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

I want, dur ing  t h i s  p r e s e n t a t i o n ,  t o  g i v e  
you a  spray  program c o o r d i n a t o r  po in t  of view on 
B t  and t r y  t o  e x p l a i n  why t h i n g s  a r e  always 
d i f f e r e n t  i n  Quebec. Not a l a y s  b e t t e r  bu t  always 
d i f f e r e n t ,  even i n  t h e  a p p l i c a t i o n  of B a c i l l u s  - 

t h u r i n g i e n s i s  where 4 eng ine  a i r c r a f t s  were used 
t o  c o n t r o l  t h e  spruce  budworm, Chori-stoneura 
f u n i f e r a n a  (Clem.), i n f e s t a t i o n .  

F i r s t ,  a  background of t h e  s i t u a t i o n  i s  
requ i red :  background of t h e  Quebec f o r e s t  and 
background of our  p e r c e p t i o n  of Bt. I n  o r d e r  t o  
p rogress  i n  our  approach t o  use  B t ,  some KEY 
FACTORS and GOALS have been e s t a b l i s h e d .  This  
brought  us  i n t o  two major per iods  i n  t h e  use  of 
B t :  t h e  1971-1980 per iod  where we lea rned  t o  
l i v e  wi th  Bt and i t s  c o n s t r a i n t s ,  and t h e  
1981-1983 per iod  where some of t h e  c o n s t r a i n t s  
have been solved t o  a  c e r t a i n  degree.  F i n a l l y ,  
t h e  1984 p r o j e c t  is  d i scussed .  

Background 

To f u l l y  understand t h e  approach, i t  i s  
important  t o  know t h a t  95% o f  t h e  Quebec f o r e s t s  
a r e  crown lands  which a r e  l eased  t o  f o r e s t  
i n d u s t r i e s  f o r  wood supply.  I n  o r d e r  t o  keep t h e  
i n d u s t r i a l  a c t i v i t y  going,  one of  t h e  t a s k s  o f  
t h e  Quebec Department of Energy and Resources i s  
t o  o r g a n i z e  p r o t e c t i o n  programs a g a i n s t  any 
f o r e s t  enemies. I n  t h e  p e r s p e c t i v e  of spruce 
budworm i n f e s t  a t  ion  which a t  tacked softwood 
s p e c i e s ,  t h e  major component of t h e  Quebec f o r e s t  
economy, t h i s  meant p r o t e c t i n g  a  very  l a r g e  a r e a  
d u r i n g  a  s h o r t  per iod  of  t ime,  t h e  per iod  of t h e  
y e a r  where t h e  i n s e c t  was a c t i v e  ( 6  weeks), i n  
p a r t s  of t h e  province where roads and a i r s t r i p s  
were s c a r c e .  This  s i t u a t i o n  l e d  us t o  o rgan ize  
spray ing  programs on l a r g e  b locks  of cont inuous 
f o r e s t s  on crown l a n d s ,  whi le  o t h e r  approaches 
l i k e  s a l v a t i o n  c u t t i n g  were organ ized  on more 
a c c e s s i b l e  bu t  patchy p r i v a t e  woodlots.  I n  t h i s  
s t r a t e g y ,  t h e  use  of l a r g e  a i r c r a f t s  with l a r g e  
c a p a c i t y  payloads was t h e  only a l t e r n a t i v e  
a v a i l a b l e  t o  ach ieve  adequate p r o t e c t i o n .  

Programs were i n i t i a l l y  conducted i n  
wes te rn  Quebec where t h e  i n f e s t a t i o n  was f i r s t  
r e p o r t e d  bu t  by t h e  mid s e v e n t i e s ,  as t h e  
i n f e s t a t i o n  moved from west t o  e a s t  and covered 
t h e  whole p rov ince ,  t h e  t rea tments  were 
concent ra ted  i n  e a s t e r n  Quebec, where t h e  tnost 
important  softwood f o r e s t s  were loca ted .  

The f a c t  t h a t  Bt is a  l i v i n g  organism had a  
major i n f l u e n c e  on our  t echniques  used t o  
e v a l u a t e  spray  d e p o s i t  and on mixing procedures.  
P e t r i  d i s h e s  wi th  g e l o s e  were used on t h e  ground t o  e v a l u a t e  d e p o s i t  i n  term of cnlonies/cm , 
without  any r e f e r e n c e  t o  s i z e  of d r o p l e t s  
because t h e  a d d i t i o n  of dye (needed f o r  drop 
s i z i n g )  could a f f e c t  t h e  v i a b i l i t y  of t h e  
s p o r e s ,  Likewise, t h e  a d d i t i o n  of water  f o r  
f i n a l  fo rmula t ion  was done j u s t  p r i o r  t o  
a p p l i c a t i o n ,  t o  avoid a c t i v a t i o n  of t h e  spores .  

Key F a c t o r s  and Goals 

I n  o r d e r  t o  e v a l u a t e  p rogress  achieved t h r u  
y e a r s  with Bt ,  t h e  t rea tments  had f i r s t  t o  be 
c h a r a c t e r i z e d ,  then some KEY FACTORS were chosen 
t o  e v a l u a t e  e f f i c a c y ,  GOALS were s e t  up as  bench 
marks f o r  what we considered adequate r e s u l t s .  

The important  p o i n t s  chosen f o r  t h e  
c h a r a c t e r i z a t i o n  of t r e a t m e n t s  were: 

- a r e a s  t r e a t e d  ( h e c t a r e s )  
- type  of B a c i l l u s  t h u r i n g i e n s i s  ( o i l  and water  

b a s i s )  
- c o n c e n t r a t i o n  of t h e  i n i t i a l  fo rmula t ion  

( ~ ~ U / l i t r e )  
- volume used ( l i t r e l h a  
- dosage ( B I U / ~ ~ )  
- f i n a l  fo rmula t ion  ( X I  
- type  of a i r c r a f t  used ( a l t i t u d e  (mete r )  

( speed ( ~ m / s  ) 
( c a p a c i t y  ( l i t r e )  
(swath (mete r )  
( p r e s s u r e  ( l i t r e l s )  

- n a v i g a t i o n  system 
- spray ing  system 
- weather c o n d i t i o n  
- t iming ( I n s e c t  and shoot  development) 

The KEY FACTORS t h a t  were examined t o  
e v a l u a t e  t h e  e f f i c a c y  of t h e  t rea tment  were: 

- Pre spray  popula t ion  ( larvae/45cm branch)  
- Residual  popula t ion  (pupael45cm branch)  
- Larva l  m o r t a l i t y  ( a t  peak pupae) 
- Previous damage ( y e a r s  of severe  d e f o l i a t i o n )  
- Annual d e f o l i a t i o n  
- Deposit (number of colonies/cm2) 
- Synchronizat ion of i n s e c t  and shoot 

development. 
The major s p e c i e s  a t t a c k e d  by t h e  budworm i n  

Quebec i s  balsam f i r .  White spruce  and, t o  a  
minor degree ,  red  and b lack  spruces  a r e  a l s o  
a t t a c k e d  bu t  being not an important  p a r t  of t h e  
softwood volume, they a r e  not  cons idered  i n  our  
approach wi th  r e s p e c t  t o  t iming ,  e f f i c a c y  and 
damage . 



GOALS 

The t rea tments  were conducted t o  reduce 
s t r e s s  on t h e  t r e e s  and t o  keep t h e  f o r e s t  a l i v e .  
Experience with chemical i n s e c t i c i d e s  t o l d  us 
t h a t ,  as  long as  t h e  annual d e f o l i a t i o n  was kept 
below t h e  50% th r e sho ld ,  a  t rea tment  could be 
considered as  adequate and succe s s fu l .  

When t h e  spruce budworm i n f e s t a t i o n  was 
f i r s t  repor ted  i n  Quebec dur ing  t h e  l a t e  s i x t i e s ,  
Bac i l l u s  t h u r i n g i e n s i s  (Bt )  was t he  on ly  
b i o l o g i c a l  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 .  
Under t h e  t e c h n i c a l  advice of t h e  Laurentian 
Fores t  Research Center ,  t h e  Quebec Department of 
Energy and Resources i n i t i a t e d  i n  1971 some 
experimental  work with B t .  

On a t r i a l  and e r r o r  b a s i s ,  it soon appeared 
t h a t  t h e  app l i c a t i on  of B t  was more s e n s i t i v e  
than t h e  app l i c a t i on  of chemical i n s e c t i c i d e s .  
Deta i led  t rea tments  conducted from 1971 t o  1980 
have been descr ibed  i n  d e t a i l  i n  an e a r l i e r  
p r e sen t a t i on  ( ~ o r a i s  and a l .  1980) and t h e  major 
conc lus ions  t h a t  could be drawn from t h a t  period 
were t h a t  : 

- good r e s u l t s  with B t  have always been 
a s soc i a t ed  with good depos i t .  A spray  depos i t  
of  20 co lon i e s  per  cm2 c o l l e c t e d  on p e t r i  
d i she s  was t h e  r u l e  of thumb t o  cons ider  a  
t reatment  t o  be e f f e c t i v e ;  

- spray  volume requi red  t o  achieve such a depos i t  
va r i ed  from 4.68 ( f o r  s i n g l e  engine)  t o  7.0 
l / h a  ( f o r  f ou r  engine a i r c r a f t ) .  Under those 
circumstances,  a  dosage of 20 BIU/ha could 
adequately c o n t r o l  popula t ion  l e v e l s  up t o  25 
larvael45cm branch; 

- t iming a l s o  appeared t o  be very c r i t i c a l .  As a  
stomach i n s e c t i c i d e ,  B t  has t o  contaminate t h e  
annual f o l i a g e  and has t o  be inges ted  i n  order  
t o  k i l l  t h e  la rvae .  No t rea tment  could be done 
p r i o r  t o  bud f l a r e  and, on a  block b a s i s ,  a  
t rea tment  conducted w i th in  10 days a f t e r  t he  
bud f l a r e  could be considered a s  adequate. On 
a spray  program b a s i s ,  l i k e  i n  e a s t e r n  Quebec, 
20 days was t h e  usua l  maximum period a v a i l a b l e  
per  year  t o  apply B t  f o r  proper t iming;  

- products  manufactured became more concent ra ted  
t h r u  time (16 t o  32 BIU/USG) t o  s u i t  f o r e s t r y  
needs: t he se  more concent ra ted  formulat ions 
increased  t h e  plane e f f i c i e n c y  per  year  and t h e  
a r e a  t r e a t e d  could then be increased   able 
1 ;  

s i n c e  spores  a r e  a c t i va t ed  a f t e r  12 hours i n  
water ,  t h e  f i n a l  formulat ion was prepared only 
when t h e  block was ready and when we were 
abso lu t e ly  su r e  t h a t  t he  product could be 
appl ied .  30 minutes of mixing t ime was then 
requi red  p r i o r  t o  app l i c a t i on .  This  procedure 
l im i t ed  t h e  use  of Bt t o  one load per  spray 
per iod  ; 

- o i l  base formulat ions d i l u t e d  i n  water 
requi red  a  h igher  volume t o  be sprayed than 
water  base formula t ions ,  because t he  amount of 
water needed i n  t he  f i n a l  formulat ion had t o  
be a t  l e a s t  equal  t o  t he  amount of o i l  t o  
avoid inver ted  emulsion; 

- planes  used t h r u  t he  years  were: Stearman, 
TBM Avenger, CL-215, C o n s t e l l a t i o n  L-749, 
DC-6B, and DC-4G. The l a r g e r  planes came i n t o  
use  t o  improve spray load capac i ty .  

The 3 major c o n s t r a i n t s  t h a t  l im i t ed  our  
confidence i n  Bt a t  t h e  end of t h i s  per iod  
were : 

- t h e  poor e f f i c a c y  aga ins t  high populat ions 
(popula t ion  > 25 l a rvae  per  45cm branch) 

- t h e  poor plane p roduc t i v i t y  ( e f f i c i e n c y )  pe r  
year  

- and t he  cos t  of t he  t rea tment ;  s t i l l  3 times 
more expensive than a double app l i c a t i on  of 
chemical i n s e c t i c i d e s  

Resul t ing  Spray-Pol icy  

Even as  a l l  e f f o r t s  were o r i en t ed  t o  
i nc r ea se  the  a r ea  t r e a t e d  annually,  r e s u l t s  
ob ta ined  were h igh ly  v a r i a b l e  and t he  use of B t  
was l im i t ed  t o  h igh ly  s e n s i t i v e  a reas  where 
chemical i n s e c t i c i d e  could not be appl ied .  

Based on experience t he  norms followed t o  
achieve good r e s u l t s  with B t  were: 

- popula t ion  l e v e l  > larvae/45cm branch t i p  
- dosage 20 ~ 1 U / h a  
- volume 4,68 l / h a  fo r  s i n g l e  engine a i r c r a f t  

7,O l / h a  f o r  four  engine a i r c r a f t  
- depos i t  20 colonies/cm2 
- t iming  0 t o  10 days a f t e r  bud f l a r e  
- cos t  of t rea tment  (1981): $9.48 f o r  chemical 

t reatment  and $31.43 f o r  b i o l o g i c a l  
t rea tment  . 

Based on t he  payload of a  DC-4G (20 000 
l b s )  a t  t he  r a t e  of 7 l / h a ,  one plane could 
normally t r e a t  (over  a  20 day per iod)  24 000 
h e c t a r e s  per  year  compared t o  125 000 hec t a r e s  
(x2) with chemical i n s e c t i c i d e .  

The 1981-1983 Period:  Solving The B t  
Cons t r a in t s  

During t he  period of 1981 t o  1983 some new 
h igh ly  concent ra ted  formulat ions have been 
developed and t e s t e d  i n  t h e  f i e l d .  It was 
expected t h a t  t h e  d r o p l e t s  produced, being more 
concent ra ted ,  could k i l l  t h e  i n s e c t  f a s t e r  than 
t h e  former d i l u t e d  formulat ions and could 
t h e r e f o r e  reduce t he  damage caused. A t  the  same 
t ime,  a  smal le r  amount of m a t e r i a l  being appl ied  
per  h e c t a r e  would i nc r ea se  t h e  annual plane 
p roduc t i v i t y .  



Tes t s  were conducted with one of t he se  
concent ra ted  formula t ions  (FUTURA 51 BIU/USg). 
Applied i n  a  volume of 2.5 l / h a ,  t h i s  
concent ra ted  formulat ion f o r  2  years  i n  a  row 
gave very good l a r v a l  m o r t a l i t y  p lus  an o v e r a l l  
s t r i k i n g  degree of f o l i a g e  p ro t ec t i on ,  even 
a ga in s t  popula t ion  l e v e l s  as  high as  35 l a rvae  
per  45cm branch t i p .  These observa t ions  changed 
completely t h e  p i c t u r e  of our  a e r i a l  spray ing  
programs with B t .  The major changes were: 

- l i m i t a t i o n s  f o r  t he  concent ra ted  B t ,  regarding 
popula t ion  l e v e l s ,  seemed t o  be i d e n t i c a l  t o  
chemical i n s e c t i c i d e ;  concent ra ted  B t  i n  f a c t  
performed as  wel l  as  chemical i n s e c t i c i d e s  
a ga in s t  popula t ion  l e v e l s  as high as  35 
larvae145cm branch t i p ;  

- dosage of  20 BIU/ha provided adequate r e s u l t s  
i n  t e s t s  conducted i n  Quebec with FUTURA while  
i n  o the r  provinces o r  s t a t e s  a  dosage of 30 
B I U / ~ ~  seemed t o  g ive  more cons i s t en t  r e s u l t s ;  
20 BIU/ha was considered then as  a  marginal 
dosage t h a t  could he succe s s fu l  i f  o the r  
f a c t o r s  l i k e  t iming ,  depos i t ,  e t c .  were 
favorab le .  Volumes lower than 2.37 l / h a  never 
gave adequate depos i t  with 4  engine a i r c r a f t ,  
s o  dosage was chosen i n  order  t o  r e spec t  t he  
2.37 l / h a  volume l i m i t ;  

depos i t  of 10 t o  15 co lon i e s  per  cm2 could be 
considered adequate;  s i n c e  d r o p l e t s  were more 
concent ra ted ,  a  fewer number was requi red  fo r  
good r e s u l t s ,  compared t o  d i l u t e d  ma te r i a l .  
Meanwhile, i n  o rde r  t o  improve spray  
technology,  an experiment was c a r r i e d  out t o  
c o r r e l a t e  depos i t  with f o l i a g e  p ro t ec t i on  
(without  success ! ) .  This  r a i s e d  ques t ions  
about t h e  co lon i e s  per  cm2 i n  p e t r i  d i she s  as  
a  va luab l e  technique,  and l e f t  t h e  ques t ion  
about i d e a l  s i z e  and concent ra t ion  of d r o p l e t s  
t h a t  should be generated ( t h e  smal le r  s i z e  
dropl-llected on f o l i a g e  contained a  
l e t h a l  dosage) unresolved.  

- oi l -base  concent ra ted  formulat ions when appl ied  
undi lu ted  ( n e a t )  have an advantage over 
water-base formula t ions ,  with r e spec t  t o  
payload. O i l  being l i g h t e r  than water ,  a  
h ighe r  volume could be c a r r i e d  by t h e  plane per  
load compared t o  water-base formulat ion.  On 
t h e  o t h e r  hand, plugging problems have been 
encountered with o i l -base  m a t e r i a l  when water ,  
c r ea t ed  from condensat ion i n  t h e  tank ,  produced 
an i nve r t ed  emulsion with o i l  (Table 2 ) ;  

- because concent ra ted  formulat ions were appl ied  
undi lu ted ,  mixing procedures were s imp l i f i ed .  
The product was s t a b l e  by i t s e l f  and requi red  
only a g i t a t i o n  t o  make an homogeneous 
suspension p r i o r  t h e  app l i c a t i on .  Without 
e l a b o r a t e  mixing procedures j u s t  p r i o r  t o  
appl i c a t  ion ,  two loads  per  spray  period could 
be planned, weather permi t t ing ,  t he  same as  f o r  
chemical i n s e c t i c i d e  app l i c a t i ons .  

- improved e f f i c a c y  aga ins t  high l a r v a l  
populat ions 

- an i nc r ea se  i n  plane e f f i c a c y  each year  (by 2  
t o  3  t imes)  

- t h e  co s t  of t reatment  was s t i l l  2  times more 
expensive than t he  cos t  of a  double 
app l i c a t i on  of chemical i n s e c t i c i d e ,  bu t  t he  
cos t  of t h e  B.t.  product has  been decreas ing  
fo r  2  yea r s  i n  a  row, as  a  r e s u l t  of l a r g e r  
s c a l e  economics based on more ccnfidence i n  
t h e  r e l i a b i l i t y  of B. t . 

Planned 1984 Spraying Program 

Af te r  13 years  of research  and development 
t o  u t i l i z e  Bt on l a r g e  s c a l e  budworm spraying 
programs, the  Quebec Department of Energy and 
Resources decided t h a t  t h e  major improvements 
achieved i n  t h e  t h r e e  pas t  years  warranted 
g iv ing  B t  an honest  t r y ;  t h u s ,  300 000 of t he  
800 000 ha contemplated fo r  1984 w i l l  be t r e a t e d  
with B t  (200 000 ha with undi lu ted  ma te r i a l  and 
100 000 with d i l u t e d  m a t e r i a l ) .  

The c r i t e r i a  now recognized t o  achieve good 
r e s u l t s  with B t  a re :  

- populat ion l eve l :  < 35 larvae145 cm branch t i p  

- depos i t :  10 t o  15 colonies/cm2 

- volume: 2.37 l / h a  (und i l u t ed )  t o  4.68 l / h a  
( d i l u t e d )  

- dosage: 20 t o  30 BIU/ha 

- timing: 0  t o  10 days a f t e r  bud f l a r e  

- c o s t  (1983): $10.99 f o r  chemical t reatment  
$26.86 fo r  b i o l o g i c a l  t reatment  

So, i n  1984, based on t he  payload of a  
DC-4G (20 000 l b s )  a t  t he  r a t e  of  2.5 l / ha ,  one 
plane could t r e a t  over a  20-day period a  t o t a l  
of 65 000 t o  83 000 h e c t a r e s ,  compared t o  
125 000 hec t a r e s  using chemical i n s e c t i c i d e s  
(Table 2) .  

Planned 1984 E x ~ e r i m e n t a l  Program 

I n  order  t o  keep improving B t  con t ro l  f o r  
spruce budworm, our  research  p r i o r i t i e s  f o r  1984 
have been e s t ab l i shed  a s :  

- t o  develop a  r e l i a b l e  spray  depos i t  technique 
which can be c o r r e l a t e d  with f o l i a g e  
p ro t ec t i on ;  

- t o  i n v e s t i g a t e  t he  i d e a l  d rop l e t  s i z e  and 
concent ra t ion  ( i . e .  t h e  smal les t  d rop l e t  which 
conta ins  a  l e t h a l  dose) ;  

The 3 major c o n s t r a i n t s  t h a t  were d i scussed  
from t h e  previous period were reduced t o  a  
c e r t a i n  degree with t he  new concent ra ted  
formulat ion.  That i s  : 



- to test in the field some formulations of 
Bacillus thuringiensis Kurstaki (isolate HD-1) - concentrated at 64 BIU/US~ and a new isolate 
(NRD-121, potentially more toxic for the budworm 
than the former HD-1. 

Conclusions 

Technological development of new 
formulations which increased efficacy of Bt and 
plane efficiency, the growing pressure of the 
larval population that survives in the forest to 
cause increasing tree mortality, and the 
collective history created about chemicals by 
uniformed people, are the factors which have 
contributed to greater use of Bt. B.t. still 
remains the only operational biological 
alternative to chemicals for spruce budworm 
control. 

The growing use of Bt generated an important 
diversified expertise. Research programs, like 
CANUSA, have helped by a joint effort to sort out 
the good and bad experiences, but the important 
thing is that a climate of confidence has been 
created towards B.t. by users and producers. 
With all this interest generated, major 
improvements are still to come in the near 
future: increased toxicity and effectiveness at 
a lower cost. 
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Table 1.--Comparison of aerial applications of Bacillus thuringiensis cconducted in Quebec from 
from 1972 to 1980 

Year Area treated Concentration Vo 1 ume Aircraft used 
(ha) (BIU/USg) ( /ha) 

80 
4000 
120 

3250 

9 1000 
120 

NONE 
13300 

17030 
22180 

Stearman ' 

TBM Avanger 
CL 215 
TBM Avanger 
DC 6B 
CL 215 
DC 6B 
S-55T M~licopter --- 
DC 6B 
Ag Cat B 
L-749 
L-749 



Table 2.--Alternative t rea tments  of Bac i l l u s  t hu r ing iens i s  f o r  1984 

Product Concentrat ion Dosage Volume 
(BIU/US~)  (BIU/ha) @/ha) 

Plane product iv i ty  
(ha/year)  

Thuricide 32LV 
and Novabac-3 

Futura TM 

Thuricide 48LV 

Dipel 132 

2.37 (nea t )  
4.68 (d i lu t ed )  
3.55 (nea t )  
7  . O 1  ( d i l u t ed )  

2.37 (nea t )  
5.85 (d i lu t ed )  
3.55 (nea t )  
8.84 (d i lu t ed )  

2.5 ( d i l u t e d )  
3.75 (d i lu t ed )  

1.58 (nea t )  
2.37 (nea t )  

1.58 (nea t )  
2.37 (nea t )  




