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ABSTRACT 
Pennsylvania' s f i r  st experience wi th  us ing  

B t  on in sec t  con t ro l  occurred i n  1964. For t h e  
next 17 years ,  var ious  p r o j e c t s  were conducted, 
i n  cooperat ion with t he  USFS and indus t ry ,  i n  an  
e f f o r t  t o  secure  opera t ional  s t a t u s  of B t  f o r  
gypsy moth suppression. This  poin t  was reached 
i n  1982, and t h e  Governor was convinced t h a t  t h e  
time was r i g h t  t o  convert most gypsy moth suppres- 
s ion  opera t ions  from chemical spray t o  B t .  I n  
1983, 326,000 ac re s  of high-use a r e a s  were t r e a t e d  
with Bt, making it the  l a r g e s t  B t  opera t ion  on 
t h e  gypsy moth undertaken t o  da te .  Suppression 
r e s u l t s  were v i r t u a l l y  on a par  wi th  formerly used 
chemicals, spraying obj ec to r  problems dropped t o  
near zero,  and t h e  per a c r e  suppression cos t  was 
cheaper. Some problems with Bt s t i l l  remain, and 
these  a r e  discussed.  

My remarks i n  t h i s  p re sen ta t i on  w i l l  be 
confined t o  B t  s i n c e  we have no ope ra t iona l  ex- 
per ience  wi th  o the r  microbia ls  i n  gypsy moth sup- 
press ion .  The gypsy moth v i r u s  ma te r i a l  may a t  
some f u t u r e  d a t e  prove t o  be ope ra t iona l ly  f ea s i -  
b l e ,  but  it is my opinion t h a t  t h i s  is  s t i l l  a 
long way o f f .  It doesn ' t  match B t  i n  e f f ec t ive -  
ness ,  a t  l e a s t  a t  t h i s  time. 

Being an o ld  t imer wi th  27 yea r s  of respon- 
s i b i l i t y  f o r  gypsy moth suppression i n  Pennsyl- 
vania ,  I cannot help but r e f l e c t  f o r  a minute on 
long-term t rends .  When I f i r s t  came on board i n  
1957, DDT was under a t t a c k .  The hue and c ry  was 
t o  switch t o  l e s s  o f f ens ive  "soft"  chemicals such 
a s  ca rba ry l  o r  t r i ch lo r fon .  This  was f i n a l l y  
done i n  t he  e a r l y  19601s, and f o r  a period of t i m e  
we had l i t t l e  o r  no problems wi th  oppos i t ion  to  
chemical spray programs. I n  t he  1970' s, however, 
t he se  biodegradable chemicals came under a t t ack .  
The i n s i s t e n c e  then  was t h a t  we switch t o  Bt. 

Two th ings  should b e  obvious: 1 )  much 
energy has been expended u s e l e s s l y  i n  f i g h t i n g  
the  long-term and inev i t ab l e  t rend  away from 
broad-spectrum chemicals. This  energy should have 
been expended i n  acce l e ra t i ng  the  conversion t o  
microbials ,  and 2) i f  you th ink  back t o  your 
co l l ege  days you might remember some professor  
saying t h a t  one of our u l t i m a t e  goals  i n  f o r e s t  
i n s e c t  con t ro l  must be t h e  development and u s e  of 
s p e c i f i c  suppression ma te r i a l s  t h a t  have l i t t l e  o r  
no impact on o ther  organisms, t h e  environment, and 
on humans. We have entered t h i s  new e r a  of micro- 

b i a l  con t ro l  on a la rge-sca le  wi th in  j u s t  t h e  pas t  
two years.  Work is  now acce l e ra t i ng  a t  a r ap id  
r a t e ,  wi tness  t h e  number of new B t  formulat ions 
t h a t  become r e g i s t e r e d  every year. 

I n  Pennsylvania, I l i k e  t o  t h ink  t h a t  we have 
never fo rgo t t en  our u l t ima te  goals .  My f i r s t  con- 
t a c t  wi th  a microbial  i n s e c t i c i d e  was back around 
1960, when we made a concoction of v i r u s  t o  u s e  
on t h e  European p ine  sawfly. It worked, but i ts  
use  was soon ha l t ed  by EPA. 

Our work wi th  B t  began i n  1964, when we 
sprayed seve ra l  hundred ac re s  t o  t e s t  i t s  con t ro l  
of t h e  f a l l  cankerworm. Resu l t s  were v a r i a b l e  
t o  say  t h e  l e a s t .  Over t he  next 17 years,  our 
experimental work wi th  Bt was pr imar i ly  on t h e  
gypsy moth. Very few years  went by without  some 
B t  spraying,  but  r e s u l t s  always l e f t  something t o  
be desired.  We could k i l l  gypsy moths, but  more 
than  one of u s  suspected t h a t  a 1974 B t  spray 
opera t ion  on 35,000 a c r e s  did nothing more than  
prolong t h e  outbreak, due t o  t he  number of hea l thy  
surv ivors .  We a l s o  had the  dubious honor i n  1974 
of having t h i s  l a r g e  B t  opera t ion  temporari ly 
stopped by EPA f o r  poss ib l e  v i o l a t i o n  of t h e  terms 
of an experimental l abe l .  This  neces s i t a t ed  a 
t r i p  t o  EPA headquarters  i n  Washington t o  s t r a i g h t -  
en t h e  mat ter  out ,  and i t  made us  wonder who our 
f r i e n d s  were. 

A t  t h i s  poin t ,  I would l i k e  t o  pay t r i b u t e  t o  
a man who has  devoted h i s  e n t i r e  ca ree r  t o  t h e  
development of microbial  i n sec t i c ides .  During 
these  e a r l i e r  years ,  he never gave up hope t h a t  
someday B t  would become a v i a b l e  replacement f o r  
chemical sprays.  I ' m  s u r e  he had many f r u s t r a t i n g  
experiences,  but  h i s  ded ica t ion  t o  t he  t a s k  never 
l e f t  him. He is, of course, D r .  Frank Lewis. I 
don' t  know where we would be today wi th  B t  i f  D r .  
Lewis had not  been on t h e  job. 

I n  1981, some outstanding successes began 
wi th  t h e  newer B t  formulat ions.  I n  1982, we de- 
cided t o  conduct a la rge-sca le  p ro j ec t  with Bt a s  
p a r t  of our ope ra t iona l  program. This  was done on 
32,000 a c r e s  of fo re s t ed  r e s i d e n t i a l  p rope r t i e s  
i n  southeas tern  Pennsylvania. Resul t s  were a s  
good a s  wi th  chemical spraying.  Twelve B . I . U . ' s  
were used i n  128 ounces of s o l u t i o n  per acre.  A 
polyvinyl  s t i c k e r  was used over much of t h e  a r e a  
but  was l a t e r  abandoned due t o  i t s  propensity t o  
adhere semi-permanently t o  automobile f i n i s h e s .  
We a l s o  augmented t h e  B t  spray a r e a s  with 
ApanteZes pa ras i ae s  with good r e s u l t s .  

Following t h i s  successf u l  opera t ion  wi th  B t ,  
we f e l t  t h e  time was r i g h t  t o  recommend a major 
changeover i n  our program from tr i ch lo r fon  ( ~ y l o x )  
t o  Bt,  a t  l e a s t  i n  a l l  f o re s t ed  r e s i d e n t i a l  a reas .  
Tr ichlor f  on was becoming too expensive, and chem- 
i c a l  spray ob jec to r s  were present ing  u s  with 
severe  ope ra t iona l  problems. This  recommends t i o n  
was approved by t h e  Governor who, i n  f a c t ,  d i r ec t ed  
us  t o  make t h e  changeover. 

I n  1983, we t r e a t e d  326,000 a c r e s  wi th  Bt, 
involving over 3,000 sepa ra t e  spray blocks of 
fo re s t ed  r e s i d e n t i a l  p rope r t i e s .  Twelve B. I .U. ' s 



were used over most of t he  area ,  wi th  gypsy moth 
d e n s i t i e s  of over 1,000 egg masses per  a c r e  i n  
bui ld ing  populat ions rece iv ing  1 6  B.I.U.'s and i n  
some cases  two treatments.  The s i g n i f i c a n t  re -  
s u l t s  of t h i s  p ro j ec t  can be described a s  follows: 

1. The spraying ob jec to r  r a t e  of 5-10% wi th  
previously used chemicals dropped t o  v i r t u a l l y  
zero wi th  Bt. Environmental is ts  not  only  ceased 
t h e i r  a t t a c k s  but applauded t h e  conversion. The 
mail  t h a t  d id  come i n  was mostly from pes t  con t ro l  
o f f i c i a l s  and envi ronmenta l i s t s  i n  o the r  s t a t e s  
seeking Bt e f f i c a c y  d a t a  and t h e  reasons  f o r  our 
changeover. It was obvious t h a t  Pennsylvania 's  
a c t i o n  influenced some o the r  s t a t e s  t o  c h a r t  a 
s imi l a r  course. 

2. Overa l l  c o s t s  were about $1.00 per a c r e  
lower than  wi th  previously used chemical sprays.  

3. Control  r e s u l t s  with Bt were genera l ly  accept-  
ab l e ,  wi th  about 80% of t h e  a r e a s  showing 70-93% 
l a r v a l  m o r t a l i t y  and d e f o l i a t i o n  below 30%. 
Overa l l  egg mass reduct ion  was not  a s  good a s  
wi th  chemical sprays.  Many a r e a s  with bui ld ing  
populat ions st ill had unacceptable numbers of 
la rvae ,  r e s u l t i n g  i n  a continuing publ ic  nuisance 
problem. However, even i n  t hese  l a t t e r  cases ,  
f o l i a g e  p ro t ec t ion  was achieved. 

4. I n  a l a r g e  program, making two app l i ca t ions  
7 t o  10 days a p a r t  i n  c r i t i c a l  a r e a s  p re sen t s  
excessive ope ra t iona l  problems, which we must 
avoid i f  a t  a l l  poss ib le .  I n  1984, w e  w i l l  t r y  
20 B I U ' s  i n  t he se  c r i t i c a l  a reas .  An a l t e r n a t i v e  
f o r  eva lua t ion  may be two app l i ca t ions  of 12  
BIU's on t h e  same day. I n  genera l ,  our  t rea tments  
wi th  1 6  BIU's were not  s i g n i f i c a n t l y  b e t t e r  than  
the  1 2  B I U  t rea tments  i n  t h e  l imi ted  a r e a s  where 
they could be compared wi th  equal  populat ions.  
It should be noted t h a t  con t ro l  problems a l s o  
exis ted  i n  many of t he se  same c r i t i c a l  a r e a s  
with,  chemical sprays.  Bas ica l ly  t h i s  occurs 
e i t h e r  because f o l i a g e  is being consumed a s  f a s t  
a s  it i s  being produced, leaving  l i t t l e  l ea f  
su r f ace  t o  spray,  o r  because l a t e r  hatching 
l a r v a e  a r e  being blown i n  a week o r  more a f t e r  
t reatment.  

5 .  Timing of B t  app l i ca t ions  d id  not  prove t o  be  
a s  c r i t i c a l  a s  we had feared ,  but t h e  spr ing  of 
1983 was unusual. We allowed ourse lves  two weeks 
t o  g e t  t h e  job done i n  each of t h r e e  geographic 
regions of t h e  s t a t e .  Due t o  cool  weather a f t e r  
genera l  egg hatching and reduced feeding a c t i v i t y ,  
we had a t  l e a s t  t h r e e  weeks f o r  spraying i n  each 
area .  I n  a few a reas ,  poor c o n t r o l  was t raced  t o  
spraying too ea r ly .  The i d e a l  s t a r t  time is when 
whi te  oak f o l i a g e  is one-third grown. 

7. Mixing Bt s o l u t i o n s  proved t o  be a headache, 
pr imar i ly  due t o  inadequate equipment by con- 
t r a c t o r s  and our need t o  monitor t h e  mixing. 
This  mixing process,  on occasion,  r e s u l t e d  i n  18 
hour work-days. We experienced no s i g n i f i c a n t  
d i f f e r ences  i n  t he  two B t  products  used, Dipel 6L 
and Thuricide 32LV, i n  t h e  ma t t e r s  of e f f i cacy ,  
cos t ,  and ease  of spraying.  

8. Considerable work was done on s o l u t i o n  r a t e s .  
About three-quar ters  of t h e  ope ra t iona l  program 
was done wi th  128 ounces per ac re ,  and t h e  re-  
mainder wi th  96 ouncesu No d e t e c t a b l e  d i f f e r -  
ences i n  e f f i cacy  exis ted .  Consequently, t h e  
1984 program wi th  1 2  B.I.U.'s w i l l  be 96 ounces 
per acre .  I n  20 B . I . U .  a r ea s ,  we w i l l  u se  128 
ounces a s  insurance  f o r  good coverage. I n  1983, 
we a l s o  conducted experiments on th i r ty- four  100 
a c r e  p l o t s  t o  test n ine  Bt formulat ions i n  re -  
duced so lu t ions  and undi lu ted  r a t e s  . Undiluted 
B t ,  f o r  t h e  most p a r t ,  gave unsa t i s f ac to ry  con- 
t r o l ,  a s  d i d  so lu t ions  under 96 ounces. 

To r e f l e c t  on where we a r e  now wi th  B t  i n  
gypsy moth suppression,  t h e r e  i s  no doubt we have 
come a long way. However, we a r e  not  a t  a r e s t i n g  
s t age ;  pe r f ec t ion  is  the  name of t h e  game. The 
way t o  proceed should be f a i r l y  obvious. Idea l ly ,  
a spray opera t ion  should u t i l i z e  undiluted mate- 
r i a l  i n  one app l i ca t ion .  I f e e l  c e r t a i n  t h a t  t h i s  
is  wi th in  our reach,  s i n c e  t h e r e  is no doubt t h a t  
B t  w i l l  k i l l  gypsy moths. Expedited7:~esearch i n  
spray  technology must be implemented. For ex- 
ample, w e  a r e  s t i l l  us ing  t h e  same spray nozzles  
t h a t  were i n  u se  30 years  ago. Do we r e a l l y  know 
t h e  bes t  type of spray a i r c r a f t  t o  use, i t s  speed, 
i ts spraying a l t i t u d e ,  i ts  swath width, and 
atmospheric condi t ion  limits t o  achieve t h e  b e s t  
r e s u l t s ?  Do we know what kind of Bt coverage 
we're ge t t i ng  wi th in  t r e e  canopies and how long 
it w i l l  be  e f f e c t i v e ?  These a r e  t h e  answers we 
now need. 

I am convinced t h a t  Bt w i l l  be i n  our  gypsy 
moth suppression opera t ions  f o r  a long time. Out- 
s i d e r s  may not  app rec i a t e  t h e  tremendous, time- 
consuming burden t h a t  has been l i f t e d  from our 
backs by not  cons tant ly  being i n  b a t t l e  with t h e  
anti-chemical spray  groups and answering publ ic  
concerns f o r  s a f e t y  of t h e i r  hea l th .  

6. We attempted t o  evalua te  spray s t i c k e r s  but 
could not come up wi th  any concre te  evidence 
t h a t  they improved con t ro l .  I n  1984, we w i l l  
only u se  s t i c k e r s  i f  t h e r e  is  a t h r e a t  of r a i n .  
Our p lans  a l s o  c a l l  f o r  r e t r e a t i n g  an  a r ea  i f  
r a i n  occurs w i th in  4-6 hours of t reatment.  




