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F i e l d  t e s t s  were conducted i n  1980, 1981, and 
1982 with a  new B a c i l l u s  t h u r i n g i e n s i s  formula 
c a l l e d  Futura.  T e s t s  were conducted wi th  a  
Grumman AgCat a i r c r a f t  on 40 ha f o r e s t  blocks and 
wi th  a  DC-4G a i r c r a f t  on l a r g e r  f o r e s t e d  a r e a s .  
Fu tura  which is  a b l e  t o  d i s p e r s e  the  requ i red  
20 x 10' 1 . ~ . / h a  f o r  spruce budworm c o n t r o l  i n  
2.5 L/ha proved t o  be p h y s i c a l l y  and b a c t e r i o l o g i -  
c a l l y  s t a b l e  and easy t o  mix. Also i t  assured a  
d e p o s i t  of up t o  80% emi t ted  volume, a  l a r v a l  
m o r t a l i t y  i n  the  range of 70 t o  90%, and a  f o l i a g e  
p r o t e c t i o n  of about 70%. Because of i ts  low-volu- 
me d i s p e r s i o n  proper ty  and o t h e r  q u a l i t i e s  it is a 
most va luab le  a l t e r n a t i v e  t o  chemical i n s e c t i c i d e s  
f o r  spruce  budworm c o n t r o l .  

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

I n v e s t i g a t i o n s  wi th  B a c i l l u s  t h u r i n g i e n s i s  
c a r r i e d  out  dur ing  the  p a s t  10 y e a r s ,  have shown 
t h a t  t h i s  entomopathogen can be used e f f e c t i v e l y  
f o r  the  o p e r a t i o n a l  c o n t r o l  of spruce budworm. 
Chor i s toneura  fumif e r a n a  (Clem. ) -  ( ~ e ~ i d o ~ t e r a :  
T o r t r i c i d a e )  (Smirnoff 1978, Smirnoff 1979, 
Smirnoff 1980a). This  work l e d  t o  t h e  development 
of a  compact, e f f i c i e n t ,  and economical B. t h u r i n -  
g i e n s i s  s ~ ~ s p e n s i o n  which could be d i s p e r s e d  a t  t h e  
dosage of 20 x 10 I .U. i n  a  f i n a l  volume of 2.5 
 ha (Smirnoff 1981). This  p r e p a r a t i o n ,  c a l l e d  
Futura ,  was t e s t e d  dur ing  c a l i b r a t i o n  t e s t s  
(Smirnoff 1980b, c )  and f i e l d  t e s t e d  i n  1980, 
1981, 1982, and 1983 (SmCrnoff e t  a l .  1982, 
Srnirnoff and Val6ro 1983). 

M a t e r i a l s  and Methods 

A l l  s t a n d s  were composed of 70% balsam f i r ,  
Abies balsamea (L.) M i l l . ,  w i th  whi te  spruce ,  - 
P i c e a  g lauca  (Moench) Voss, t rembling aspen,  Popu- -- 
l u s  t remulo ides  Michx., and white  b i r c h ,  Be tu la  - 
p a p y r i f e r a  Marsh., a s  remaining spec ies .  These 
s t a n d s  were 55 t o  65 years  old and considered 
adequate f o r  t h e  requirements  of pulp and paper 
i n d u s t r i e s .  

The t e s t s  were conducted i n  t h e  Chicout imi 
r e g i o n  of Quebec on 40 ha blocks of f o r e s t  s e v e r l y  
i n f e s t e d  wi th  spruce budworm. Three blocks (one 

each y e a r )  of 3  500 ha,  were t r e a t e d  by t h e  Quebec 
Department of Energy and Resources i n  t h e  RiviGre- 
du-Loup reg ion  of Quebec. Three sample p l o t s ,  
c o n s i s t i n g  of t r a n s e c t s  wi th  5 marked t r e e s ,  one 
c h a i n  a p a r t ,  were e s t a b l i s h e d  i n  each 40 ha block 
and e i g h t  i n  a  nearby u n t r e a t e d  a r e a .  Nine sample 
p l o t s  were e s t a b l i s h e d  i n  t h e  3 500 ha t r e a t e d  
blocks and e i g h t  i n  a  nearby u n t r e a t e d  a rea .  

Samples were taken from the  upper p a r t  of t h e  
median s e c t i o n  of t r e e s .  To a s s e s s  l a r v a l  morta- 
l i t y ,  two samples were made before ,  and four  a f t e r  
t rea tment  i n  each of t h e  sample p l o t s .  Post- 
t rea tment  samples were c o l l e c t e d  10 days a f t e r  
spray ing ,  a t  peak Lg and a g a i n  a t  90% a d u l t  
emergence. For determining d e f o l i a t i o n ,  t h e  
methods of F e t t e s  (1950) and Dorais  and Hardy 
(1976) were used. Also, assessment of the  c u r r e n t  
y e a r  growth mass was c a r r i e d  out .  Tree m o r t a l i t y ,  
e f f i c i e n c y  of t rea tment  sequences, l o s s  of wood 
volume, and s t a n d  improvement were assessed  i n  
0.04 ha sample p l o t s  e s t a b l i s h e d  i n  each t r e a t e d  
block and i n  t h e  u n t r e a t e d  a rea .  

The 40 ha blocks were t r e a t e d  wi th  a  Grumman 
AgCat a i r c r a f t  equipped wi th  a  boom and nozz le  
spray  system composed of f l a t  fan (T8004) nozzles .  
The 3 500 ha b locks  were done e i t h e r  wi th  a  DC-4G 
o r  a  Super C o n s t e l l a t i o n  L-749 a i r c r a f t  equipped 
w i t h  a  boom and nozz le  spray  system composed of 
110 open type nozz les  evenly d i s t r i b u t e d  on each 
boom i n  1981 and 1982, and c l o s e  t o  f u s e l a g e  i n  
1983 t o  improve d e p o s i t .  The spray  system on both 
a i r c r a f  ts had been c a l i b r a t e d  e x t e n s i v e l y  t o  o p t i -  
mize deposit:/. For t h e  t h r e e  y e a r s  t h e  d i sper -  
s i o n s  were c a r r i e d  ou t  from June 3 t o  15 ,  tempera- 
t u r e  v a r i e d  between 1°C and 1 4 O ~ ,  r e l a t i v e  humi- 
d i t y  between 60 and 100%, and winds were always 
below 10 km/h. 

The method of Smirnoff (1980b, 1982) was used 
t o  a s s e s s  d e p o s i t  i n  number of v i a b l e  spores  per  
square cen t imet re .  This  impl ies  d i s t r i b u t i o n  of 
c o n t a i n e r s  wi th  peptonized water  a t  30 m i n t e r v a l s  
a long a  t r a n s e c t  perpendicu la r  t o  f l i g h t  l i n e s .  

Concurrent ly,  biochemical  a n a l y s e s  were cond- 
uc ted  on r e s i d u a l  pupae from blocks t r e a t e d  wi th  
B. t h u r i n e i e n s i s  and- from t h e  u n t r e a t e d  a r e a  t o  - - 
determine any r e s i d u a l  e f f e c t  of 2. t h u r i n g i e n s i s  
on the  spruce budworm popula t ions  (Smirnoff 1983). 
Measurements were a l s o -  &de on r e s i d u a l  pupae from 
blocks t r e a t e d  with chemical i n s e c t i c i d e s  t o  
o b t a i n  comparative va lues .  

Formulas used : 
1 .- Futura  11 : 15% B. t h u r i n g i e n s i s  primary 
powder (80 000 I n t e r n a t i o n a l  Units/mg); 44.8% 
sorb0  (an aqueous 70% s o r b i t o l  s o l u t i o n ) ;  33.7% 
water ;  6.5% i n e r t  i n g r e d i e n t s ;  and 111 600 Chevron 
s t i c k e r .  
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Each hec t a r e  was sprayed with 1.5 L of the  above 
prepara t ion  d i l u t e d  wi th  1 L of non-chlorinated 
water  and 1.56 mL of Chevron s t i c k e r .  
2.- Thur ic ide  48B 2: 2 p a r t s  Thur ic ide  48B; 1 
p a r t  non-chlorinated water; and 111600 Chevron 
s t i c k e r .  
3.- Thur ic ide  48LV 2: 50 p a r t s  Thur ic ide  48LV; 
20 p a r t s  Sorbo; 30 p a r t s  non-chlorinated water; 
and 1/1600 Chevron s t i c k e r .  

Resu l t s  

F i e ld  t e s t s  
1980. I n  1980 spruce budworm popula t ions  i n  

t h e  region of t he  f i e l d  s t a t i o n ,  Chicoutimi, 
Quebec, were r a the r  low and t e s t s  aimed mainly a t  
comparing Futura with t he  Thuricide + s o r b i t o l  
formula used a t  4.7  m ha i n  l a rge  f i e l d  t e s t s .  
Resu l t s  revealed t h a t  depos i t  with Futura was good 
wi th  348 756 v i a b l e  spores per  square cen t imet re  
over a  t h e o r e t i c a l  emission of 445 000 spores  per  
square cen t imet re  meanins t h a t  80% of emit ted 
number of spores were deposi ted a t  ground l eve l .  
Larva l  m o r t a l i t y  was 72 -2% and d e f o l i a t i o n  7.45%. 
These f i g u r e s  compared advantageously with r e s u l t s  
given by t he  Thur ic ide  + s o r b i t o l  formula and were 
of course much b e t t e r  than those  obtained i n  
un t rea ted  p l o t s .  Futura d i spersed  we l l ,  provoked 
a s u i t a b l e  l a r v a l  mor t a l i t y ,  and pro tec ted  f o l i a g e  
s u f f i c i e n t l y .  The next s t e p  was t o  t e s t  it i n  
s eve re ly  i n f e s t ed  s tands  suppor t ing  var ious  
degrees of d e f o l i a t i o n .  

1981. I n  1981 t h r ee  s e r i e s  of f i e l d  t e s t s  
were c a r r i e d  out .  The f i r s t  t r e a t e d  7 x 40 ha 
p l o t s  with Futura  a t  2.5  ha (20 x l o 9  1 . ~ . / h a )  
using a Grumman &Cat a i r c r a f t .  The second t e s t  
t r e a t ed  895 ha with Futura a t  2.35 L/ha (18.8 x 10 '  
I.u./ ha)  by means of a  Super Cons t e l l a t i on  L-749 
a i r c r a f t .  The t h i r d  t e s t ,  c a r r i e d  ou t  simulta- 
neously with t h e  f i r s t  t e s t  a s  a  compagnion, 
involved t rea tments  using Thur ic ide  3 2 ~ /  sorb01 
water/chi t inase/Chevron (20 x l o 9  I , ~ . / h a  i n  a  
f i n a l  volume of 4.7  ha) by means of a  Grumman 
AgCat a i r c r a f t .  Resu l t s  a r e  summarized i n  Table 
1. They show t h a t  Futura d i spersed  by the  Grumman 
AgCat was ab l e  t o  y i e ld  a good l a r v a l  mor t a l i t y  
and f o l i a g e  pro tec t ion .  Larval  m o r t a l i t y  was 
72.0% 10 days a f t e r  t reatment  d i spersed  a t  2.5  ha 
compared t o  70.3% with Thuricide + s o r b i t o l ,  d i s -  
persed a t  4.7  ha. Defo l i a t i on  with Futura aver- 
aged 44.1% , but  some of the  blocks were i n  a  des- 
p e r a t e  s i t u a t i o n  a f t e r  s e v e r a l  years  of severe  
d e f o l i a t i o n .  Thur ic ide  + s o r b i t o l  y ie lded  a 67.051: 
d e f o l i a t i o n  f o r  a  s tand i n  an acceptab le  condi t ion  
(Table 1) .  

Dispers ion  of Futura by means of the  Super 
Cons t e l l a t i on  a i r c r a f t  a t  2.5  h ha y ie lded  a 75.0 
t o  96.9% l a r v a l  m o r t a l i t y  f o r  a  p re t rea tment  popu- 
l a t i o n  averaging 27.5 l a r v a e  per  45 cm with a  peak 
a t  46.2 l a rvae  per 45 cm (Table 1) .  De fo l i a t i on  
was 25 t o  40% i n  p l o t s  with 10 t o  20 l a r v a e  per  
45. cm and 50 t o  60% i n  p l o t s  wi th  25 t o  35 l a r v a e  
per  45 cm. 

F i n a l l y ,  f o l i a g e  p o t e n t i a l  (buds formed i n  
the  f a l l )  increased i n  a l l  t r e a t e d  p l o t s  and 
decreased i n  un t rea ted  p l o t s  (Table 1 ) .  A t  t h e  
end of t he  1981 f i e l d  season i t  was concluded t h a t  
Futura was a b l e  t o  k i l l  spruce budworm and p r o t e c t  
f o l i a g e  with ha l f  of the  volume s f  the  2. thur in-  
g i e n s i s  formulas used precedingly,  2.5  h ha in- 
s tead  of 4.7  h ha. 

1982. F ive  40 ha blocks were t r e a t e d  wi th  
Futura  (20 x l o 9  1.11. i n  2.5 L/ha); one 40 ha 
block with Thur ic ide  48B (20 x 10 ' I . U .  i n  2.5 
~ I h a ) ;  another  40 ha block with Futura (30 x 10' 
I .U.  i n  3.75 L/ha); and one more with Thur ic ide  
48LV (30 x 10' 1 .U.  i n  4.7  h ha). The aim was t o  
determine t he  e f f i c i e n c y  of Futura i n  d i f f e r e n t  
condi t ions  of s tand d e t e r i o r a t i o n  and populat ion 
l e v e l s  and compared it with a  h igher  dosage of an 
o the r  formula. Resu l t s  a r e  summarized i n  Table 2. 
Also, a  3 500 ha block was t r e a t e d  with Futura by 
means of a  DC-4G a i r c r a f t .  

The number of 2. t h u r i n g i e n s i s  v i a b l e  spores  
i n i t i a l l v  emit ted was 445 000 per  square centime- 
t r e  f o r  ; dosage of 20 x 10' I ;U./~;  and 667 500 
per  square cen t imet re  f o r  a  dosage of 30 x 10'  
I.U./ha. I n  blocks t r e a t ed  with Futura a t  2.5 L/ha 
f o r  a  dosage of 20 x 10 ' I .U. , the  number of via- 
b l e  spores deposi ted var ied  from 269 830 t o  406 821 
spores  per  square cen t imet re  and averaged 351 848 
per square cen t imet re .  Deposit was 268 862 spores  
per  square cen t imet re  with Thuricide 48B. I n  
blocks t r e a t ed  with a  dosage of 30 x 10 ' I.U./ha, 
depos i t  was 520 300 v i a b l e  spores  per  square cen- 
t ime t r e  f o r  Futura (3.75  ha) and f o r  Thur ic ide  
48LV (4.7  ha), 608 388 spores  per  square cen t i -  
metre. Deposit with Futura d i spersed  with a  DC-4G 
was 222 400 v i a b l e  spores  per square cen t imet re  
(Table 2) .  Deposit var ied  from 60 t o  90% of t he  
emi t ted  number of spores during treatment  with the  
Grumman AgCat a i r c r a f t  . 

Larva l  m o r t a l i t y  e s t ab l i shed  10 days a f t e r  
t rea tment  averaged 91.5% i n  blocks t r e a t e d  a t  
20 x 10' I.U./ha compared wi th  95.3% i n  blocks 
t r e a t e d  a t  30 x 10 '  ha showing t h a t  h igher  
dosage has l i t t l e  e f f e c t  on spruce budworm morta- 
l i t y .  De fo l i a t i on  of cu r r en t  year  shoots  averaged 
13.4% i n  blocks t r e a t ed  a t  20 x l o 9  1 . ~ . / h a  and 
was 24.7% i n  blocks t r e a t ed  a t  30 x 10 ' I.u. /ha. 
I n  un t rea ted  a r ea s  d e f o l i a t i o n  was 100% (Table 2) .  

The cu r r en t  year  growth mass a l s o  i n d i c a t e s  
t h e  va luable  p ro t ec t i on  r e s u l t i n g  from the  use of 
Futura  a t  20 x l o 9  1 . ~ . / h a .  For each 100 cm 
branch, 49.0 g of cu r r en t  year  shoots  were pro- 
t e c t ed  while  only 1.2 g remained i n  un t rea ted  
p l o t s  (Table 2) .  Resu l t s  us ing  t he  DC-4G were 
s a t i s f a c t o r y  (Table 2) .  Also, c a l i b r a t i o n  t e s t s  
conducted i n  t he  f a l l  of 1982 with t h e  DC-4G a i r -  
c r a f t  revealed t h a t  an i nc r ea se  of 50% i n  depos i t  
of 2. t h u r i n g i e n s i s  can be obtained by d i s t r i b u t -  
ing  t he  110 nozzles  on the  DC-4G c lo se  t o  f u se l -  
age,  55 on each s i d e . /  

' /smirnoff and Valgro, submitted Environment 
'1 Zoecon Inc. ,  a  subs id i r ay  of Sandoz Inc. ,  Pa lo  - - Canada, Canadian Fo re s t ry  Serv ice ,  Bi-Mon. Res. 
Al to ,  C a l i f o r n i a ,  USA Notes. 
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Table 1. Rermlts of field tests with Bacillus thuriqiensis @nst the spruce W r m  i n  1981 

Forrmlas Dosages Velum? D e p i t  Pretreatment Current y?ar Mass of Wads formed 
x lo9 1.u.h   ha viable spores/ Populations growth current year (for the next 

an2 defoliation growldl00 an wr ) 
Larvae/ Larvae/ % branch % 
45 an bud g 
bran& 
t i p  

Futura 
Averagefitma 
Thuricide 32~/ 
Sorbo/Water 

a/ 
untreated- 

Super constellation L-749 
b/ - 

Futura 
c/ - 

Untreated 

Awr%e for 8 W e  fiats; b/ Awrage for 9 sanple plots; _J Awrage for 5 sanple plots. - 

Table 2. Results of field tests tdth Bacillus thuriqiensis @nst the spruce Mmrm in  1982 

Formulas Dosages Voluw P e p i t  Pretreatmnt Current year Mass of Buds formed 
x 10' I . T J . / ~   ha viable spores/ Populations graWth w e n t  year (for the next 

an2 defoliation growtld100 an Far ) 
Lanme/ Larvae/ % branch % 
45 an bud 
branch 
t i p  

Futura 
Futura 
Awrage-fitura 
Thuricide 48B 
Futura 
Thuricide 48LV 

a/ 
untreated'- 

DC-4G: Four englnes 
b/ - 

Futura 20 .O 2.55 222 400 31.8 0.19 24.9 43.7 80.1 
J 

Untreated- - - - 30.1 0.28 100 .O 0.6 10.2 
-- - 

a/ Aw-e for 8 sample plots; k/ Awrage for 9 w e  plots; _J Average for 5 sanple plots. - 
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1983. The f i e l d  t e s t s  were aimed a t  d e t e r -  
mining t h e  t h e o r e t i c a l  minimum dosage t h a t  can be 
used with Futura.  Thus, Futura was d i s p e r s e d  a t  
2.50, 2.14, 1.43, and 0.71  ha (35.0, 30.0, 20.0, 
and 10.0 ounces /acre ) .  Also, a new device  c a l l e d  
"pyramid" was developed t o  determine spreading of 
B. t h u r i n g i e n s i s  d i s p e r s i o n  i n  a t r e e  f o r  each - 
dosage t e s t e d  and f o r  each f l i g h t .  P e t r i  d i s h e s  
wi th  n u t r i e n t  agar  medium and c o n t a i n e r s  with 
peptonized water  were placed a t  d i f f e r e n t  l e v e l s  
and dep th  i n  t h e  t r e e  crown and under i t .  Some 
2 000 ana lyses  were c a r r i e d  out  and pre l iminary  
r e s u l t s  revea l :  t h e r e  is no r e l a t i o n  between t h e  
number of v i a b l e  spores  per  square cen t imet re  and 
t h e  number of d r o p l e t s  per  square cen t imet re ;  
e v a l u a t i o n  of the  number of v i a b l e  spores  d i s p e r s -  
ed i s  t h e  only va luab le  f i g u r e  f o r  d e p o s i t  assess -  
ment; d e p o s i t  a t  d i f f e r e n t  l e v e l s  i n  t h e  t r e e  
v a r i e d  wi th  h e i g h t  of d i s p e r s i o n  ( f l i g h t  a l t i -  
tude) .  

R e s u l t s  of f i e l d  t e s t s  a r e  j u s t  being analys-  
ed and some of them a r e  repor ted  i n  Table 3. It 
can only be s a i d  a t  t h i s  time t h a t  i t  seems poss i -  
b l e  t o  reduce t h e  volume of Futura provided t h a t  
pure r  B. t h u r i n g i e n s i s  c o n c e n t r a t e s  be ob ta ined ,  
i . e .  c o n c e n t r a t e s  with l e s s  i n e r t  m a t e r i a l .  Th is  
would permit d r o p l e t s  wi th  a l a r g e r  number of 
s p o r e s ,  but s t i l l  provide t h e  20 x l o 9  ~ . U . / h a  
requ i red  f o r  spruce budworm c o n t r o l .  

Also, a 3 500 ha block was t r e a t e d  with Futu- 
r a  a t  2.5  h ha by means of a DC-4G a i r c r a f t .  
Although pre t rea tment  popula t ion  was high,  50.6 
l a r v a e  per  45 cm o r  0.31 l a r v a e  per  bud, l a r v a l  
m o r t a l i t y  was 94.1%, t rea tment  e f f i c i e n c y  (Abbott 
1925) 78.9%, and d e f o l i a t i o n  between 40-50%. 

R e s u l t s  of Long-Term S t u d i e s  

Observat ions c a r r i e d  out  dur ing  the  l a s t  5 
y e a r s  i n  blocks t r e a t e d  wi th  d i f f e r e n t  t rea tment  
sequences,  i n  t h e  B. t h u r i n g i e n s i s  t r e a t e d  b locks ,  
and i n  t h e  u n t r e a t e d  a r e a ,  revea led  an average of 
255 dead t r e e s  per h e c t a r e  i n  t r e a t e d  blocks and 
706 dead t r e e s  per  h e c t a r e  i n  t h e  u n t r e a t e d  a rea .  
Thus 2. t h u r i n g i e n s i s  t rea tments  saved 451 stems 
per  h e c t a r e .  Tree m o r t a l i t y  i n  t r e a t e d  b locks  was 
12% and it was 40% i n  t h e  u n t r e a t e d  a r e a .  This  
r e p r e s e n t s  t h e  p r o t e c t i o n  of some 29 m e t r i c  tons  
of f o l i a g e  per  h e c t a r e  (12.91 tons  per a c r e )  over 
a 5 year  period.  S t u d i e s  con t inue  t o  determine 
p r o t e c t i o n  i n  terms of volume of wood per  hec- 
t a r e .  

R e s u l t s  of the  biochemical ana lyses  conducted 
d u r i n g  the  p a s t  8 years  revea led  t h a t  r e s i d u a l  - 
pupae of 2. fumif e r a n a  surv iv ing  i n  2. thur ing ien-  
s i s  t r e a t e d  a r e a s  have g r e a t l y  reduce p o t e n t i a l  - - -  - - - 
a c t i v i t y  compared wi th  t h a t  of pupae from u n t r e a t -  
ed a r e a s ,  a s  shown by t h e i r  weight ,  calcium l e v e l ,  
and t o t a l  p r o t e i n  con ten t  a s  w e l l  a s  by t h e i r  
hydroxybutyrate  dehydrogenase (aHBDH) and phos- 
pha tase  a c t i v i t i e s .  B. t h u r i n g i e n s i s  has  a r e s i -  
d u a l  e f f e c t  on t h e  s u r v i v i n g  5. fumiferana popula- 
t i o n s ,  invo lv ing  a marked d e c l i n e  i n  the  energy 
p o t e n t i a l  which is seen i n  p r a c t i c e  a s  a r e d u c t i o n  
i n  the  reproduc t ion  a b i l i t y  of the  r e s i d u a l  p e s t  
popula t ion  (Smirnoff 1976, 1983). Conversely, t h e  
weights  of calcium and t o t a l  p r o t e i n s  of pupae 
from a r e a s  t r e a t e d  with F e n i t r o t h i o n  (organophos- 
phate)  a r e  h igher  than i n  u n t r e a t e d  pupae. 
Because aHBDH i s  of g r e a t  importance dur ing  meta- 
morphosis and a d u l t  development, t h i s  h igher  l e v e l  
i s  s i g n i f i c a n t .  It thus  appears  t h a t  the  organo- 
phosphate t rea tments  encourage t h e  s u r v i v a l  of a 

Table 3. -Results of field tests with Bacillus thuriqiensis against the spruce b u d ~ ~ ~ r m  i n  1983 

ForwJlas Dosages Volm? Deposit Pretreatnmt Current year ?h.~s of Buds formed 
x lo9 1 . L J . h   ha viable spores/ Populations ? i r a h  mrrent year (for the next 

an2 defoliation growth/lW an F a r )  
f an me/ ~arvae/  % branch % 
45 an Ixd g 
branch 
t i p  

Futura 20 .O 2.50 349 841 12.3 0.08 32.8 36 .O 84.2 
Fbtura 17 .O 2.14 142 000 21.1 0.24 55.9 18.6 78.5 
Futura 16.3 1.43 143 456 19.9 0.19 54.8 12.4 73.4 
Futura 8 .O 0.71 135 475 18.8 0.19 49.8 22.1 79.7 

a/ 
untreated- - - - 20.9 0.28 93.1 2.7 33.2 

a/ Average for 8 sample plots. - 



vigorous 5. fumiferana residual population with a 
high potential activity; in addition, such treat- 
ments ensures that more foliage is available for 
the survivors the following year. Moreover, the 
emergence of very vigorous populations of 5. 
fumiferana could contribute to the formation of 
permanent spruce budworm epidemics in areas 
repeatedly treated with chemical insecticides, as 
suggested by the epidemiological studies conducted 
by Blais (1974). 

Discussion and Conclusion 

The results showed that the high concentrated 
and low volume B. thuringiensis formula which 
provides a dispersion of 20 x lo9 I.U. in a final 
volume of 2.5  ha, assures good control of C. 
fumiferana populations and adequate foliage pro- 
tection. The low-volume required, 2.5  h ha, meets 
objectives imposed on cost of material and treat- 
ment, because this suspension can be successfully 
dispersed by means of large capacity aircrafts. - 

Futura formula requires little mixing at the air- 
port, is transported in a concentrated form, and 
dispersed in a final volume lower than that of the 
twice yearly dispersions of chemical insecticides 
presently used against spruce budworm. The con- 
servative sorbitol allows storage of the ready to 
use Futura, including water, for several months on 
field sites. Sorbitol is a technical sugar and 
its osmotic pressure is higher than that of bacte- 
rial spores preventing fermentation and contamina- 
tion. Under laboratory conditions, sorbitol keeps 
Futura's physical properties at a temperature of 
-22" C for several months. In 1983, Futura was 
dispersed in flight temperatures as low as -7" C 
and results showed that its physical properties 
were not affected under these field conditions. 
Also, 2. thuringiensis should no longer be consi- 
dered as a possible way of budworm control, but as 
an operational method with the same "ready to use" 
property as all other insecticides presently used 
against spruce budworm. An efficient control of 
C. fumiferana can be obtained with 20 x lo9 I.U./ha. - 
Therefore why use 30 x lo9 I.lJ./ha (10 x 10 I.U. 
more) to obtain 10.4% less protection? Is it not 
a costly waste of material? This was confirmed 
by B. thuringiensis core tests conducted within 
CANUSA. These tests also showed that dispersion 
of B. thuringiensis at 30 x lo9 1.~./ha is not 
more efficient than that of 20 x 10 1.11./ha (F.B. 
Lewis, personal communication). 2. thuringiensis 
will be used by foresters for the operational 
control of C. fumiferana if its use remains opera- 
tionally and economically valid and realistic, As 
with any method of control, the successful use of 
B. thuringiensis relies on the strict respect of - 
technological recommendations (Smirnoff 1980d), 
which means use of the rocommended formulas, dosa- 
ges, final volume per hectare, and proper calibra- 
tion of the spray system of the aircraft. 
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