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Spray o p e r a t i o n s  a g a i n s t  t h e  s p r u c e  budworm 
have been conducted i n  New Brunswick i n  1980, 1982 
and 1983 and i n  Nova S c o t i a  from 1980 t o  1983. 
The r e s u l t s  ob ta ined  i n  terms of f o l i a g e  p r o t e c t i o n  
have been extremely v a r i a b l e .  Attempts t o  
p i n p o i n t  t h e  causes  f o r  t h i s  v a r i a b l e  r e s u l t  
s u g g e s t  t h a t  a  number of f a c t o r s  a r e  r e s p o n s i b l e .  
These a r e  weather  dur ing  and a f t e r  spray ing  and 
sampling problems. 

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

The purpose of t h i s  paper  is  t o  review t h e  
usage of B a c i l l u s  t h u r i n g i e n s i s  k u r s  t a k i i  (B. t . k. ) 
i n  f o l i a g e  p r o t e c t i o n  programs a g a i n s t  t h e  s p r u c e  
budworm ( Chor i s toneura  fumiferana Clem.) i n  New 
Brunswick and Nova S c o t i a  and a t tempt  t o  p i n p o i n t  
t h e  resaons  f o r  t h e  f r e q u e n t  f a i l u r e s  i n  f o l i a g e  
p r o t e c t i o n .  Opera t iona l  f o l i a g e  p r o t e c t i o n  s p r a y  
programs u s i n g  commercial f o r ~ u l a t i o n s  of B. t .k .  
were conducted i n  Nova S c o t i a  from 1980 t o  1983, 
and i n  New Brunswick i n  1980, 1982 and 1983. I n  
Nova S c o t i a  B. t .k .  was t h e  on ly  m a t e r i a l  allowed 
f o r  use  a g a i n s t  t h e  spruce  budworm on l a r g e  
t r a c t s  of f o r e s t s  w h i l e  i n  New Brunswick bo th  
B. t .k .  and chemical  i n s e c t i c i d e s  were used.In 
.New Brunswick B.t.k. h a s  been used on ly  i n  t h e  
woodlot p r o t e c t i o n  program (along w i t h  chemicals)  
i n  an a t t empt  t o  p rov ide  p r o t e c t i o n  t o  s e l e c t  
s e l e c t  s t a n d s  of f i r  and spruce .  

There is  a t r e n d  t o  i n c r e a s e d  use  of B.t.k. 
throughout  e a s t e r n  Canada s o  i t  is  impor tan t  t o  
t r y  and understand why t h e  r e s u l t s  a r e  s o  e r r a t i c .  
This  type  of performance p l u s  t h e  h i g h e r  c o s t  of 
s p r a y i n g  B. t .k . ' s  o f f s e t  t h e  environmental  
advantage of them, hence t h e r e  is a r e l u c t a n c e  
t o  use  more B. t .k .  

Assessment Of E f f i c a c v  

I n  bo th  Nova S c o t i a  and New Brunswick e f f i c a c y  
i n  terms of f o l i a g e  p r o t e c t i o n  is  e s t i m a t e d  by 
comparing t h e  l e v e l o f  d e f o l i a t i o n  i n  t r e a t e d  and 
unsprayed c o n t r o l  p l o t s  w i t h  s i m i l a r  pre-spray 
s p r u c e  budworm popula t ion  d e n s i t i e s .  Pre- treatment  
d e n s i t i e s  of l a r v a e  a r e  determined f o r  one 45cm. 
branch t i p  p e r  sample t r e e .  The branches a r e  t aken  
from t h e  mid-crown a r e a  of t h e  s e l e c t e d  t r e e s .  

I n  Nova S c o t i a  d e f o l i a t i o n  f o r  each sample 
t r e e  ( f i r  o r  spruce)  is  a s s e s s e d  by c l a s s i f y i n g  
t h e  l e v e l  of d e f o l i a t i o n  on each of f o r t y  s h o o t s  
p e r  t r e e  u s i n g  t h e  F e t t e s  method( Dora i s  and 
K e t t e l a ,  1982). I n  New Brunswick d e f o l i a t i o n  on 
balsam fir (Abies balsamea M i l l . )  i s  es t imated  
f o r  t h e  whole tree crown u s i n g  methodology 
developed by Webb(1956). However f o r  spruce 
( ~ i c e a -  s p .  ) -  d e f o l i a t i o n  is  e s t i m a t e d  a s  e i t h e r  n i l ,  
l i g h t ,  moderate o r  s e v e r e .  I n  t h e  c a s e  of t h e  
s p r u c e s  i t  is  t h e  a u t h o r s  op in ion  t h a t  b o t h  methods 
used a r e  inadequa te  i n  e s t i m a t i n g  d e f o l i a t i o n  on 
s p r u c e ,  p a r t i c u l a r l y  t h e  r e d / b l a c k  hybr id  complex. 

Unsprayed c o n t r o l  d a t a  a r e  used t o  g e n e r a t e  
graphs showing t h e  r e l a t i o n s h i p  between l a r v a l  
popula t ion  d e n s i t y  and r e s u l t a n t  d e f o l i a t i o n .  
These r e l a t i o n s h i p s  need t o  be  examained each y e a r  
a s  t h e  degree  of d e f o l i a t i o n  caused by a  given 
popula t ion  of l a r v a e  v a r i e s  from y e a r  t o  y e a r  
on bo th  s p e c i e s  of t r e e s  (Fig.  1&2). 
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F igure  1. D e f o l i a t i o n  a s  a  f u n c t i o n  of e a r l y  
i n s t a r  s p r u c e  budworm l a r v a e  p e r  45 cm. 
branch t i p  on r e d / b l a c k  s p r u c e  i n  t h e  
Maritimes r e g i o n  of Canada. 
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F igure  2. D e f o l i a t i o n  a s  a  f u n c t i o n  of e a r l y  i n s t a r  
s p r u c e  budworm l a r v a e  p e r  45 cm branch 
t i p  on Balsam f i r  i n  t h e  Maritimes r e g i o n  

of Canada. 



It is apparent  from Figures 1. and 2. t h a t  fewer was apparent ly  b e t t e r  pro tec ted  than balsam f i r .  
budworm l a rvae  cause more d e f o l i a t i o n  on balsam I n  l i g h t  of experiences i n  1983 wi th  red/black 
f i r  than on spruce. spruce sampling the  r e s u l t  noted i n  1980 may be 

due simply t o  inadequate sampling of spruce.  
Foliage p ro t ec t ion  due t o  treatment can be Fur ther ,  t he  mediocre r e s u l t  may have been due t o  

est imated a number of ways; f i r s t  a s  simply the  t he  d i l u t i o n  r a t e  of B. t . k. 
d i f f e r ence  between expected d e f o l i a t i o n  and 
observed d e f o l i a t i o n ,  secondly by using Abbott 's 
formula( Dorais and Ke t t e l a ,  1982) which is  1982 

expected d e f o l i a t i o n  - observed 
expected d e f o l i a t i o n  

X 100% 

and t h i r d l y  a s  t he  d i f f e r ence  between observed 
d e f o l i a t i o n  and 100%. This l a s t  method es t imates  
t o t a l  f o l i a g e  r e t e n t i o n  which though 
very important t o  t he  t r e e  is  a poor measure of 
e f f i cacy .  Essen t i a l l y  i t  i s  poss ib l e  t o  generate 
t h r ee  es t imates  of f o l i a g e  p ro t ec t ion  from the  same 
s e t  of data.  This is  an important cons idera t ion  
when a r b i t r a r y  va lues  f o r  good f o l i a g e  p ro t ec t ion  
a r e  e s t ab l i shed  such a s  those i n  New Brunswick 
and Nova Scot ia .  

Two important f a c t o r s  t h a t  inf luence  e f f i cacy  
a r e  t he  s t ages  of development of l a rvae  and shoots  
a t  t he  time of spray applicat ion.At t h i s  poin t  i n  
time the re  i s  some disagreement a s  t o  t he  
appropr ia te  timing f o r  good fo l i age  p ro t ec t ion  on 
f i r  and spruce. It is  genera l ly  accepted t h a t  
t he  shoots  on balsam f i r  should be s t a r t i n g  t o  
f l a r e  when B. t. k. is  applied.  This more o r  l e s s  
coincides a t  t he  peak of four th  i n s t a r  development. 
I n  Nova Sco t i a  , where considerable a r eas  of red /  
b lack  spruce a r e  sprayed,spraying is  commenced 
when the  buds of spruce have s t a r t e d  t o  swe l l  
and t h e  bud caps have f a l l e n  of f  . This more o r  
l e s s  coincides wi th  development of l a rvae  between 
f i f t h  and s i x t h  i n s t a r .  Delays i n  spraying caused 
by weather when t h i s  type of l a t e  t iming is  used 
can r e s u l t  i n  poor f o l i a g e  pro tec t ion .  Apparently 
adequate f o l i a g e  p ro t ec t ion  of spruce has been 
obtained a t  a  considerably e a r l i e r  timing of 
B.t .k.  sprays.  How t h i s  works i s  not  understood. 

Resul t s  Of B.t.k. Applicat ions I n  New Brunswick 

I n  1980 10 521 ha were t r e a t e d  wi th  e i t h e r  
Thuricide 16B o r  Novabac-3 a t  a  dosage r a t e  of 
20 B . i . u l s  per  ha i n  11.5 1 per  ha.Three spray 
systems were used ; f ixed  wing a i r c r a f t  wi th  
boom and nozzle spray equipment, f i xed  wing a i r -  
c r a f t  wi th  Micronaire r o t a r y  atomizers and 
a ro t a ry  wing a i r c r a f t  equipped wi th  boom and 
nozzle spray  equipment. 

Of t he  251 woodlots sprayed 148 were sampled 
t o  determine e f f i cacy  of spraying.  Resul t s  of t h i s  
i nves t iga t ion  a r e  d e t a i l e d  by Ke t t e l a  and S t e e l  
(1984). Es sen t i a l l y  , t he  r e s u l t s  i n  terms of 
f o l i a g e  p ro t ec t ion  were extremely va r i ab l e .  From 
40 ' t o  60% of t he  woodlots had a de t ec t ab l e  l e v e l  
of f o l i a g e  p ro t ec t ion ,  depending on the  region 
i n  New Brunswick. Analysis of t he  d a t a  showed no 
c l e a r  r e l a t i onsh ip  between e f f i cacy  and timing 
a i r c r a f t  type, spray system used o r  f o r e s t  
composition and condit ion.  I n t e r e s t i n g l y  redlb lack  

I n  1982 4 000 ha of f o r e s t  were t r e a t e d  wi th  
B. t .k . ,  3 200 ha ope ra t iona l ly  wi th  Dipel 88 and 
800 ha i n  a t e s t  program wi th  Novabac-3 and 
Bactospeine. 

With respect  t o  t he  Dipel 88 treatment one 
ha l f  of t he  a r ea  was t r e a t e d  a t  20 b . i .u .  per  ha 
and the  o the r  ha l f  a t  30 b . i . u .  per  ha. Sampling 
f o r  e f f i cacy  was concentrated i n  t h a t  a r e a  t r e a t e d  
a t  30 b . i .u .  per  ha. The r e s u l t s  (Table I ) 
showed t h a t  although t h e r e  was exce l l en t  l a r v a l  
mor t a l i t y  f o l i a g e  p ro t ec t ion  was very poor. 

Table I. Resul t s  of spraying Dipel  88 undi lu ted  
a t  a  r a t e  of 30 B.1.U per  ha i n  New 
Brunswick,l982. 

~udworrns/ Development Defol ia t ion  
45 cm Index % 
branch 

l a rvae  pupae shoots l a rvae  Observ. Expt. 

Balsam 
F i r  
Treated 19 0.4 5.0 4.5 70 8 4 
Control  20 2.6 

Red Spruce 
Treated 18 0.3 1.5 3.4 50 50 

Control  16 0.5 
White 
Spruce 
Treated 17 0.9 5.0 3.8 75 75 
Control  25 1.5 

Easy explanat ions  f o r  t h i s  r e s u l t  a r e  no t  
forthcoming. By a l l  measures condi t ions  f o r  spray 
app l i ca t ion  were e x ~ e l l e n t ~ w e a t h e r  condi t ions  
were good, before ,  during and f o r  days a f t e r  t he  
spray ,  and shoot and l a r v a l  development were 
optimum. 

I n  1983 some 10 117 ha  of i r r e g u l a r  shaped 
woodlots of from 25 t o  500 ha were t r e a t e d  wi th  
Novabac-3 a t  a  r a t e  of 30 b . i .u . /ha  i n  4.7 l / h a .  
The bulk  of t he  a r ea  t r e a t e d  was loca ted  i n  t he  
Fredericton a r ea (cen t r a1  N.B.), wi th  small  a r ea s  
loca ted  i n  southern NB by the  Fundy Coast ,  and 
i n  nor thern  NB south of Campbellton. Spraying was 
done with small  a g r i c u l t u r a l  type f ixed  wing 



a i r c r a f t  equipped wi th  Micronaire AU 3000 ro t a ry  
atomizers. 

Spray e f f i cacy  was est imated from pre-spray 
l a r v a l  counts on both balsam f i r  and spruce (usual ly  
redlb lack  spruce) ,  and pos t  spray es t imates  of 
de fo l i a t i on .  Three blocks i n  nor thern  N.B. were 
sampled f o r  j u s t  pos t  spray de fo l i a t i on .  Develop- 
ment of shoots  and l a rvae  were est imated from t h e  
appropr ia te  graphs. A summary of t he  r e s u l t s  is 
shown i n  Tabla 11. ~ e d / b l a c k  spruce d a t a  is 
omitted because of i ts inconclusive na ture .  

Table 11. Summary of spray  r e s u l t s  wi th  B.t.k. 
(Novabac-3) on woodlots i n  New Brunswick 
i n  1983. 

Shoot Pre-spray Defol ia t ion  % 
Development Larvae per  

Index 45 cm branch observed expected 

spray blocks i n  nor thern  NB 
4.5 high 20 7 o+ 
4.5 high 10 70+ 
4.5 high 30 7 O+ 

Of t h e  e ighteen  blocks sampled only 10 had a 
de t ec t ab l e  l e v e l  of f o l i a g e  pro tec t ion .  There 
appears t o  be a weak r e l a t i onsh ip  of b e t t e r  f o l i a g e  
p ro t ec t ion  wi th  i nc reas ing  shoot development. 
Examination of weather records showed t h a t  a l l  
t he  blocks sprayed i n  t h e  Fredericton a r ea  were 
t r e a t e d  during a cold wet s p e l l  where t he re  was 
r a i n  most every day and mean d a i l y  temperatures 
of 1 6 ' ~ .  It is suspected t h a t  t h i s  weather 
i nh ib i t ed  l a rvae  from feeding and re tarded  shoot 
growth. Fur ther ,  t he  i r r e g u l a r  shape of t h e  blocks 
made i t  d i f f i c u l t  t o  spray the  a r eas  accura te ly .  
S imi lar ly  poor r e s u l t s  were obtained on woodlots 
i n  t he  Fredericton a r ea  t r e a t e d  wi th  t h e  chemical 
f en i t ro th ion .  However, t h e  t h r e e  spray  blocks i n  
nor thern  N.B. seem t o  have been adequately 
protected.  Pos t  spray weather f o r  t he se  blocks 
was genera l ly  warm wi th  no r a i n  f o r  a t  l e a s t  two 
weeks. 

Resul t s  of B.t.k. Spraying i n  Nova Scot ia  

An experimental  spray  program t o  provide 
f o l i a g e  p ro t ec t ion  t o  balsam f i r  and spruce was 
c a r r i e d  out  i n  1979. This program was apparently 
very succes s fu l  and s e t  t h e  s t age  f o r  ope ra t iona l  
usage of B.t.k. aga ins t  t h e  spruce budworm i n  Nova 
Scotia.  I n i t i a l l y  spray opera t ions  were concen- 
t r a t e d  on Cape Breton I s l and  but  were expanded t o  
inc lude  red spruce f o r e s t s  i n  Cumberland and 
Colchester  County i n  western Nova Scotia.  From 
1981 t o  1983 spray  opera t ions  were concentrated 
there .  Although considerable d a t a  e x i s t  on spray 
e f f e c t s  on balsam f i r ,  i t  is the  spruce d a t a  t h a t  
is p a r t i c u l a r l y  i n t e r e s t i n g .  De ta i l s  on a r ea  
sprayed, c o s t s  and r e l a t e d  i tems a r e  presented i n  
a r epo r t  ed i t ed  by J.R. Carrow (1983). 

The spray format followed f o r  t he  pas t  t h r e e  
years  has  no t  va r i ed ,  although a v a r i e t y  of B.t.k. 
formulat ions were used. Spray app l i ca t ions  were 
s t a r t e d  when red spruce buds s t a r t e d  t o  swel l  and 
l o s e  t h e i r  bud caps. Larval  development on aver- 
age was between t h e  f i f t h  and s i x t h  i n s t a r .  Ag- 
c a t  spray  a i r c r a f t  with standard boom and nozzles 
were used. Swath width was a nominal 30 meters pe r  
a i r c r a f t  and they f lew i n  formations of two o r  
t h r e e  planes. The dosage used was 20 b.i.u./ha 
i n  4.7 l / ha .  

Of t h e  spray  blocks examined he re ,  fou r  were 
sprayed f o r  t h e  pas t  two years ,  two f o r  t he  pas t  
two years ,  and two f o r  t h e  f i r s t  t i m e  i n  1983. 
This provides an opportunity t o  examine p ro t ec t ion  
appl ied  cons i s t en t ly  over time (Table 111). 
Blocks were s e l ec t ed  f o r  p ro t ec t ion  based on t r e e  
condi t ion ,  s tand  type and egg-mass i n f e s t a t i o n .  
Timing and weather a r e  not  overr id ing  f a c t o r s  f o r  
a l l  blocks were sprayed wi th in  guide l ines  
e s t ab l i shed  f o r  t h e  program. 

It is  evident  from Table I11 t h a t  t h e r e  was 
a l a r g e  d i f f e r ence  between observed d e f o l i a t i o n  
and expected d e f o l i a t i o n  i n  1981, i nd i ca t ing  t h a t  
t h e  B.t,k. app l i ca t ion  provided a measurable 
l e v e l  of f o l i a g e  pro tec t ion .  However i n  1982 and 
1983 the  d i f f e r ence  between observed and expected 
d e f o l i a t i o n  was considerably l e s s .  This does not  
mean t h a t  t h e r e  was a decrease i n  t h e  e f f ec t ive -  
ness  of t he  B.t.k. app l i ca t ions  i n  1982 and 1983. 
I n  f a c t ,  i n  view of t h e  guide l ines  s e t  down f o r  
adequate f o l i a g e  p ro t ec t ion ,  t h i s  i s  t h e  case. 
Figure 2 shows c l e a r l y  t h a t  less d e f o l i a t i o n  was 
caused by s i m i l a r  l a r v a l  d e n s i t i e s  i n  both 1982 
and 1983 than  i n  1981. Observed d e f o l i a t i o n  was 
genera l ly  low i n  a l l  blocks i n  a l l  years.  This 
problem wi th  spruce is  a r ecu r r ing  th ing  and 
g r e a t l y  a f f e c t s  t h e  way d a t a  on spray  e f f i cacy  
a r e  analyzed. S imi lar  r e s u l t s  were obtained on 
spruce i n  New Brunswick i n  1983. This spruce 
sampling-interpretat ion problem must be acknow- 
ledged p a r t i c u l a r l y  when analyzing d a t a  from 
experimental  spray  t r i a l s .  It would be very 
easy t o  draw t h e  wrong conclusion on ef f icacy .  

I n  genera l  t h e  e f f i c a c y  of B.t.k. aga ins t  t h e  
spruce budworm has  been mixed with good r e s u l t s  
i n  1981 but  apparent ly  poor r e s u l t s  i n  both 1982 
and 1983. 



Table 111. Resul t s  of spraying B.t.k. a t  20 b . i . u  
per ha on se l ec t ed  red spruce s tands  
i n  Cumberland and Colchester  Counties 
i n  Nova Sco t i a  from 1981 t o  1983. 

Location Pre-spray Defol ia t ion  
and Year Larvae per  

45 cm branch Observed Expected 

Advocate 
1981 
1982 
1983 

Shul ie  
1981 
1982 
1983 

Moose River 
1981 
1982 
1983 

Economy 
1981 
1982 
1983 

Welton Lake 
19 82 
1983 

Eatonvi l le  
1982 
1983 

Chicnecto 
1983 

Sand River 
1983 

Conclusions 

Looking f o r  t he  c lues  a s  t o  why B.t .k.  a t  
times gives  poor r e s u l t s  , o r  apparent ly  poor 
r e s u l t s  is a f r u s t r a t i n g  task .  The reasons f o r  
f a i l u r e  can range from poor t iming, to  bad weather 
fol lowing app l i ca t ion ,  block s i z e  and conf igura t ion ,  

and an i n a b i l i t y  t o  s epa ra t e  cause and e f f e c t  
because t h e r e  is no apparent  d i f f e r ence  between 
t r e a t e d  and non-treated s tands  of t r e e s .  

C e r t a i n l y , i n  t he  New Brunswick experience i n  
1983 cold wet weather seemed t o  be t he  cause f o r  
t he  poor r e s u l t  i n  those blocks sprayed i n  c e n t r a l  
N.B. Delaying spraying t o  take  advantage of 
forecas ted  good weather seems t o  be a t  be s t  a very 
hazardous option.  The longer you wai t  t o  apply 
B.t.k. consigns a t  l e a s t  some of t he  f o l i a g e  you 
want t o  p r o t e c t  t o  t he  budworm. This is  p a r t i c u l a r l y  
s o  when budworm l a r v a l  populat ions a r e  very high.  

c l e a r l y  show the  d i f f e r ences  between t r e a t e d  and 
non-treated a r eas ,  This is  t r u e  f o r  a r eas  t r e a t e d  
wi th  chemicals a s  we l l .  

S tudies  t h a t  a r e  t o  be reviewed elsewhere 
i n  t h i s  symposium poin t  t o  depos i t  a s  a key 
f a c t o r  i n  t he  performance of B.t.k. a s  we l l  a s  t he  
concent ra t ion  of B.t.k. i n  each drop.Surely 
development of more s t a b l e  formulat ions wi th  
s t i c k e r s  and more potent  Bt. s t r a i n s  w i l l  remove 
some of t he  chance out  of p ro t ec t ion  opera t ions  
wi th  B.t.  
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Sampling and d a t a  i n t e r p r e t a t i o n  problems 
appear t o  be p a r t i c u l a r l y  acute  wi th  redlb lack  
spruce. Sampling systems cu r r en t ly  being used a r e  
apparent ly  not  s e n s i t i v e  enough t o  a t  times 




