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F i e l d  r e s e a r c h  s i n c e  1978 u s i n g  d i f f e r e n t  
fo rmula t ions ,  dosages,  and s p r a y  volumes of 
B a c i l l u s  t h u r i n g i e n s i s  B e r l i n e r  (Bt)  a g a i n s t  t h e  
gypsy moth a r e  reviewed. Problems a s s o c i a t e d  
w i t h  i n c o n s i s  t e n t  r e s u l t s  a r e  d i s c u s s e d ,  w i t h  a n  
emphasis on t iming  o f  a p p l i c a t i o n .  Recommenda- 
t i o n s  f o r  p roper  u s e  of Bt a r e  p r e s e n t e d  a long  
wi th  s u g g e s t i o n s  f o r  f u r t h e r  s t u d i e s  on t h e  use  
of Gypchek and development o f  b e t t e r  spray  tech- 
nology f o r  bo th  Bt and Gypchek. 

I n t r o d u c t i o n  

Tho microorganisms a r e  f r e q u e n t l y  used 
a g a i n s t  gypsy moth, Lymantria d i s p a r  L; B a c i l l u s  
t h u r i n g i e n s i s  B e r l i n e r  (B t )  and a  nucleopoly-  
h e d r o s i s  v i r u s  (NPV). F i e l d  t r i a l s  and r e s e a r c h  
exper iences  w i t h  Bt i n  t h e  1960's  and 1970's  were 
summarized and reviewed by Harper (1974), Dubois 
(1981) and Cibulsky (1982) and w i l l  n o t  be  
covered i n  t h i s  paper. NPV r e s e a r c h  i s  s t i l l  
c e n t e r e d  on formula t ion  and i n c r e a s e d  potency. 
Al though NPV ( G Y P C H E ~ )  be came commercially 
a v a i l a b l e  i n  1983 through Reuter  Labora tor ies ,  
Inc . ,  i t  h a s  n o t  been used in t h e  f i e l d  excep t  i n  
r e s e a r c h  o r  p l o t  s t u d i e s .  Lewis e t  a l .  (1979) 
and Lewis (1981) reviewed r e s e a r c h  on NPV and 
more r e c e n t  summaries can be found i n  t h e  1981  
and 1982 Nat iona l  Gypsy Moth Review Proceedings 
and i n  Laboratory Reports  from t h e  USDA-APHIS 
O t i s  Methods Development Center .  This  paper  w i l l  
c o n c e n t r a t e  on t h e  r e c e n t  s t u d i e s  and f i e l d  
exper iences  w i t h  Bt used a g a i n s t  t h e  gypsy moth. 

poor ly  i n  o t h e r  cases .  In New York S t a t e ,  where 
Bt was used o p e r a t i o n a l l y  in . s e v e r a l  c o u n t i e s ,  i t  
was a p p l i e d  a t  8  ~ ~ ~ ' s / a c r e  i n  a  s p r a y  volume o f  
128 oz. Half o f  t h e  t rea tment  b locks  were 
t r e a t e d  w i t h  a  second a p p l i c a t i o n .  Cont ro l  was 
marginal  when compared t o  r e s u l t s  u s i n g  chemical 
i n s e c t i c i d e s .  Improper t iming  o f  a p p l i c a t i o n ,  
poor weather  c o n d i t i o n s ,  l a c k  o f  knowledge by 
spray  a p p l i c a t o r s  i n  t h e  use  of b i o l o g i c a l  in-  
set t i c i d e s ,  inadequa te  mixing equipment and 
i n c o n s i s t e n t  spray  d e p o s i t i o n  and d r o p l e t  s i z e  
were a l l  f a c t o r s  t h a t  c o n t r i b u t e d  t o  ~ t ' s  poor 
performance (Abrahamson e t  a l .  1981). 

Review o f  F i e l d  T r i a l s  1978-1983 

The gypsy moth d e f o l i a t e d  over  5 . 1  m i l l i o n  
a c r e s  i n  t h e  n o r t h e a s t  d u r i n g  1980. Spray 
a c r e a g e  i n c r e a s e d  d r a m a t i c a l l y  i n  a l l  a f f e c t e d  
s t a t e s ,  and t h e  need f o r  environmental ly  s a f e  
and e f f e c t i v e  i n s e c t i c i d e s  i n t e n s i f i e d .  Im- 
proved formula t ions  o f  Bt were developed and 
t e s t e d .  Wettable  powders were no l o n g e r  de- 
s i r a b l e  and formula t ions  of Dipel  4L, l h u r i c i d e  
32B and/or  Thur ic ide  16B were f i e l d  t e s t e d  i n  
Massachuset ts  and Rhode I s l a n d  (McLane and Finney 
1980),  New York (Abrahamson e t  a l .  1981) and 
Pennsylvania (Fusco 1982a) .  Rates  were s t i l l  8  
o r  8  + 8  BIUVs/acre  i n  a  s p r a y  volume o f  128 oz  
excep t  f o r  one  t e s t  a t  32 oz /acre .  Fo l iage  pro- 
t e c t i o n  and r e d u c t i o n  i n  l a r v a l  and egg mass 
d e n s i t i e s  were s a t i s f a c t o r y  i n  many c a s e s ,  how- 
e v e r  r e s u l t s  were n o t  always c o n s i s t e n t  and i n  
some c a s e s  e x c e p t i o n a l l y  poor. Again, t h e  
reasons  f o r  poor  r e s u l t s  cou ld  b e  a t t r i b u t e d  t o  
a  number o f  f a c t o r s ,  t h e  most common b e i n g  im-  
p roper  t iming  of  t h e  a p p l i c a t i o n .  Once t h e  gypsy 
moth l a r v a l  popula t ion  reached l a t e  3rd and e a r l y  
4 t h  i n s t a r s  t h e  e f f e c t i v e n e s s  o f  B t  d iminished 
d r a m a t i c a l l y .  It a l s o  became more a p p a r e n t  i n  
1980 t h a t  spray  equipment, such a s  a i r c r a f t /  
n o z z l e  c o n f i g u r a t i o n s  and mixing appara tus ,  and 
weather  c o n d i t i o n s  played an impor tan t  r o l e  i n  
spray  coverage and program r e s u l t s .  Uniform 
s p r a y  d e p o s i t i o n  (20-25 drops/cm2) and d r o p l e t  
s i z e s  i n  t h e  100-200 micron range a r e  necessary  
i n  o r d e r  f o r  Bt t o  c o n t r o l  gypsy moth p o p u l a t i o n s  
and /or  p r o t e c t  f o l i a g e .  

1978 and 1979 

In 1978 and 1979 Bt was used o p e r a t i o n a l l y  
i n  suppress ion  programs i n  on ly  a  few n o r t h e a s t e r n  
s t a t e s .  The two major Bt fo rmula t ions  a p p l i e d  
a e r i a l l y  a g a i n s t  t h e  gypsy moth were Thuri- 
c i d e  1 6 ~ @  and Dipel-w*. Most s t a t e s  
r e l i e d  on chemical i n s e c t i c i d e s ,  such a s  SEVIN@ 
and D y l o B ,  t o  combat t h e  gypsy moth because Bt 
was s t i l l  t r y i n g  t o  overcome i t s  r e p u t a t i o n  a s  an  
envi ronmenta l ly  d e s i r a b l e  i n s e c t i c i d e  t h a t  pro- 
duced i n c o n s i s  t e n t  r e s u l t s  . F i e l d  s t u d i e s  were 
conducted i n  New J e r s e y  (McLane and Finney 1979) 
and New York (Abrahamson e t  a l .  1981) wi th  
Thur ic ide  16B o r  24B and r e s u l t s  compared favor- 
a b l y  w i t h  chemical i n s e c t i c i d e s  i n  some c a s e s  and 

Gypsy moth d e f o l i a t i o n  exceeded 1 3  m i l l  ion  
a c r e s  i n  1981 and chemical i n s e c t i c i d e s  were 
h e a v i l y  used throughout t h e  no r t h e a s  t . However, 
Thur ic ide  16B o r  Dipel  4L was used o p e r a t i o n a l l y  
in New J e r s e y ,  New York, Pennsylvania,  Massachu- 
setts and Maine. Bt u s e  i n c r e a s e d ,  b u t  a g a i n  
r e s u l t s  a g a i n s t  dense popula t ions  were incons is- 
t e n t  when compared t o  chemical  i n s e c t i c i d e s .  Re- 
s e a r c h  on popula t ion  r e d u c t i o n  and f o l i a g e  pro- 
t e c t i o n  were conducted i n  Massachuset ts  w i t h  
Thur ic ide  16B and 32BX (Burnham 1981 and McLane 
and Finney 1981) and i n  Connect icut  w i t h  Dipel  
4L (Andreadis e t  a l .  1982). In  Pennsylvania a  
Bt -paras i te  i n t e r a c t i o n  s tudy  wi th  Dipel  4L was 
a l s o  conducted (Fusco 1982b and 1 9 8 2 ~ ) .  The 
above s t u d i e s  used t h e  8  o r  8  + 8  ~ ~ U / a c r e  r a t e  
i n  128 o z  s p r a y  volume a p p l i e d  a e r i a l l y  excep t  



i n  Massachusetts where one and two app l i ca t ions  
of  4 and 12 ~ ~ U ' s / a c r e  were a l s o  evaluated.  
One ground app l i ca t ion  study a l so  occurred i n  
Connecticut wi th  Dipel 4L a t  the 8 BIU r a t e  i n  
a spray volume of  100 ga l lons l ac re  (Moore and 
Anderson 1982). 

Based on the  r e s u l t s  from 1980 and 1981, 
new concentrated formulat ions of  Bt were developed 
f o r  f i e l d  t e s t i n g  i n  1982 using higher B I U  r a t e s  
(12 and 16 ~ I ~ ' s / a c r e ) ,  and lower spray volumes 
(48 and 64 oz  i n s t ead  of  128 oz l ac re ) .  Tests  
were conducted i n  Connecticut with Dipel 4L a t  
8 + 8, 12 and 16 ~ I U ' s / a c r e  i n  a spray volume 
of 128 oz (Andreadis e t  a l .  1983) ; i n  Pennsyl- 
vania wi th  Dipel 4L, Dipel 6L, Thuricide 32LV 
and Bactospeine a t  r a t e s  o f  12, 12 + 12 o r  16  
B1uts /acre  i n  spray volumes of 128 oz (64 oz f o r  
each of  the 12 + 12 ~ I U / a c r e  app l i ca t ions )  
(Fusco 1983a); i n  Pennsylvania by the  USDA-APHIS 
with Dipel 4L, Dipel 6L, Thuricide 32LV and 
Thuricide 48B a t  r a t e s  of 8 ,  12 o r  16 BIU'S/ 
a c r e  i n  spray  volumes of 48, 64 o r  128 oz 
(McLane and Finney 1982); i n  New Jersey  wi th  
Dipel 4L and Thuricide 32LV a t  the 12 B I U ' S /  
a c r e  i n  a spray volume of 128 oz (Metterhouse 
and Balaam 1983a);  i n  New York with Dipel 4L a t  
8 + 8 and 16 BIU1s/acre i n  spray volumes of  128 
oz (Glenis te r  1982) and a ground app l i ca t ion  
study with Thuricide 32LV a t  the 12 ~ ~ U / a c r e  
r a t e  i n  a spray  volume of 100 ga l lons /acre  
(Eggen and Abrahamson 1983). 

Overal l  r e s u l t s  i nd i ca t ed  t h a t  one appl ica-  
t i on  of  these  Bt formulat ions a t  12 ~ I U ' s / a c r e  
i n  128 oz spray volume provided f o l i a g e  pro- 
t ec t i on  and reduced egg mass dens i ty  i n  t he  
spray  blocks. The r e s u l t s  from these  s t u d i e s  
s e t  the  s t a g e  i n  1983 f o r  a  l a r g e  s c a l e  sup- 
press  ion pro gram i n  Pennsylvania with B t. 

During 1983 a number of  f i e l d  s t u d i e s  were 
conducted throughout the  no r theas t  with d i f -  
f e r e n t  formulat ions of  Bt a t  the 12 ,  16 o r  20 
BIuls /acre  r a t e  and a number of  d i f f e r e n t  
spray volumes (24, 32, 48, 64 o r  128 oz) .  These 
s t u d i e s  were conducted i n  New Jersey  (Met terhouse 
and Balaam 1983b), Pennsylvania (McLane 1983, 
Fusco 1983b), and New York (Glenis t e r  1983). 
Three Dipel formulat ions (4L, 6L and 8L), four  
Thuricide formulat ions (32LV, 48LV, 64LV and 
64BX), Bactospeine and Futura were a l l  f i e l d  
t e s t ed .  

Operat ional  programs using B t  i n  1983 were 
conducted i n  Pennsylvania, New Jersey ,  Mary- 
land and West Virginia.  Thuricide 32LV, Dipel 
4L o r  Dipel 6L a t  t h e  12 o r  16 ~ ~ U ' s / a c r e  r a t e  
i n  spray volumes of 64, 96 o r  128 oz were 
evaluated.  

The r e s u l t s  from the f i e l d  t r i a l s  and 
ope ra t iona l  programs indica ted  t h a t  when 

properly appl ied ,  12 BIU/acre (or h igher)  i n  96 
o r  128 oz spray volume gave r e s u l t s  t h a t  were 
comparable to those  obtained with chemical 
i n sec t i c ides .  Rates lower than the  12 BIU r a t e  
o r  96 oz spray volume/acre gave v a r i a b l e  degrees 
of f o l i a g e  p ro t ec t i an  and egg mass reduction de- 
pending on l o c a l  gypsy moth condi t ions  and o the r  
opera t ional  f ac to r s .  

The ove r r id ing  f a c t o r  t h a t  a f f e c t e d  r e s u l t s  
i n  t hese  f i e l d  t r i a l s  and opera t ional  programs 
was timing of  the  app l i ca t ion  so  t h a t  i t  coin- 
cided with t he  2nd and 3rd i n s t a r s  of t he  gypsy 
moth. As soon a s  a major i ty  of  t he  l a r v a l  popu- 
l a t i o n  reached the  l a t e  3rd and the  e a r l y  4 t h  
i n s  t a r s  e f f i cacy  dropped drama t i c a l l y .  Applica- 
t i o n  r a t e s  of  16 o r  20 BIUrs/acre provided some- 
what b e t t e r  r e s u l t s  aga ins t  4 th  i n s t a r s ,  bu t  
aga ins t  2nd and 3rd i n s t a r s  the  r e s u l t s  were n o t  
d i f f e r e n t  than those  observed wi th  t h e  12 BIU'S/ 

a c r e  r a t e .  

Conclusions and Recommendat ions 

1. The number one f a c t o r  to be considered 
and c lo se ly  monitored i n  any spray program using 
Bt is the developmental s t age  of t he  gypsy moth. 
B t  must be appl ied  a f t e r  egg mass ha tch  is com- 
p l e t ed  and l a rvae  a r e  i n  t he  1st-3rd i n s t a r s .  
Leaf expansion should be a t  a  minimum of  20 per- 
cent .  As soon a s  the gypsy moth reaches t he  l a t e  
3rd to e a r l y  4 t h  i n s t a r ,  h igher  r a t e s  of Bt and/ 
o r  a  second app l i ca t ion  should be considered. 
I f  n o t ,  app l i ca t ion  of  a  chemical i n s e c t i c i d e  may 
be necessary.  

2. A s i n g l e  app l i ca t ion  of B t  a t  12 BIU'S/ 

ac re  is  recommended f o r  ope ra t iona l  u se  i n  a r eas  
with a dec l in ing  populat ion,  o r  i n  a r e a s  t h a t  
have bu i ld ing  populat ions with l e s s  than 1000 
l a r g e  egg masses per acre.  Mult iple applica-  
t i ons  of 12-20 ~ I U ' s / a c r e  o r  switching to  a 
chemical i n s e c t i c i d e  should be considered i n  
a r e a s  with high bui ld ing  populat ions () 1000 
l a r g e  egg masses pe r  acre) .  

3. k r e  s t u d i e s  should be done to  evalua te  
B t  on a range of gypsy moth populat ion d e n s i t i e s  
using low spray volumes with improved a i r c r a f t /  
nozzle spray app l i ca t ion  systems, such a s  Micro- 
n a i r e  r o t a r y  atomizers,  which give cons i s t en t ly  
uniform spray d rop le t  s i z e s .  

4. The newer B t  formulat ions a r e  d e f i n i t e l y  
b e t t e r  than the  o lde r  formulat ions used i n  t he  
1960's and 19701s, and with improved app l i ca t ion  
techno logy ( s t i cke r s ,  nozzle.  types, spray equip- 
ment, e t c . ) ,  r e s u l t s  should be  more cons i s t en t .  

5. Research is  continuing on newer and 
more potent  B t  s t r a i n s .  The HD-1 s t r a i n  now 
cu r r en t ly  being used could be  replaced by a 
more potent  s t r a i n  i n  t he  fu ture .  

6. NPV must be f i e l d  t e s t ed  more exten- 
s i v e l y  i n  various formulat ions t o  determine i ts  
e f f ec t ivenes s  a g a i n s t  d i f f e r e n t  populat ion den- 
s i t i e s  and to  understand how t h i s  microbia l  can 



b e s t  b e  i n c o r p o r a t e d  i n t o  s t a t e  IPM programs. 
A l l  a r e a s  o f  s p r a y  technology must be s t u d i e d  
w i t h  r e g a r d  t o  NPV b e f o r e  i t  can be used on an 
o p e r a t i o n a l  l e v e l .  

7. Addi t iona l  r e s e a r c h  should  be conducted 
on  Bt -paras i  t e  i n t e r a c t i o n s .  

8 .  In  l a r g e  s c a l e  suppress ion  programs, t h e  
e f f e c t i v e n e s s  o f  a microb ia l  i n s e c t i c i d e  depends 
on t h e  amount o f  time, p lann ing ,  manpower and 
moni tor ing  t h a t  goes i n t o  t h e  e f f o r t .  The use o f  
b i o l o g i c a l  i n s e c t i c i d e s  on an  o p e r a t i o n a l  l e v e l  
r e q u i r e s  p roper  a p p l i c a t i o n  methods, o therwise  
t h e  program i s  doomed t o  f a i l u r e .  
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