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B a c i l l u s  t h u r i n g i e n s i s  (B. t . )  h a s  been 
used o p e r a t i o n a l l y  i n  t h e  e a s t e r n  U. S. s i n c e  
1978 wi th  most a p p l i c a t i o n s  occur r ing  i n  Maine. 
Changes i n  B. t. dosage r a t e s ,  volume, c o s t ,  
s p r a y  a i r c r a f t ,  and use p a t t e r n s  w i l l  be  d i s -  
cussed.  Evaluat ion o f  B. t. dosage i n  t h e  e a s t  
h a s  c o n s i s t e d  o f  v a r i a b l e  r e s u l t s  wi th  8 B.I.U. 
t r e a t m e n t s  i n  1978 through 1980, t o  c o n s i s t e n t l y  
good r e s u l t s  with 12 B.I.U.'s f o r  1981 t o  1983. 
Appl i c  a t i o n  technology h a s  changed from high 
volumes i n  1979 t o  undi lu ted  o r  n e a t  app l ica -  
t i o n s  i n  1983. Spray d e l i v e r y  systems have 
changed from boom and nozz le  equipped small  hel- 
i c o p t e r s  t o  small  fixed-wing a i r c r a f t  equipped 
with r o t a r y  atomizers .  Improved e f f i c a c y  h a s  
s i g n i f i c a n t l y  broadened t h e  B. t. use p a t t e r n .  

B a c i l l u s  t h u r i n g i e n s i s  (B. t . )  h a s  been 
used a s  p a r t  o f  o p e r a t i o n a l  s p r a y  p r o j e c t s  i n  
t h e  e a s t e r n  United S t a t e s  s i n c e  1978. Numerous 
formula t ions  and s p r a y  regimes have been 
employed s i n c e  1978 r e s u l t i n g  i n  a  s u b s t a n t i a l  
e v o l u t i o n  i n  B. t. use  p a t t e r n s  and spray  tech-  
nology. Major f a c t o r s  i n  t h e  o p e r a t i o n a l  evolu- 
t i o n  o f  B. t. have been i n s e c t i c i d e ,  dosage,  
volume, a i r c r a f t ,  s p r a y  d e l i v e r y  systems,  s p r a y  
weather guide1 i n e s ,  use p a t t e r n s ,  and c o s t s .  
H i g h l i g h t s  o f  t h e  e v o l u t i o n s  o f  t h e s e  f a c t o r s  i n  
t h e  e a s t e r n  United S t a t e s  w i l l  be  d i scussed  i n  
t h i s  paper. 

Most o p e r a t i o n a l  use o f  B. t .  i n  t h e  e a s t -  
e r n  U. S. h a s  occurred i n  Maine a s  p a r t  s f  t h e  
S t a t e  run program o r  a s  p a r t  o f  o t h e r  smal le r  
o p e r a t i o n s .  Most o f  t h i s  paper w i l l  d e a l  with 
t h e s e  Maine exper iences .  In  an a t t empt  t o  avoid 
r e p e t i t i o n ,  e v o l u t i o n  i n  t h e  o p e r a t i o n a l  use  o f  
B. t .  w i l l  be  presented year by year .  Changes 
f o r  each o f  t h e  f a c t o r s  mentioned above w i l l  be  
descr ibed  f o r  t h e  year  under c o n s i d e r a t i o n .  

The f i r s t  l a r g e  s c a l e  use o f  B. t .  i n  an 
o p e r a t i o n a l  program i n  t h e  e a s t e r n  U. S. 
occurred i n  Maine i n  1978. The o p e r a t i o n  was 
based a t  C ~ d y v i l l e  i n  e a s t e r n  Maine and covered 
about 22,000 a c r e s  o f  f o r e s t .  Spraying was done 
with four  Be l l  47 s e r i e s  he1 i c o p t e r s  equipped 
wi th  convent iona l  booms and 80-02 nozz les .  Thu- 
r i c i d e  16B was sprayed a t  8  B.I.U.'s per a c r e  
wi th  a  f i n i s h e d  spray  volume o f  80 f l u i d  ounces 
per ac re .  The o p e r a t i o n  was timed t o  begin a t  
t h e  peak o f  t h e  3rd i n s t a r ,  however some b locks  
were no t  sprayed u n t i l  t h e  5 t h  i n s t a r .  The pre- 
dominate h o s t  t r e e  i n  t h e  spray  a r e a  was balsam 
f i r .  

Cost o f  t h e  1978 a p p l i c a t i o n  was d i f f i c u l t  
t o  a s s e s s ,  b u t  was c e r t a i n l y  i n  excess  e f  $15.00 
per  a c r e ;  more than four  t imes  t h e  c o s t  o f  Sev- 
in-4-Oil app l ied  i n  1978. 

The t rea tment  a r e a  near  Codyvi l l e  was cho- 
sen f o r  s e v e r a l  r e a s o n s  t h a t  r e f l e c t  t h e  begin- 
ning of  a  B. t. use  p a t t e r n .  F i r s t ,  t h e  in fes -  
t a t i o n  1 eve1 , h o s t  c o n d i t i o n  and popula t ion  
l e v e l ,  was moderate. This  type  o f  a r e a  was pre- 
f e r r e d  because B. t. e f f i c a c y  was n o t  expected 
t o  equal  t h a t  o f  chemical i n s e c t i c i d e s .  The 
Codyvi l l e  b locks  included many s t reams ,  ponds 
and marshes and re laxed  b u f f e r  p o l i c i e s  with B. 
t. increased  f o r e s t  coverage compared t o  a  chem- 
i c a l  o p e r a t i o n .  Small he1 i c o p t e r s  were chosen 
t o  remove B. t. from t h e  main a i r p o r t  o p e r a t i o n  
s i n c e  o p e r a t i o n a l  problems were expected and 
because s h o r t  f e r r y  d i s t a n c e  with he1 i c o p t e r s  
was expected to  l e s s e n  t h e  impact o f  high s p r a y  
volumes (80 ozs.) needed. Also, t h e  low, slow 
he1 i c o p t e r s  were expected t o  p rov ide  b e t t e r  
d e p o s i t  wi th  a  h i g h l y  v o l a t i l e  water based B. t. 
formula t ion .  

R e s u l t s  i n  1978 were a c c e p t a b l e  f o l i a g e  
p r o t e c t i o n  wi th  popula t ion  r e d u c t i ~ n  f a r  less 
(70 t o  85%) than expected from chemicals  (85 t o  
95%).  Some 1978 b locks  were considered t o  have 



o n l y  f a i r  f o l i a g e  p r o t e c t i o n .  The lower l e v e l  
sf p r o t e c t i o n  i n  t h e s e  a r e a s  was thought  t o  b e  
t h e  r e s u l t  o f  poor a p p l i c a t i o n  and wet weather 
fol lowing spray ing .  

R e s u l t s  o f  t h e  1978 B. t. o p e r a t i o n  were 
good enough t o  promote t h e  f u r t h e r  use o f  B. t. 
i n  Maine i n  1979. Operat ional  spray ing  o f  B. t .  
i n  1979 covered about 38,000 a c r e s .  Thur ic ide  
16B was used a t  t h e  same 8 B.I.U.'s and 80 f l .  
oz. volume a s  i n  1978. Cost o f  t h e  1979 opera- 
t i o n  was v e r y  s i m i l a r  t o  t h e  1978 o p e r a t i o n .  

I n f e s t a t i o n  c o n d i t i o n s  i n  some 1979 b locks  
were s i g n i f i c a n t l y  d i f f e r e n t  from c o n d i t i o n s  i n  
1978. A s  i n  1978, most 1979 b locks  had moderate 
h o s t  c o n d i t i o n s  and popula t ion ,  however, some 
b locks  t r e a t e d  i n  1979 had extreme prespray  h o s t  
damage and h igh  popul a t i o n s .  These b l o c k s ,  
l o c a t e d  near  Old Town, were chosen t o  provide 
in format ion  about B. t .  appl ied  under more 
s e v e r e  i n f e s t a t i o n  c o n d i t i o n s .  

The 1979 program included t h e  use  o f  smal l ,  
s i n g l e  engine fixed-wing a i r c r a f t  t o  s p r a y  some 
B. t. b locks ,  a l though most o f  t h e  B. t. opera- 
t i o n  employed Bel l  47 h e l i c o p t e r s .  Use o f  t h e  
f ixed  wing a i r c r a f t  and he1 i c o p t e r s  provided an 
o p p o r t u n i t y  t o  compare t h e  two t y p e s  o f  a i r c r a f t  
and, t o  use  B. t. i n  a  convent iona l  a i r p o r t  s e t -  
t i n g  r a t h e r  than a  remote h e l i p o r t .  Both h e l i -  
c o p t e r s  and fixed-wing a i r c r a f t  used i n  1979 
were equipped w i t h  convent iona l  boom and nozz le  
s p r a y  systems. 

Operat ional  b u f f e r i n g  s t a n d a r d s  were for-  
malized f o r  B. t. i n  1979. Small fixed-wing 
a i r c r a f t  and he1 i c o p t e r s  could s p r a y  B. t . t o  
wi th in  1/4 mile o f  a house whereas 1/2 m i l e  
b u f f e r s  were requ i red  f o r  t h e  same a i r c r a f t  
spray ing  chemicals .  B. t .  could be sprayed t o  
t h e  edge o f  a  s t ream o r  pond, b u t  chemicals  used 
i n  1979 r e q u i r e d  a b u f f e r  o f  150 t o  500 f e e t  
around water.  These formal c r i t e r i a  made B. t. 
use i n  some a r e a s  extreme1 y advantagous and i n  
some a r e a s  it was t h e  o n l y  m a t e r i a l  t h a t  could 
provide adequate coverage. 

R e s u l t s o f  t h e  1979 B. t .  p r o j e c t  were 
ex t remely  v a r i a b l e .  R e s u l t s  on b locks  i n  west- 
e r n  Maine, t r e a t e d  with he1 i c o p t e r s ,  ranged from 
poor t o  good. Poor r e s u l t s  were blamed on r a i n  
a f t e r  t r e a t m e n t  and l a t e  a p p l i c a t i o n .  R e s u l t s  
with fixed-wing a i r c r a f t  var ied  from poor t o  
f a i r .  A l l  b locks  with high popula t ions  and 
s e v e r e  t r e e  c o n d i t i o n s  had poor r e s u l t s  . Wet 
weather was no t  t h e  cause  o f  f a i l u r e  i n  t h e  Old 
Town a r e a s .  These f a i l u r e s  were a t t r i b u t e d  t o  
poor s p r a y  d e p o s i t  from t h e  fixed-wing a i r c r a f t  
and high budworm popul a t i o n s  i n  t h e  b locks .  

R e s u l t s  o f  t h e  1979 p r o j e c t  l e d  t o  two 
r e s t r i c t i o n s  f o r  B. t. usage. F i r s t ,  rotor-wing 
a i r c r a f t  were thought  t o  provide b e t t e r  s p r a y  
d e p o s i t  and were t h e  favored a i r c r a f t  f o r  f u t u r e  
a p p l i c a t i o n s .  Second, B. t. would n o t  be  recom- 
mended i n  a r e a s  o f  h igh  budworm popula t ion  o r  
extreme t r e e  c o n d i t i o n .  

Operat ional  use o f  B. t . i n  1980 covered a  
much l a r g e r  a r e a  (200,000 a c r e s )  than 1978 o r  
1979. I n  1980 B. t .  was sprayed a s  a  huge dem- 
o n s t r a t i o n  p r o j e c t  sponsored j o i n t l y  by t h e  USFS 
and t h e  Maine Fores t  Serv ice .  Technology used 
was b a s i c a l l y  t h e  same a s  t h a t  employed i n  1978 
and 1979 except  t h a t  t h e  s i z e  o f  t h e  p r o j e c t  
d i c t a t e d  t h e  use o f  more produc t ive  a i r c r a f t  and 
use o f  more than one i n s e c t i c i d e .  

Large jet h e l i c o p t e r s  ( B e l l  204, 205, and 
212) were f i r s t  used f o r  B. t. i n  1980. These 
a i r c r a f t  were c a p a b l e  o f  c a r r y i n g  B. t .  l o a d s  o f  
200 t o  400 g a l l o n s  compared t o  55 g a l l o n s  ca r -  
r ied  by Bel l  47 a i r c r a f t .  In a d d i t i o n  t o  t h e  
l a r g e r  c a p a c i t y ,  t h e s e  j e t  he1 i c o p t e r s  were 
f a s t e r  and sprayed wider swaths. The j e t  h e l i -  
c o p t e r s  were equipped with s tandard  boom and 
n o z z l e  s p r a y  systems. 

Dipel 4L was used o p e r a t i o n a l l y  f o r  t h e  
first t ime i n  1980. Dipel 4L was used a t  8  
B.I.U.ls i n  80 ozs .  o f  f i n a l  volume, i d e n t i c a l  
t o  p a s t  a p p l i c a t i o n s  o f  Thur ic ide  16B. Thuri- 
c i d e  was sprayed a t  80 and 128 ozs .  o f  f i n a l  
volume i n  1980 t o  determine i f  t h e  h igh  volume 
(128 ozs.) would improve c o n s i s t e n c y  o f  r e s u l t s .  

Due l a r g e l y  t o  economics o f  s c a l e  and 
i n s e c t i c i d e  compet i t ion ,  B. t .  c o s t s  decreased 
somewhat i n  1980. Costs  were $10.07 t o  $10.51 
per a c r e  f o r  80 oz. a p p l i c a t i o n s  compared t o  a  
c o s t  o f  more than $15.00 i n  1978 and 1979. 

Blocks chosen f o r  B. t. i n  1980 were 
s e l e c t e d  on t h e  b a s i s  o f  proximity t o  human 
h a b i t a t i o n ,  open water i n  s p r a y  b lock ,  proximity 
t o  s e n s i t i v e  a r e a s  and moderate i n f e s t a t i o n  con- 
d i t i o n s .  

R e s u l t s  o f  t h e  1980 p r o j e c t  were d i sap-  
po in t ing .  Fo l iage  p r o t e c t i o n  and l a r v a l  reduc- 
t i o n s  were extremely i n c o n s i s t e n t  and n o t  a l l  
block f a i l u r e s  could be explained.  An encourag- 
ing a s p e c t  was un i formal ly  good d e p o s i t  from 
l a r g e  j e t  h e l i c o p t e r s .  T e s t s  d i d  show t h a t  
Diepl 4L produced r e s u l t s  e q u i v a l e n t  t o  Thuri- 
cide 16B. The two s p r a y  volumes o f  Thur ic ide  
16B used d i d  no t  produce s i g n i f i c a n t l y  d i f f e r e n t  
r e s u l t s .  

Due l a r g e l y  t o  i n c o n s i s t e n c i e s  with 8 
B .1 .u . '~  i n  1978 t o  1980, a  number o f  dosage 
v a r i a t i o n s  were t r i e d  o p e r a t i o n a l l y  i n  1981 
(Table 1 ) .  Products  used i n  1981 were Thur ic ide  
16B and 24B and Dipel 4L. Spray volume ranged 
from 80 t o  120 ounces. The most important  
change i n  1981 was t h e  use o f  high dosages o f  B. 
t. a s  a  s i n g l e  a p p l i c a t i o n  o f  12 B.I .U. ' s  and 
two a p p l i c a t i o n s  o f  8  B.1.u. '~. Dosage was 
increased  t o  o b t a i n  more c o n s i s t e n t  r e s u l t s  from 
a range  o f  weather and i n f e s t a t i o n  c o n d i t i o n s .  

Severa l  o t h e r  a s p e c t s  o f  t h e  B. t. program 
d i d  n o t  change i n  1981. Large j e t  h e l i c o p t e r s  
were used, and B. t. b locks  were s e l e c t e d  a s  
before .  Buf fe rs  and r e s t r i c t i o n s  remained t h e  
same. The B. t. a r e a  remained r e l a t i v e l y  l a r g e ,  



covering 126,000 acres .  

Table 1. Results  o f  B. t. Treatment Var ia t ions  
By Area For t h e  1981 Maine Spruce Budworm Con- 

t r o l  Pro jec t  

Treatment Area Host Unadj. X Fol. 
Red. Def. Saved 

D i  pel 
8 B.1.u. '~ 
80 02. 18-1 F 95.5 87 13 

S 91.5 36 2 

SW* F 95.8 14 14 
S 94.1 12 10 

Thur i c  i d  e  
8 B.I.Uels 
80 02s. 18-2 F** 87.9 71 

S 88.8 18 

D i  pel 
12 B.1.u. '~ 
120 02s. 17-1 F 91.8 (24134 31 

S 85.2 (18124 14 

Thuricide 248 
12 B.I.Uels 
9 6 0 2 s .  7 P 1 .  F 95.3 26 60 

S 95.2 22 43 

D i  pel 
16 B.I.Uels 
8+8 
8 0 0 2 s .  5 ~ 1 .  F 95.7 50 42 

S 96.5 17 2 8 

* Pre counts  l e s s  than 10 ** Pre counts  25 o r  more 
Number in  (1  r ep re sen t s  omi t t ing  of  a  

sample 1 ine  which received heavy r a i n  
s h o r t l y  a f t e r  spray. 

A l l  a r ea s  sprayed with Bell 204 and 212 
He1 i cop te r  s . 

In 1981 cos t  o f  an 8 B.I.U. app l i ca t ion  
decreased t o  a range of  $7.37 t o  $8.75 from over 
$10.00 i n  1980 due t o  s t i f f  i n s e c t i c i d e  competi- 
t i o n ,  more concentrated B. t. products, and 
lower app l i ca t ion  cos t s .  The c o s t  of  a  12 
B.I.U. t reatment ranged from $11.73 t o  $12.89 
depending on spray  volume and i n s e c t i c i d e  used. 

Results  of  t h e  1981 pro jec t  were 

encouraging (Table 1) .  While r e s u l t s  i n  8 
B.I.U. a r e a s  varied from poor t o  good, r e s u l t s  
w i t h  12 B.1.u. '~ and two app l i ca t ions  o f  8 
B.I.Uels were c o n s i s t e n t l y  good. Two a r e a s  
t r ea t ed  with 12 B.I.U.'s had good r e s u l t s  even 
though budworm populat ions i n  t hese  a r eas  were 
high. Population reduct ion  and fo l i age  protec- 
t i o n  i n  12 B.I.U. a r eas  were no t  s i g n i f i c a n t l y  
d i f f e r e n t  from s imi l a r  a r e a s  sprayed with chemi- 
c a l  i n sec t i c ides .  

It was f i r s t  noticed i n  1981 t h a t  B. t. was 
producing good r e s u l t s  on red spruce e s p e c i a l l y  
a t  t he  12 B.I.U. r a t e .  Red spruce pro tec t ion  
was a growing concern and chemical t reatment had 
been only  marginally e f f e c t i v e .  

The 1982 Be t. program was gene ra l ly  
planned t o  confirm 1981 r e s u l t s ,  t o  re-evaluate 
small fixed-wing a i r c r a f t ,  t o  opera t ional1  y 
a s se s s  Thuricide 32LV and Bactospiene, and t o  
t r e a t  ope ra t iona l ly  s e n s i t i v e  a r eas  with an 
environmentally s a f e  product. About 89,000 
ac re s  were t r ea t ed  with spray v a r i a t i o n s  l i s t e d  
i n  Table 2. 

Table 2. Results  o f  B. t. Pea tmen t  Var ia t ions  
By Area f o r  t he  1982 Maine Spruce Budworm Con- 

t r o l  Pro jec t  

XUnadj. $ X F o l .  
Treatment Area Host Red. Def. Saved 

12 B . 1 . u . ' ~  
96 02. 

Thrush 
w/ Micro. J5 F 98.0 10.7 25.1 

S 98.4 5.7 21.6 

Thuricide 32LV 
12 B.1 .u . '~  
96 02s. 
Thrush 
w/Micro 55 F 98.7 17.3 18.5 

S 98.9 9.7 17.6 

* Bactospiene 
12 B.1 .u . '~  
96 02. 
Heli .  B13 F 91.3 12.0 22.8 

S 91.9 8.0 21.5 

* This a r ea  received r a i n  within 4 hours 
o f  appl ica t ion .  

Most products  were applied a t  96 02s. per 
ac re ,  but some Dipel 4L was sprayed a t  120 02s. 
per acre .  Cost o f  a  12 B.I.U. app l i ca t ion  a t  96 
02s. per acre were t h e  same a s  i n  1981 f o r  



Thur ic ide  and about $2.00 more f o r  Dipel 4L. 
Cost o f  applying a  12 B.I.U. t r ea tment  with a  
small  fixed-wing a i r c r a f t  r a t h e r  than  a  j e t  hel- 
i c o p t e r  was about $2.00 l e s s  per a c r e .  

Fixed-wing a i r c r a f t  used i n  1982 were 
equipped with Micronair r o t o r y  a tomizers  r a t h e r  
t h a n  boom and nozz le  systems. Previous t e s t s  
had shown improved B. t .  d e p o s i t  from t h i s  t y p e  
o f  equipment. Spray d e p o s i t  r e s u l t s  from t h e  
1982 Maine o p e r a t i o n s  showed t h a t  d e p o s i t  from 
Micronair  equipped Thrushes and j e t  he1 i c o p t e r  s 
were s i m i l a r  i n  terms o f  o v e r a l l  block coverage 
and d r o p l e t s  per u n i t  a rea .  

E f f i c a c y  r e s u l t s  f o r  1982 confirmed 1981 
r e s u l t s  with 12 B.I.U. a p p l i c a t i o n s  (Table  2 ) .  
A l l  12 B.I.U. v a r i a t i o n s  eva lua ted  had good 
f o l  i a g e  p r o t e c t i o n  and popula t ion  r e d u c t i o n  was 
s i m i l a r  t o  r e d u c t i o n s  with chemicals .  Compari- 
s o n s  between Dipel 4L and 32LV showed no s i g n i f -  
i c a n t  e f f i c a c y  d i f f e r e n c e .  R e s u l t s  wi th  Bactos- 
piene were inconc lus ive  due t o  poor s p r a y  
weather. 

The e f f e c t  o f  s p r a y  volume was compared i n  
1982 using Dipel 4L a t  120 and 96 ozs .  o f  f i n a l  
s p r a y  volume. No s i g n i f i c a n t  d i f f e r e n c e  was 
found between t h e  two volumes. 

P r o t e c t i o n  o f  red spruce  with B. t. was 
eva lua ted  i n  1982. S i n g l e  12 B.I.U. app l ica -  
t i o n s  o f  Dipel 4L o r  Thur ic ide  32LV were found 
t o  be comparable t o  s p l i t  a p p l i c a t i o n s  o f  Sev- 
in-4-Oil f o r  p r o t e c t i o n  o f  red spruce.  B. t .  
a p p l i c a t i o n s  were a b l e  t o  prevent  about h a l f  t h e  
d e f o l i a t i o n  expected on t h e  red  spruce  assessed .  

Ef f icacy  i n  1982 on b locks  t r e a t e d  with 
Micronair  equipped small fixed-wing a i r c r a f t  was 
equa l  t o  e f f i c a c y  achieved with boom and nozz le  
equipped j e t  he1 i c o p t e r s .  Fixed-wing r e s u l t s  i n  
1982 l e d  t o  a  change i n  t h e  favored s t a t u s  held 
by h e l i c o p t e r s .  The d e c i s i o n  was made t o  choose 
1983 a i r c r a f t  on t h e  b a s i s  o f  p r i c e .  Rotory 
a tomizers  would a l s o  be  r e q u i r e d .  

A new m a t e r i a l  , volume changes,  and addi- 
t i o n a l  e v a l u a t i o n  o f  B. t. e f f i c a c y  on spruce  
were considered dur ing  t h e  1983 Maine program. 
In  a d d i t i o n  t o  t h e  119,000 a c r e  S t a t e  run  pro- 
gram, B. t. was appl ied  on l a n d s  owned by t h e  
Penobscot and Passamaquoddy Indian T r i b e s  and a s  
a  p a r t  o f  a  l a r g e  p r i v a t e  p r o j e c t .  

Maine added Dipel 6L t o  i ts  l ist  o f  opera- 
t i o n a l  m a t e r i a l s  (Table  3 ) .  Spray volume was 
reduced t o  64 ounces o r  l e s s  f o r  a l l  i n s e c t i -  
c i d e s  used by t h e  S t a t e  except  Thur ic ide  24B. 
Dipel 4L, Dipel 6L, and Thur ic ide  32LV were a l s o  
app l ied  undi lu ted  a t  48, 32, and 48 ozs .  respec-  
t i v e l y .  I n t e r n a t i o n a l  Paper Company appl ied  
Dipel 6L and 8L undi lu ted  i n  about 25% o f  t h e i r  
1983 p r o j e c t .  Baskahegan Company used Thur ic ide  
32LV on t h e i r  p r i v a t e  p r o j e c t .  The Penobscot 
and Passamaquoddy Ind ian  T r i b e s  used a  v a r i e t y  
o f  B. t .  p r o d u c t s o n  a 4 0 , 0 0 0  a c r e  p r o j e c t .  
F i n a l l y ,  t h e  S t a t e  o f  Vermont conducted a  1,700 

a c r e  p r o j e c t  using Thur ic ide  32LV, Bactospiene,  
and Dipel 6L. A l l  1983 a p p l i c a t i o n s  i n  t h e  
e a s t e r n  U. S. were a t  12  B.I.U.'s. A l l  app l ica -  
t i o n s  i n  Maine were done with small  fixed-wing 
a i r c r a f t  a t  c o s t s  varying from $5.00 t o  $8.00 
per acre.  Cost r e d u c t i o n s  were g r e a t e s t  i n  
small  p r i v a t e  p r o j e c t s  p r i m a r i l y  due t o  low 
p r o j e c t  overhead. I n s e c t i c i d e  c o s t s  were s ig -  
n i f i c a n t l y  lower i n  1983 due t o  compet i t ion .  

Table 3. R e s u l t s  o f  B. t. I n s e c t i c i d e  Treatment 
V a r i a t i o n s  by Area For t h e  

1983 Maine Spruce Budworm Control  P r o j e c t  

% Unadj. % 
Treatment Area Host Red. Def. 

Dipel 4L 
12 B . 1 . u . l ~  
48 ozs .  
Undil.  M 5  F  94.5 15.1 

S  96.4 16.4 

Dipel 6L 
12 B.I.U.ls 
32 02s. 
Undil.  MI0 F  87.5 28.4 

S  86.6 20.9 

Thur ic ide  32LV 
12  B.1 .u . l~  
6 4 0 2 s .  G26 F  91.3 52.2 

S  97.4 34.1 

Thur i c  id  e  32LV 
12  B.I.Uels 
48 oz.  
Undil. B13 F  85.4 56.9 

S  96.9 24.3 

Thur ic ide  24B 
12 B.I.U.ls 
96 ozs .  512 F 91.2 33.4 

S  91.8 13.1 

% Fol .  
Saved 



Tab le  3  Con t inued .  

% Unadj.  % % F o l .  
T rea tmen t  Area Host Red. Def. Saved 

B a c t o s p i e n e  
1 2  B.I.U.'s 
6 4 o z s .  G27 F 86.7 45.6 27.2 

S  81.9 42.8 29.4 

A l l  a r e a s  were t r e a t e d  w i t h  Thrushes  o r  
M18 a i r c r a f t  w i th  M i c r o n a i r s  

E f f i c a c y  o f  a l l  1983 budworm t r e a t m e n t s  was 
down because  o f  poor s p r a y  weather  and unusua l  
1 a r v a l / h o s t  synchrony.  However, n e a r 1  y  a l l  B. 
t .  a p p l i c a t i o n s  conducted i n  1983 were success -  
f u l .  R e s u l t s  o f  t h e  Maine B. t .  t r e a t m e n t s  
( T a b l e  3 )  were a g a i n  comparable  t o  chemica l  
t r e a t m e n t s .  Some b l o c k s  r e c e i v e d  o n l y  f a i r  
f o l i a g e  p r o t e c t i o n ,  b u t  t h e s e  b l o c k s  were 
s p r a y e d  l a t e  when much d e f o l i a t i o n  had a l r e a d v  
o c c u r r e d .  

Und i lu t ed  a p p l i c a t i o n s  o f  Dipel  4L and 6L 
and T h u r i c i d e  32LV were a s  e f f e c t i v e  a s  64 oz .  
appl  i c a t i o n s  made under s i m i l a r  c o n d i t i o n s .  
S p r a y  d e p o s i t  w i t h  u n d i l u t e d  m a t e r i a l s  was com- 
p a r a b l e  t o  d e p o s i t  w i th  64 o z .  a p p l i c a t i o n s .  

P r o t e c t i o n  o f  r e d  s p r u c e  wi th  B. t .  was 
good f o r  t h e  t h i r d  c o n s e c u t i v e  s e a s o n .  Defo l i a -  
t i o n  on s p r u c e  was u n u s u a l l y  s e v e r e  i n  Maine i n  
1983,  b u t  B. t .  a p p l i c a t i o n s  were a b l e  t o  r e d u c e  
d e f o l i a t i o n  t o  50% of  expec ted  i n  most b l o c k s .  

To summarize,  t h e  s i x  y e a r s  o f  o p e r a t i o n a l  
B. t. u s a g e  have l e d  t o  s u b s t a n t i a l  changes  i n  
B. t .  u s a g e  p a t t e r n s  i n  Maine. I t  seems appro- 
p r i a t e  t o  end t h i s  pape r  wi th  t h e  c u r r e n t  s t a t u s  
of B. t .  a p p l i c a t i o n  i n  Maine and t h e  e a s t e r n  U. 
S.. 

Dosage - The 1 2  B.I.U. d o s a g e  is  g e n e r a l l y  
a c c e p t e d  i n  Maine and t h e  e a s t e r n  U.  S.. T h i s  
r a t e  h a s  a  n e a r l y  p e r f e c t  r e c o r d  o f  s u c c e s s  o v e r  
t h r e e  y e a r s  o f  use .  A change  from 12  B.I.U.'s 
t o  a  lower  r a t e  would r e q u i r e  s i g n i f i c a n t  ev i -  
d ence  . 

M a t e r i a l  - C u r r e n t l y  a v a i l a b l e  m a t e r i a l s  
f a v o r e d  f o r  u se  i n  t h e  eas t , e rn  U. S. a r e  Bactos- 
p i e n e ,  D ipe l  4L, 6L, and 8L, and T h u r i c i d e  32LV 
and 48LV. 

Volume - Low s p r a y  volume is g e n e r a l l y  
a c c e p t e d .  Volumes o f  64 o z s .  have been proven 
a s  e f f e c t i v e  a s  h i g h  volumes used i n  t h e  p a s t .  
The Maine S t a t e  program f a v o r s  u n d i l u t e d  a p p l i -  
c a t i o n s  a t  48,  32,  o r  24 o u n c e s  depend ing  on 
which p r o d u c t  is  used. 

Cos t  - B. t .  c o s t s  have shown l a r g e  r educ -  - 
t i o n s  s i n c e  1978 due  t o  c o m p e t i t i o n ,  concen- 
t r a t e d  p r o d u c t s ,  and lower  e m i s s i o n  r a t e s  which 

lower  a p p l i c a t i o n  c o s t s .  B. t .  c o s t s  a r e  now 
c l o s e  t o  t h e  c o s t  o f  Sevin-4-Oil ,  b u t  remain 
s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  c o s t  o f  M a t a c i l  o r  
Zec t r  an . 

A i r c r a f t  - Smal l  f ixed-wing a i r c r a f t  a r e  
now p r e f e r r e d  a s  a  less e x p e n s i v e ,  b u t  e f f e c t i v e  
a1  t e r n a t i v e  t o  he1  i c o p t e r s  . 

Spray  D e l i v e r y  System - Microna i r  a t o m i z e r s  
a r e  p r e f e r r e d  t o  boom and n o z z l e  s y s t e m s .  

E f f i c a c y  - F o l i a g e  p r o t e c t i o n  and popul a- 
t i o n  r e d u c t i o n s  on s p r u c e  w i t h  1 2  B.I.U.'s o f  B. 
t .  have been comparable  t o  chemica l  r e s u l t s .  
R e s u l t s  wi th  B. t .  on f i r  a r e  n o t  u s u a l l y  d i f -  
f e r e n t  from chemica l  r e s u l t s ,  b u t  i n  an excep- 
t i o n a l  y e a r ,  chemica l  r e s u l t s  o f  f i r  can b e  s i g -  
n i f i c a n t l y  b e t t e r .  

Timing - B. t .  h a s  been e f f e c t i v e  from t h e  
rnid 4 t h  t o  e a r l y  6 t h  i n s t a r s .  E a r l y  t i m i n g  i s  
r e s t r i c t e d  by need f o r  bud expans ion  t o  p r o v i d e  
a  f o l i a r  t a r g e t .  Sp ray  a p p l i c a t i o n s  d u r i n g  l a t e  
i n s t a r s  a r e  r e s t r i c t e d  by t h e  amount o f  p r e s p r a y  
damage. 

O p e r a t i o n a l  C o n s i d e r a t i o n s  - Und i l u t e d  B. 
t .  m a t e r i a l s  do  n o t  p r e s e n t  any unusua l  ope ra -  
t i o n a l  problems.  However, b u l k  sh ipmen t  would 
be  an improvement. 

Usaae P a t t e r n s  I n  Maine 

1 .  Can b e  used on any l e v e l  o f  budworm 
p o p u l a t i o n  

2. Of t en  f avored  on a r e a s  w i t h  a  h i g h  
s p r u c e  c o n t e n t  (70% s p r u c e )  

3 .  Not f avored  on f i r  i n  c r i t i c a l  condi-  
t i o n  

4. Favored i n  wet a r e a s  where chemica l  
b u f f e r s  h i n d e r  s p r a y  c o v e r a g e  

5.  Favored n e a r  env i ronmen ta l  h a z a r d s  

6 .  Favored n e a r  human h a b i t a t i o n  

7 .  The p e r c e n t a g e  o f  t h e  Maine s p r a y  
p r o j e c t  t r e a t e d  w i t h  B. t. h a s  shown a 
g r a d u a l  i n c r e a s e  s i n c e  1978. 

Approximate P e r c e n t a g e  o f  
Year Acreage Opera t ion  

1978 20,000 1  
1979 38,000 2  
1980 200,000 15 
1981 126,000 11 
1982 89,000 10 
1983 119,000 14 
P l  anned 
1984 250,000 30 



O p e r a t i o n a l  Weather G u i d e l i n e s  

1. Should n o t  b e  sprayed when c o o l ,  wet 
weather  is p r e d i c t e d  s h o r t l y  a f t e r  
s p r  a Y 

2. Best r e s u l t s  a r e  expec ted  when warm, 
d r y  c o n d i t i o n s  a r e  expec ted  f o r  a d a y  
o r  two a f t e r  s p r a y  

3. Weather r e q u i r e m e n t s  a r e  more r e s t r i c -  
t i v e  than  t h o s e  f o r  c o n t a c t  c h e m i c a l s  
due  t o  t h e  q u i c k e r  a c t i o n  o f  c h e m i c a l s  




