1867 1.1*18

18 Cy c lo h e  xanone 1615 1.226

19 S ta n d a rd  b a i t  -  8 p a r t s  a n e th o l ;  1 p a r t  
e u g e n o lj  1 p a r t  p h e n y l e t h y l  a c e ta te 110,000 83.551*

20 Empty 1*,281* 3.251*

T o ta l 131,651 99.991
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TABI£ X II

JAPANESE BEETLES COLLECTED FRCU BATTERY F -  1950 SEASON 

T e s t  M a te r ia l  Sum P e rc e n t

1 Toxaphene (50$ ) (H e rc u le s ) 5936 2.01*9

2 Toxaphene T ech. 10 gms. by w e ig h t 1*983 1 .7 2 0

3 Toxaphene T ech. 10 gins, b y  w e ig h t 1576 .51*1*

1* LLndane (100$) (O rth o )  10 gms. 11*53 .5 0 1

5 3KC (HCH) (H igh Gamma) 1131 .390

6 3HC (1 1 .2 $ )  (gamma) 121*3 .1*29

7 BHC (1 1 .2 $ )  (gamma) * 1879 .61*8

8 E e th o x y ch lo r  (5 0 $ ) (M a r la te )  10 gms. 2008 .6 9 3

9 P a r a th io n  (10$) 10 cc 629 .2 1 7

10 P a r a t  h i  on (1 0 $ ) 1*0 cc 81*1* .2 9 1

11 V e l s i c o l  (1068) T e c h n ic a l  1*0 cc 2126 .731*

12 C h lo rdane  (1*8$) (O c ta -K la r ) 1*0 cc 271*9 .91*9

13 C h lo rdane  (100$) (O c ta -K lo r ) 1*0 cc 1*336 1.1*97

Hi C h lo rdane  (100$) (O c ta -K lo r)  10 cc 271*2 .91*6

15 A ld r in  (23$) Compound 118 1*0 cc 3227 1.1U*

16 R hothane 1*0 cc 1916 .6 6 1

17 ftenphene (EC-70) 1*0 cc 1*852 1 .6 7 5

18 f ^ r e t h o l  I n d u s t r i a l  S p ray  ( .2 9 $ )  1*0 cc 8209 2.831*

19 S ta n d a rd  b a i t 232,91*8 80,1*1*1

20 Empty 1*799 1 .6 5 7

T o ta l  289 ,586  9 9 .990
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TABLE Xlll* A Graph Of Par cant ages Of Baatlas Caught 
By Commarcial Ingttdlants o f  Insa cticida* (Battery A) 
© 50
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TABLE XIV* A Graph Of Percentages Of Beetles Caught 
By Commercial Grade Ingredients Of Insecticides (Battery B  ̂
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TABLE XV* A Graph Of The Percentage* Of Beetles Caught 
By Commercial Ingredients Of Insecticides Plus Standard Balt
( battery C ) 1950

15*0

14*0

13*0

12*0

11*0

10*0
LU
0  9*0

g e o
o
0:7-0
i da.

6*0

5*0

4*0

3.0

20 

i*cd J

£
0

o*

check
level

M31314!

*

I 2  3 4 5  6 7  8  9101112131461617181920 
Tesf Ingredient



26

1ABLE XVI* A Graph Of Tht Percentages Of Beetles Caught 
0y Commercial Ingredients Of Insecticides With DDT- 
( Battery E) 1950
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Discussion of Results for 1950
;

The original experiment was designed in the spring of 1950 and
/

the field work performed and the data collected during the summer* In 
the course of analysis during the winter of 1950-51, it was discovered 
that an analysis of variance could not be made. It was noticed that 
the daily rotation of the samples to overcome placement effect had 
heen in an orderly pattern instead of in a random manner. As a re­
sult, the standard attractant bait was always in the same relation 
to the two adjacent materials in the series, and the experimental 
error was so great that an analysis of variance was meaningless.
These data were analvzed on a percentage basis, and the most premis­
ing of the test materials were seleM-./d far testing in a new experi­
ment in the summer of 1951*

The result obtained in the summer of 1950 were based on a study 
of i±32 samples involving approximately 1,655,216 Japanese beetles.
The response to the tested materials is summarized by batteries in 
Tables VII to XII inclusive. The data are presented graphically in 
Tables XIII to XVII inclusive.

The Response of the Japanese Beetle to Certain Ingredients of 
Insecticides. The data presented in Tables VII and VIII indicate 
that none of the ingredients under test was highly attractant to the 
Japanese beetle when compared with the standard attractant.

The trap containing the standard attractant collected 82.38$ of 
all beetles entering Battery Aj the most attractant of the test 
materials was cyclohexanone, a synergist, which attracted 2,61$ of



the beetles. In Battery B, the standard attractant drew 77.1|2% of the 
beetles entering the battery; the most attractant test material was 
Literite T, an emulsifier, which attracted 2.QJ4% of the beetles enter­
ing the battery. The repellent values of the ingredients were tested 
by comparing the percentage of beetles caught by the ingredients with 
the number of beetles caught by an empty check. In battery A, the 
empty check caught 1.52%' of the beetles; 16 of the test materials 
caught less beetles than the empty check. In Battery B, the empty 
check caught 1.75%; lii of the test materials caught less beetles than 
the empty check.

The Response of the Japanese Beetle to the Test Ingredients with 
a Standard Attraetant Added. Iflfhen four cc of a standard attractant 
was added to 36 cc of each of the test materials, a clearer line was 
drawn between the attractant and repellent values of tne materials.
The results are shown graphically in Table XV. The standard attractant 
collected the greatest percentage of the beetles; but in Battery C 
(Tables IX and IVJ the standard attractant collected lii.13% of the 
battery total catch as compared with 82.36% in Battery A. It was 
reasoned that if a test material v?as neutral per se then the addition 
of the attractant would greatly increase the catch of beetles* If 
a test material was attractant per se the catch of beetles would be 
increased in proportion to the amount of standard attractant added.
If a test material was repellent the catch of beetles would be re­
duced in proportion to the masking effect of the attractant. Of the 
materials tested in Battery C, the solvents (bee Table XV) odorless 
kerosene, "Solvent," benzene, xylene, deobase, Shell Insecticide Base



30

and Ultracene wore neutral ingredients as the Japanese beetle did not 
respond in either a negative or positive manner. The solvents, regu­
lar run kerosene, fuel oil No. 2, Velsicol AR 50* Velsicol AR 55> 

Velsicol AR 60, Sovacide 5Wt“B, Sovacide 5lUi-C, Sun solvent, and 
Shell E-l+07 were repellent ingredients.

The supply of some ingredients used in Battery D were exhausted 
before the experiment was completed. As the data were incomplete for 
this battery it was not included in the study of the results.

The Response of the Japanese beetles with DDT Added to the Test 
Ingredients. Since DDT was the killing agent most commonly used in 
spraying canning corn, a test was made to determine if this was in­
fluencing the behavior and feeding habits of the Japanese beetles in 
the corn fields. One part of a solution, made by dissolving 5>2 grams 
of technical DDT (100^) in 100 cc of xylene, was added to three parts 
of each of the test ingredients in Battery E. The results of these 
tests are presented in Tables XI and XVI. The results are not con­
clusive. 151 th DDT added the beetles responded very much as they did 
to the test ingredients alone. A percentage graph (Table XVI) of the 
results differed very little from a percentage graph of the ingredient*
t e s t e d  I n  c o m m erc ia l f o r m u la t io n  ( T a b le  X I I I  ) •

The Response of the Japanese Beetles to Some of the Newer Insecti­
cides. Battery E was used to test 18 samples of nine of the newer 
organic insecticides. The insecticides were tested in the commercial 
formulation if they were liquids. If they were solids, they were dis­
solved in xylene or mineral oil and the resulting liquid samples were 
tested. The results of these tests are presented in Tables XII and
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XVII# The insecticides were repellent to the Japanese beetle although 
toxaphene and ^rethol Industrial Spray were slightly more attractive 
than the empty check. Lindane, methoxychlor, pa rath ion, and Rhothane 
were the most repellent of the materials tested.

Conclusions from the 1950 Season

1. The solvents, odorless kerosene, an unnamed "solvent," ben­
zene, xylene, deobase, Shell insecticide base, Ristol, Ultracene, 
regular run kerosene, fuel oil No. 2, Velsicol AR 50, Velsicol AR 55j 
Velsicol AR 60, Solvacide Sovacide $ kh -0 , Sun solvent, and
Shell E-U07 R were repellent to the Japanese beetle.

2. The insecticides Vaponia D-̂ 3, lindane, benzene hexachloride, 
methoxychlor, parathion, and Rhothane were repellent to the Japanese 
beetle.

3. The insecticides toxaphene and Pyrethol Industrial spray 
were slightly attractant to the Japanese beetles.

lj. The emulsifiers Atlas Span 85, Atlas Tween 20, Triton X-100, 
Atlas G-1276, Atlox, Ethofat 2UZ/US, Ethoneen S/15 and Tenlo-UOO v/ere 
repellent to the Japanese beetle.

5. The emulsifiers Atlas Span 20, Nonizol 210, and Literite T 
were sli^itly attractant to the Japanese beetle. .
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Methods and Materials Used in 1951
I

The insecticide ingredients which produced the strongest response, 
whether negative or positive, in the experiments of 1950 were used as 
the basic materials for a continuation of the tests in the summer of 
1951* The fundamental requirements of a well planned experiment are 
that it should yield a comparison of the different treatments and that 
it should provide a means of testing the significance of any observed 
differences. Anonymous (7) The experiment was designed for treating 
data obtained by an analysis of variance.

The question to be answered was* Do insecticides or any ingredi­
ents of insecticides attract or repel Japanese beetles? To answer
this question three experiments were built on a group of 12 solvents,
three emulsifiers and a check. The test materials were all ingredi-

common in the insecticide field today. They werei

No. Name Ijrpe
1 Sun Solvent Solvent
2 Velsicol AR 50 Solvent
3 Velsicol AR 60 Solvent
h Kerosene Solvent
5 Fuel Oil No. 2 Solvent
6 Shell Solvent (E-i*07 R) Solvent
7 Shell Insecticide Base Solvent
8 Shell Helix Superior Oil Solvent
9 Sovacide s/v 5^4-B Solvent
10 Xylene Solvent
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No. Name Tjrge
'11 Sova Spray No. 2 Solvent
12 Deobase Solvent
13 Atlas G-1276 Emulsifier
lit Etncol 7h Emulsifier
15 Eracol 77 Qnulsifier
16 Empty bottle Check

The three experiments were i
(1) The response of the Japanese beetle was tested to in-
gredients of insecticides in commercial formulations .
(2) The response of the Japanese beetle to 36 cc of the :
gredient with li cc of a standard attractant was tested.
(3) The response of the Japanese beetle to 36 cc of the in­
gredient with ^ cc of a solution made by dissolving $2 grains
technical DDT (1OO/0 in 100 cc of xylene was tested.
The ingredients to be tested were exposed in standard bait traps 

arranged in randomized plots, and the response of the Japanese beetle 
to various materials was studied to determine which ingredients, if 
any* had attractant or repellent effect on the Japanese beetles.

In this experiment there are at least three independent sources 
of variance; these are location, treatment, and random err car. It was 
known from the beginning of the experiment that the location of the 
tests, the direction of the wind, and the fluctuations of temperature 
would cause variation in the distribution of the test insects in the 
experimental area. Therefore, in order to obtain a more accurfte
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estimate of the variance due to location, each test material was rep- 
llca,ted four times. Replication reduces the experimental error, and 
it provides an estimate of the size of the error. The second source 
of variance is due to the difference in the test materials. Replica­
tion helps to secure an estimate of this variance. Ihe third source 
of variance is that due to uncontrolled or unknown factors, and this 
is knovn as random or experimental error.

The field arrangement of the experiments for the summer of 1951 
is shown in Figure 3* order to minimize experimental error caused 
by location, and to confine the experiments to as small an area as 
possible, the replicated groups of test ingredients were arranged as 
a rectangle. The ingredients within the groups were randomized at 
the beginning of the experiments. A new randomization of the ingredi­
ents within the groups was made weekly (each Saturday) throughout the 
course of the experiments. The purpose ol the random arrangement in 
the groups was to insure that no ingredient was favored; thus it pro­
vided an unbiased estimate of error. Three different treatments of 
the test ingredients were carried on simultaneously as part of the 
experiment. Each of the treatments was replicated four times to in­
crease the degree of ]~recision of the results. The design of the ex­
periment is a form of randomized block trial; that is, the arrangement 
of the ingredients within the block and within the group is left 
purely to chance rather than arranged by a systematic plan which is 
apt to introduce error. Although the randomized block method of 
design controls the greater part of the variance due to location, it 
does not control all. Some random error still remains. Some reliable
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estimate of this randan error must be made before a reliable compari­
son between the test ingredients can be made. This estimate of the 
randan error was made by subjecting the data to an analysis of variance. 
"The analysis of variance consists essentially of taking the total 
variation and apportioning it to various known causes, leaving a resi­
dual portion ascribed to uncontrolled variation and therefore called 
experimental error," (Stark)8#

The locations of the various parts of the experiments in f igure

A test of the ingredients 
in commercial formulations 
(oil samples)

3 are as followst
Group Replicate

A s  1

D = 2
G = 3
K -  k

B — 1

E = 2
H - 3 A test of the ingredients
L z  U with DDT added. (61t samples)

C - 1
F - 2 a test of the ingredients
J - 3 with standard attractant

- U added. (61* samples)
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Group Replicate

N A group of 68 empty traps.

P A g roup  o f  16 sam ple s  o f

standard attractants.

The experiments were conducted in a large pasture area at the 
University of Maryland Experimental Farm. The first data were taken 
on July 9, 1951* and the last on August 18, 1951. The experiments 
were ended because the number of Japanese beetles flying was so small 
that continuation of the experiments was not justified. In the 
summer of 1951 the three experiments involved 692 samples and approx­
imately 231*980 Japanese beetles.
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FIGURE 3* Tht Arrangement Of The Experimental Traps 
In ,The Reid- 1951
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TABLE XVIII* A Graph Of Tha Numb* Of Bgetto Caught
By Commercial Grade Ingredients Of Insecticides*
( Group A - D - G -K  ) 1951
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TABLE XIX- A Graph Of The Number Of Beetles Caught
By Commercial Grade Ingredients Of Insecticides With DOT
( Group B-E-H-L  ) 1951
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TABLE XX* A Graph Of The Number Of Beetles Cought
By Commercial Grade Ingredients Of Insecticides Plus
Standord Bait- ( Group C -F - J -M )  1951
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TABLE XXX
/

Data from Group A-D-G—K. A test of the attractant or repellent 
qualities of commercial ingredients of insecticides*

Total beetles Ingredient Sum
1 Sun Solvent 2102 Velsicol AR 50 11*1
3 Velsicol AR 60 121
1* Kerosene 165
5 Fuel Oil No. 2 11*86 Shell Solvent (E-l*07 R) 210
7 Shell Insecticide Base 1*058 Shell Helix Superior Oil 1*159 Sovacide s/v 51*1*-B 13310 Xylene 27511 Sova Spray No. 2 1*60
12 Deobase 1*30
13 Atlas G-1276 276
u* Emcol 71* 321*
15 Eincol 77 270
16 Etopty bottle check 1*58

Sum

Difference required for significance between treatment totals at 5 
per cent level 155. 732

Source of Variation D/F Sum of Squares Variance
Total 63 97,501.235
Treatments 15 57,268.235 3,817.882 5.106
Replicates 3 6,585.922 2,195.307 2.936
Error 1*5 33,61*7.078 71*7.712



1+2

TABLE XXII

, Data from Group B-E-H-L. A test of the attractant or repellent 
qualities of the commercial ingredients of insecticides with DDT 
added.

Material Sum
1 Sun Solvent 3022 Velsicol AR 50 191
3 Velsicol AR 60 1671+ Kerosene 351
5 Fuel Oil No. 2 263
6 Shell Solvent (E 1+07 R) 2387 Shell Insecticide Base 51+0
8 Shell Helix Superior 392
9 Sovacide s/v 51+1+-S 23510 Xylene 31+611 Sova Spray No. 2 Ho 612 Deobase 539
13 Atlas G-1276 1+23
11+ Emcol 7i+ 399
15 Emcol 77 390
16 Empty check 1+21

Sum 5610

Difference required for significance between treatment totals at 5 
per cent level 186.1+15

Source of Variation P/F
Total 63
Treatments 15
Replicates 3
Error 1+5

Sum of Squares Variance F
9?,?22.1+3c -----  ---
1+9,221+.U 6  3,281.629 3.063
2,1+98.563 • 832.851+ .7771+8,199.1+37 1,071.098 -
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TABLE XXIII
' Data from Group C-F-J-l£. A test of the attractant or repellent 

qualities of the commercial ingredients of insecticides with a 
standard bait added.

Material Sum
1 Sun Solvent 81*60
2 Velsicol AR 50 169U
3 Velsicol AR 60 1188
h Kerosene 6219
5 Fuel d l  No. 2 35396 Shell Solvent (E-i*Q7 Rj 28037 Shell Insecticide Base 15,6818 Shell lielix Superior Oil 73339 Sovacide s/v 5U4-E 3600
10 Xylene 735811- Sova Spray No. 2 725512 Deobase 15,108
13 Atlas G-1276 391511* Bmcol 7h 1*296
15 Emcol 77 652716 Empty check 879

Sum 95,855
Difference required far significance between totals at 5 percent 
level 725.1+29

Source of Variation
Total
Treatments
Replicates
Error

p/F Sum of Squares
63 80,167,600.5
15 71,111*,817.73 1,725,581.8
hS 7,327,201.0

Variance F

U,7U0,735.007 29.135 
575,193.933 3.532162,826.668 ---
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Figure 5. A Standard Japanese Beetle Trap Used in 
the Experiment*



Discussion of Results for 1951
t

The Response of the Japanese Beetle to Certain Ingredients of 
Insecticides in Commercial Formulations, The response of the 
Japanese beetles to the test ingredients is presented graphically in 
Table XVIII, In this graph none of the ingredients under test were 
attractant to the Japanese beetles; only one ingredient, Sova Spray 
Wo. 2, caught as many beetles as the empty check trap, host of the 
ingredients were repellent to the beetles as they avoided the ingred­
ients more than the empty check trap. These observed results were 
examined statistically by analysis of variance, and the results are 
presented in Table XXI. Of the solvents tested, Sun Solvent, Velsicol 
AR 50, Velsicol AR 60, kerosene, fuel oil No. 2, Shell Solvent (E U07R) 
Sovacide s/v and xylene were significantly repellent to the
Japanese beetle. The emulsifiers Atlas 0-1276 and Emcol 77 were sig­
nificantly repellent. Shell Insecticide Base, Shell Helix Superior 
Oil, Sova Spray No. 2, and deobase were neither significantly repel­
lent or significantly attractant and were therefore considered as 
neutral materials to which the Japanese beetles did not respond.

The significant repellency shown by xylene at the 5% level was 
unexpected. Because xylene had been considered a ttneutral solvent,** 
it was used as the carrier in which technical DDT (10Q£) was dissolved 
to provide the solution in the test of DDT effects. However, as the 
DDT-xylene solution was used in the same proportion in each sample of 
the test group, it is believed that any experimental error produced
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by it would be equally distributed throughout the experiment.
'The Response of the Japanese Beetle to the Test Ingredients with 

10 cc of a Solution Composed of 52 grams of Technical DDT Dissolved 
in 100 cc Xylene Added. The insecticide dichloro diphenyl trichloroe- 
thane or DDT, as it is commonly abbreviated, is the insecticide most 
widely used for treating corn to protect it from the Japanese beetle.
Is it possible that DDT is attractant or repellent in itself to the 
Japanese beetle, or does DDT act as a synergist when used as the 
killing agent in an insecticide?

A group of 16 test materials, of the same ingredients as used in 
Groups A-D-G-K of the experiment, v;ere formulated by adding to each 
sample 10 cc of a solution of 52 grams of technical LET (100̂ ) dis­
solved in 100 cc of xylene, to 30 cc of the test ingredient. These 
data are presented graphically in Table XIX and the results of the 
statistical analysis shewn in Table XXII. In Table XIX, Shell Insecti­
cide Base and deobase were attractant to the Japanese beetle; Velsicol 
AR 50, Velsicol AR 60, Shell Solvent (E-h07 R) and Sovacide s/v 5Uii-3 
were repellent to the Japanese beetle. In Table XXII Velsicol AR 60, 
Velsicol AR 50, and Sovacide s/v 5U+-B were significantly repellent. 
VShen the data of Table XXII are compared with the data of Table XXI, 
seven of the test ingredients that were repellent In Groups A-D-G-K 
are not repellent in Groups B-E-H-L where DDT was added. DDT has some 
attractant value. This is further borne out by a comparison of 
Table XVIII, the test ingredients without DDT, and Table XIX, the 
test ingredients plus DDT. The Japanese beetle response was con­
sistently greater to all the test materials with DDT present except to



Shell Helix Superior Oil and Sova Spray No. 2. TShether DDT was at­
tractant itself or was serving as a synergist could not be determined 
as a sample of technical DDT (100^) was not included. Further re­
search is necessary before the exact response of the Japanese beetle 
to DDT is determined.

The Response of the Japanese Beetle to 36 cc of a Test Ingredient 
with It cc of a Standard Attractant Added. The response of the Japa­
nese beetle to the ingredients under test, when a standard attractant 
was added to each in the ratio of four cc of attractant to 36 cc of 
the test ingredient, was investigated. The purpose in adding the 
standard attractant was to clarify whatever attractant or repellent 
qualities existed already. It was believed that the standard attrac­
tant would only make an ingredient that possessed attractant proper­
ties more attractant; if an ingredient was repellent, the repellent 
would modify the action of the standard attractant.

The results obtained are presented graphically in Table XX and 
statistically in Table XXIII. As would be expected, the Japanese 
beetles responded to the standard attractant in a most positive 
manner as shown by the increase in the number of beetles coming into 
the test ingredients. The Japanese beetles responded to the commer­
cial ingredients, Shell Insecticide Base and deobase, in large numbers 
this bears out the supposition that these two materials were neutral 
in effect. The remaining 13 test materials were repellent. The most 
pronounced repellent responses were sho Velsicol AR 60, Velsicol
AR 50, Shell Solvent E-I4O7 R, fuel oil No. 2, Sovacide s/v and
Atlas G-1276 In the descending order of repellency.
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conclusions irom the 1951 season
f

1. The solvents 1 Sun solvent, Velsicol AR 50, Velsicol AR 60, 
kerosene, fuel oil No. 2, Shell Solvent JZ^hO? R, Sovacide s/v 55i±-B, 
and xylene were significantly repellent to the Japanese beetle.

2. The emulsifiers* Atlas G-1276 and Emcol 77 were significant­
ly repellent to the Japanese beetles.

3. Otf the tested materials, Shell Insecticide Base, Shell Helix 
Superior Oil, Sova Spray No. 2, and deobase were neutral in appeal
to the Japanese beetle.

It. YTlth DDT added to the test series only Velsicol AR 60, Vel­
sicol AR 50, and Sovacide s/v 5W+-B were significantly repellent.

5- The Japanese beetle response was consistently greater to the 
test material with DDT present except for Shell Helix Superior Oil 
and Sova Spray No. 2.

6. DDT was an attractant of a low order to the Japanese beetle.
7. The addition of a standard attractant to the test ingredi­

ents had only a relative effect in the response of the Japanese
beetle. The test ingredients with standard attractant added were
repellent, with the exception of Shell Insecticide Base and deobase.
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TEST OF INGREDIENTS ON CANNING C ® N  (1951)
t

A second phase of the experiment in 1951 was the testing of the 
attractant or repellent value of the ingredients by applying them to 
canning corn in various stages of maturity. This was done in the 
following experiment.

A ten acre field of canning com in which the Japanese beetles 
were feeding was selected. Check plots of 100 plants were selected 
and marked by red tags tied at the four corners of the plots. Simi­
lar plots of 100 plants so marked were selected and sprayed with one 
of the test formulations. A three gallon portable knapsack sprayer 
was used to apply the spray. The plant was sprayed thoroughly with 
especial attention paid to the tips of the silking ears. The exper- 
ment was begun when the ears were in the early silk stage and the 
sprays were applied at intervals so that the last sprays were applied 
in the late silk stage of ear development. Six solvents and three 
emulsifiers were each mixed at a ratio of l£ pints of solvent or emul­
sifier to 32 pints of water and applied to 100 plants in tests B. In 
test D the same test materials were applied but to corn in mid-to-late 
silk and at a ratio of one pint of solvent or emulsifier to 16 pints 
of water. In tests A and C the same test materials were applied but 
at a ratio of one pint of solvent or emulsifier plus 27 grams of $0% 

DDT wet table powder in 32 pints of water. In tests El, 3» and 5 the 
formulation was one pint of a solvent, plus two ounces of Atlas G-1276 
at a ratio of 16 pints of water. The number of beetles feeding in
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the check plots and in the test plots were counted at 2U> i*8, and 72 
hour intervals after the sprays were applied. The ingredients tested 
and the results are shown in Table XXIV through Table XXV117. Repli­
cation of these tests were not made.

DISCUSSION

An examination of the results shows the extremely erratic be­
havior of the Japanese beetle. The number of beetles varied widely 
in the check plots from day to day and from one part of the field to 
another•

The results of treatments of corn plots with formulations con­
taining excessive amounts of solvents and emulsifiers are shown in 
Tables XXIV through XXVIII.

In the tests the number of beetles in the field plots were less 
2h hours after treatment. In test plots B and D, in which the corn 
was treated with the solvent and emulsifiers, there was a notable drop 
in beetle population as compared with the numbers in check plots.
This indicates that the test materials were repellent. In the plots 
treated with Shell Insecticidal Base and deobase, the beetle popula­
tion remains relatively as high after treatment as before. The coo* 
elusion is that these two materials are neutral and do not prevent 
the beetles from returning to feed on the corn silk.

In test plots A and C, 27 grams of $0% DDT wettable powder is 
added to the same solvents and emulsifiers tested in test plots 
B and D. The results obtained are shown in Tables XXIV and XXVI.
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The most obvious result was that DDT was an effective insecticide far 
killing Japanese beetles. After 72 hours the number of beetles in 
the test plots were few. YSks this due to the insecticidal effect of 
DDT or was it a repellent effect? The answer is not clear. In only- 
one test plot, C, was there an increase in beetles after treatment 
with DDT- This might indicate that low population is due to insecti­
cidal effect of the DDT plus the repellent effect of the solvent.

In test plots E, the effect of Atlas G-1276, an emulsifier, on 
the solvents is shown in Table XXVIII. The number of beetles involved 
is not large, but in two of the three plots treated with Atlas G-1276 
there is a substantial reduction in the beetle population. Atlas 
G-1276 has seemingly a strong repellent effect.

CONCLUSIONS

1. The solvents and emulsifiers tested were not attractant to 
the Japanese beetle when applied to growing canning corn. They had a 
repellent value as shown by a decrease in the beetle population in 
the sprayed plots

2. DDT is an efficient insecticide for control of Japanese 
beetles. The attractant or repellent qualities of DDT were not 
proven.

3. The emulsifier Atlas G—1276 was repellent to Japanese beetles 
entering canning corn fields to feed.



TABLE XHT. THE HSSFOISS OF JAPAIESE BlfTU SO TER IKBXDIXRTS WITH DOT APPLIED II CCMFIELD, 

(CCItI SPHAXXD II 1ARIT-TO-MID SIIX STAGE). (l95l)

10. BEETLES II CHECK PLOT HO. BEETLES II TER PLOT
♦

Dat** Btfor* Aft*r Sprajripgt B*for* Afttr Spragrlngt
Iagradlant Sprayad %>rajrlng 24 hr*. 48 hr*. 72 hr*. Spraylag 24 hr*. 48 hr*; ?2 hr*.

1A T*l*le*l IB 50
/ 01)9 Ang. 4 3 2 19 58 7 3

2A T*l*lcol A1 60
/DDT 4 3 2 19 29 2 6

3A So It acid* •/▼
544-1 / DDT 4 3 2 19 25 2 0

4A At la* 0-1276 / DDT 7 18 16 11 9 6 5

5A Ivol 74 / DOT 7 18 16 11 9 6 4

6a IbcoI 77 / DOT 7 18 16 11 14 l 3

7A ttall Ia**etlcl&*
las* / DOT 7 18 16 11 18 8 3

8A D**ha*a / DR 7 18 16 11 18 10 13

9A H*lix 8op*rior Oil 
/DDT 7 18 16 11 2 0 0

raMDLATXOIi 3 gallon* watar, 1 plat t**t aatarld and 27 graa* (50jt 1ST aattahl# povdtr) &



TABLI XXT. THI RKPOVSS Of JAP AW SI BXKfLXS TO TKT IVOHIDIIBTS APPLIED II COMF1 ELD. (CGRV 

ffHATED IV KHLT-fO-XID-glLr STAGl). (1951)

Ingredient Bates
Sprayed

VO. 211TLVS IV CHKK PICT

Before After Spraying!
Spraying 24 hr*. 48 hr*. 72 hr*.

VO. 11HL1S IV TEST PLOT

Before After Spraylngt 
Spraying 24 fare. 48 fare. 72 fare.

11 Telsieel AR 50 Aug. 3 73 84 62 60 25 15 9 25

21 Teleleel it 60 3 73 84 62 60 57 18 7 21

31 Sanreel&e */▼ 544-1 3 73 84 62 60 48 19 4 14

41 At 1m 1-1276 3 84 62 60 61 29 34 34 28

51 *eel 74 3 84 62 60 81 83 68 31 42

61 BkoI 77 3 84 62 60 81 86 23 37 70

71 Aell Insecticide
laee 3 60 81 88 58 53 171

81 Deofaase 3 60 81 88 58 66 69

91 Helix Superior Oil 3 60 81 88 63 37 58

PQHNULATIOV; 3 gallons eater and li pints test asterlal.



TABU xxn. TBK RIS>0I3J 07 JAPAXXSI BUFUS TO TIST IlMttDIIITS KITH DDT AFPLIE) II CORWIILD. 

(COIV SPRITE) II NI&-SIIX STAOl) (l95l)

10. BOTUS II CHICK PLOT 10. BI1TUS II TIST PLOT

Ingredient Data*
Sprayed

Bafara
Spraying

After Spraying: 
24 hr*. 48 hr*. 72 hrs.

Bafor*
9praylng

After Spraying* 
24 hra. 48 hra. 72 hr*

1C Talaloal AR 53
I DDT Aug. 8 66 72 86 84 206 10 8 28

2C Teleleel AR 60 
/ DDT 8 66 72 86 84 264 18 22 20

3C SotaeIda •/▼ 544-B 
/ DDT 8 66 72 86 84 294 8 0 0

4C Atla* 0-1276 / DDT 8 66 72 86 84 144 20 8 8

5C tool 74 / dot 8 66 72 86 84 264 30 14 8

6C tool 77 / DDT 8 66 72 86 84 290 18 8 10

76 Stall laaaetleld* 
laaa / DDT 8 66 72 96 84 420 76 120 132

8C Doohae* / DDT 8 66 72 86 84 194 16 4 0

9C lallz Superior Oil 
/DDT 8 66 72 86 84 206 48 34 52

JORKOLATIOI: 3 gallon* water, 1 plat teat material and 2? gram* (5$ DDT wattahl* powler)



fABLB mil. THE R1SP0VSX OT JAPAIISI BEETLES TO TIST 13® EDI BUT S APPLIED II CCRVFIILD. (GOBI 

nUUD IV MID-TO LATE-SILK STABl) (l95l)

VO. BEETLES IV CHICK PLOT VO. BEETLES II TEST PLOT

I ngradlant
Bataa
Sprayad

Bafora
flpraylig

Aftar Spraying: 2k hra. 48 bra. 72 hra.
Bafora
Spraying

Aftar Spraying: 
24 hra. 48 hra. 72 hri

ID TaXalcol AR 50

CDi 254 204 228 90 246 84 70 98

23) Talalenl AR 60 8 254 204 228 90 214 58 22 42

3D SovaelAa •/▼ 544-B 8 25k 204 228 90 274 58 2 0

4d Atla* 0-1276 8 25k 204 228 90 84 28 38 32

5D lacol ?k 8 25k 204 228 90 272 144 36 54

6D heal 77 8 25k 204 228 90 276 118 16 2

7D Shall InaaetlelAa 
Baaa 8 25k 204 228 90 520 4i6 228 184

8D Daofeaaa 8 25k 204 228 90 294 252 212 162

9D Hallz Soparler Oil 8 25k 204 228 90 182 192 210 20

TCBVCLATIOV: 2 gallons watar and 1 pint taat aatarlal

VAo



TABU mill. TEE HXSP03SZ OF JAPAEISI 1ZZFUS TO TEST IHGREDIIHTS APPLIED IE COBIFIELD. (CCBV 

3PRATZD IE LATE SILK STAGE) (1951)

10. BHKJS II CHECK PLOT BO. BimiS IV TEST PLOT I

lagrodloat
Datoo
Rprajod

Boforo
Spraying

Aftor Sproylngt
24 hrs. 48 hrs. 72 hro.

Boforo 
Spr aping

Aftor fl̂ ngrlngt 
24 hro. 48 hro. 72 hr

11 Toloieol AR 50 Ang. 10 204 228 90 58 204 8 14 14

2B Toloieol AR 50 4 Atlas 0-1276 10 204 228 90 58 204 6 16 12

31 Toloieol AR 60 10 204 228 90 58 204 10 14 54

41 Toloieol AR 60 4 Atla* 0-12?6 10 204 228 90 58 204 0 2 0

51 Soraelde */t 544-B 10 204 228 90 58 204 70 59 16

tt SoTECld* ■/▼ 4 10 204 228 90 58 204 8 22 8
Atla* 0-1276

raKCUTXQVt for toot* 11, 3*. and 5* - 2 gallon* water, 1 plat t*it aatorlal.
for tooto 21, 4#, and 61 - 2 gallons vator, 1 pint toot matorlal and 2 os. Atla* 0-1276.
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SUMMARY

The Japanese beetle is a pest of great economic importance in 
the eastern part of the United States. These insects, by feeding in 
large numbers on the cornsilk at the time of pollination, prevent the 
fertilization of the kernels and their subsequent development. To 
protect canning or sweet corn during this critical period of develop­
ment it is customary, in Maryland, to treat the corn with an insecti­
cide. Because it is relatively inexpensive, has a residual effect 
and produces a rapid knock down, dichlaro diphenyl trichloroethane, 
or DDT as it is commonly known, has been used most commonly for this 
purpose. The large number of Japanese beetles observed in cornfields 
the day after treatment with DDT suggested that the insecticide or 
some ingredient of the Insecticide was attracting the beetles to the 
field.

In 1950 and 1951 a number of the common solvents, emulsifiers, 
oils, and Insecticides were tested in a series of field experiment 
for attractant or repellent properties. The ingredients tested were 
subjected to three treatments, i.e. commercial formulations alone and 
in combination with standard attractants or DDT.

The response of the Japanese beetles to the test materials as 
compared with the response to the check materials was used to deter­
mine the attractant or repellent value. The results of the testing 
for the summers of 1950 and 1951 are summaries in Table XXIX.
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In the commercial formulation most of the materials tested in
1950 were repellent to the Japanese beetle.

f

The solvents, odorless kerosene, an unnamed "solvent," benzene, 
xylene, deobase, Shell Insecticide Base, Listol, Ultracene, regular 
run kerosene, fuel oil No. 2, Velsicol AR 50, Velsicol AR 55, Velsicol 
AR 60, Sovacide Sovacide 514i-B, Sovacide 514*—C, Sun Solvent and
Shell E-l*07 R were repellent. The insecticides, Vaponia D-U3, lindane, 
benzene hexachloride, methoxychlar, parathion, and Rhothane were re­
pellent. The insecticides, toxaphene and Pyrethol Industrial Spray 
were slightly attractant. The emulsifiers, Atlas Span &5, Atlas Tween 
20, Triton X-10G, Atlas G-1276, Atlox, Ethofat 2U2/h5t Ethoneen 5/15 
and Tenlo-liOO were repellent. The emulsifiers, Atlas Span 20,
Nonizol 210, and Literite T were slightly attractant.

In the tests of l?5l* the solvents, Sun Solvent, Velsicol AR 50, 
Velsicol Ar 60, kerosene, fuel oil No. 2, Shell Solvent E-l*Q7 R, 
Sovacide s/v 5i4*-B, and xylene were significantly r epellent to the 
Japanese beetle. The emulsifiers, Atlas G-1276 and lincol 77, were 
significantly repellent. The solvents, Shell Insecticide Base, Sova 
Spray No. 2, deobase, and the oil Superior Oil were neutral materials 
to which the beetle did not respond.

The killing agent DDT or dichloro diphenyl trichloroethane, when 
added as 10 cc of a solution, made by dissolving 52 grams of technical 
DDT in 100 cc of xylene, to 30 cc of the test ingredient did not have 
a measurable influence on the behavior of the Japanese beetle. In
1951 DDT added in the same proportion was an attractant of a low 
order. 2hat is, the Japanese beetle response was consistently greater
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to the test materials with DDT present, except to Shell Helix superior 
oil and Sova Spray No. 2. With DDT present, only Velsicol AR 60, 
Velsicol AR 50* and Sovacide s/v $hh-B were significantly repellent. 
Further testing will be necessary to determine the exact status of 
DDT.

1W.th a standard attractant added to the commercial formulation 
of the test ingredients the solvents, regular run kerosene, fuel oil 
No. 2, Velsicol AR 50, Velsicol AR 55* Velsicol AR 60, Sovacide 5U1+-B, 
Sovacide $hh—C, Sun Solvent and Shell E—it07 R were repellent in the 
tests of 1950. The Japanese beetles did not respond in either a neg­
ative or positive manner to odorless kerosene, "solvent," benzene, 
xylene, deobase, Shell Insecticide Base, Ultracene or to the insecti­
cide Vaponia D-ii3. These eight ingredients were of such a l<»r order 
of repellency that they were completely masked by the standard at­
tractant. in 1951 Shell Insecticide Base and deobase with the standard 
attractant attracted beetles in large quantities. The remaining 13 
test materials were repellent, ^he most pronounced repellency was 
shown to Velsicol AR 60, Velsicol AR 50* Shell Solvent E-J4O7 R, fuel 
oil No. 2, Sovacide s/v 5U2i-3 and Atlas G-1276 in descending order of 
repellency.

A second phase of the experiment in 1951 was the testing of the 
attractant or repellent value of the ingredients by applying then as 
sprays to canning corn in various stages of maturity. In test plots 
B & D in which corn was treated with solvents and emulsifiers there 
was a notable decline in beetle population when the test plots were 
compared with the numbers in the check plots. In the plots treated



with Shell Insecticide Base and deobase, the beetle population re­
mained relatively the same after treatment as before. The conclusion

}

was that these two materials were neutral and did not prevent the 
beetles from returning to feed on the corn silk. The beetles avoided 
the DDT treated plot, but whether this was due to the insecticidal 
effect or a repellent effect of the DDT was not determined.

The results of the experiments do not support the hypothesis 
that Japanese beetles are attracted into cornfields by the insecti­
cide on some ingredient of the insecticide used in the treatment of 
the fields. ilost of the ingredients tested were repellent and would 
discourage the Japanese beetle from entering the treated fields. The 
results do suggest that the problem is more complex from an ecological 
and practical viewpoint than was thought at the beginning of the 
experiment.
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TABLE XXIX.— A SU1XARY OF THE RESULTS OF EXPERIMENTS TO DETERMINE 
THE ATTRACTANT, REFELIEUT, CR NEUTRAL HlOPERTIES OF SEIECTED INGREDI­
ENTS OF INSECTICIDES.

Tests of 1950
R = repellent 
N = neutral 
A = attractant

Ingredient
Tested Alone
R N A

/ DDT 
R N A

/ Standard Bait
R N A

Solvents
Sun Solvent X
Velsicol AR 50 X
Velsicol AR 60 X
Kerosene X
Fuel Oil No. 2 X
Shell Solvent E-I4O7 R XShell Insecticide Base X 
Sovacide s/v 5M a-C X
Sovacide s/v 5hk-B X
Xylene X
Deobase X
Kerosene odorless I
Velsicol AR 55 X'•Solvent" X
Benzene X
Llstol XUltracene A

x
X
X
AY
X

X
X

X
XX
X
X

X

X
X
X
X

Emulsifiers
Atlas 0-1276 
Atlas Span 85 
Atlas Tween 20 
Triton X-100 
Ar qua o-26 
Atlcoc
Ethofat 2U2/U5 
Ethoneen 5/15 Tenlo-UOO 
Atlas Span 20 
Nonis ol 210 
Ilterite T

XX
X
X
X
X
A

X
X
X
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TABLE XXIX (C ontinued)

T esta  of 1?50 (C o n t.)

Tested Alone / DDT / Standard Balt
Ingredient R N A R N A R N A

Oils
lineral oil (light) X
lineral oil (heavy) X

Synergist
Cyc 1 ohexan one X

Insecticides
Toxaphene X?
Lindane XBenzene hexachloride X
itethoxychlor V

J\Parathion X
Velsicol (1068) XChlordane XAidrin X
Rhothane XPenphene X
Pyrethol Industrial Spray X?
Vaponia D-U3 V X X

Tests of 1951

Tested Alone / DDT / Standard BaitIngredient R N A R H A R N A
Sun Solvent X X? X
Velsicol AR 50 X X X
Velsicol AR 60 X ■X X
Kerosene X X? X
Fuel Oil No. 2 X X? -X
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TABLE XXIX (C on tin u ed )

Ingredient Tested Alone
R N A

/ DDT 
R N A

/ Standard Bait
R N A

Shell Solvent E-hG7 R X X? XShell Insecticide Base X X XShell Helix Superior Oil X X? XSovacide s/v Shh-B X X X
Xylene X X? X
Sova Spray No. 2 X X? XDeobase X X X
Atlas G-1276 X X? X
Emcol Jh X? X? X
i&ncol 77 X X? X

Field Tests on Canning Corn - 1951

Ingredient Tested Alone / DDT /  Atlas G-1276
R N A R M A R N A

Velsicol AR 5© X X X
Velsicol AR 60 X X X
Sovacide s/v 5hh~~B 
Atlas 0-1276 X

X X
X

Emcol 7U X X
Efciodl 77 X X
SheIX Insecticide Base X X
Deobase X X
Helix Superior Oil X X X
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