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In t roduct ion  

I n t e r e s t  i n  and d iscuss ion  of t he  r e l a t i on -  
sh ip  between drople t  spectrum emitted and d rop le t  
spectrum depos i ted ,  spray cloud behaviour, t h e  
r e l a t i onsh ip  between d rop le t s  deposited and 
e f f i cacy ,  and optimum drople t  s i z e ,  has increased 
i n  recent  years  and has r e su l t ed  i n  a number of 
co l l abo ra t ive  s t u d i e s  addressing a spec t s  of t he se  
quest ions.  The ques t ions  a r e  p a r t i c u l a r l y  
pe r t i nen t  t o  opera t ional  use of Baci l lus  
t hu r ing iens i s  (Bt) prepara t ions  because Bt must 
be inges ted ,  probably repeatedly ,  (Fast  and 
Reginiere,  Can. Ent. 116: 123-130; 1984) before  
i t  can a c t .  Therefore, nombers of d rop le t s  
depos i ted ,  t h e i r  d i s t r i b u t i o n  on fo l i age ,  t he  
p robab i l i t y  of a  l a r v a  encountering them, and 
the  dose i n  a given drople t  a r e  important t o  
e f f icacy .  These cons idera t ions  a r e  a s  equal ly  
important t o  optimization of app l i ca t ions  of 
contac t  i n s e c t i c i d e s ,  but  they do not  seem t o  
have been adequately explored. The s t u d i e s  of 
spray cloud behaviour and depos i t ion  by the  New 
Brunswick Spray Efficacy Research Group have 
e s t ab l i shed  the  optimum drople t  s i z e  f o r  depos- 
i t i o n  on coniferous f o l i a g e ,  a s  we l l  a s  many of 
t h e  parameters governing spray deposit ion.  Fas t  
and A. Sundaram, have begun the  explora t ion  of 
t he  e f f e c t s  of drop s i z e ,  drop dens i ty  (drops/ 
needle o r  /cm. sq.)  and B t  concentrat ion on the  
e f f i cacy  of BT i n  labora tory  bioassays on 
fo l i age .  Here we present  a  n a r r a t i v e  summary 
of t he  r e s u l t s  of a  f i e l d  t r i a l  designed t o  
measure t h e  r e l a t i onsh ip  of t h e  number and 
spectrum of d rop le t s  deposited on balsam and 
spruce f o l i a g e  i n  f i e l d  app l i ca t ions  t o  t he  
emitted drople t  spectrum and t o  t he  e f f i cacy  of 
BT. Space l i m i t s  t h i s  d iscuss ion  t o  a broad 
brush desc r ip t ion  of t h e  experiment and t h e  
conclusions reached. A d e t a i l e d  desc r ip t ion  is 
i n  prepara t ion .  The experiment was j o i n t l y  
funded by Canadian Fores t ry  Service ,  Forest  
Pro tec t ion  Limited, and USDA-Forest Service 
(CANUSA) . 
Formulation and Applicat ion 

The B t  formulat ion chosen was Novabac 3 
(32 B ~ ~ / g a l )  d i l u t e d  t o  6.3 B I U / L  and appl ied  
a t  t he  r a t e  of 30 BIU/ha. Tracer dye Er io  Acid 
Red XB 400 was added a t  0.2% w/w, and a s t i c k e r ,  
Rhoplex AC33NP (Rohm and Haas) was added a t  t h e  

r a t e  of 2.0%. Studies by W. MacLean, USDA - ~ p h i s ,  
have shown t h i s  s t i c k e r  t o  be much super ior  t o  
Chevron s t i c k e r .  

Laboratory bioassays e s t ab l i shed  t h a t  n e i t h e r  
t he  dye nor t he  s t i c k e r  a f f ec t ed  the  t o x i c i t y  of 
t he  Novobac 3. 

Evidence from s t u d i e s  c a r r i e d  out  i n  New 
Brunswick, Cranf ie ld ,  and i n  t he  United S t a t e s ,  
show overwhelmingly t h a t  e f f i c i e n t  impaction of 
drops and coverage of con i f e r  f o l i a g e  with u l t r a  
low volume app l i ca t ions  can be achieved only with 
d rop le t  s i z e s  we l l  below one hundred microns. 
Steps were taken t o  ensure maximum de l ive ry  i n  
t he  range 30-50 u a f t e r  evaporat ion.  Wind tunnel  
t e s t s  performed by the  In t e rna t iona l  Centre f o r  
t h e  Applicat ion of Pes t i c ides  (ICAP) i n  Cran- 
f i e l d ,  Great B r i t a i n ,  e s t ab l i shed  optimum 
s e t t i n g s  f o r  t h e  AU 3000 Micronair atomizers t o  
maximize the  number of evaporated d rop le t s  i n  
t h e  6 85p range. A t e s t  spray run p r i o r  t o  spray- 
ing  the  blocks confirmed t h a t  71% of a l l  d rop le t s  
found on needles  were i n  t he  25-75 JJ range. 
Applicat ion was made by Cessna 188 f l y i n g  swaths 
of 110 f ee t .  

Two p l o t s  were sprayed. The f i r s t  on 27 May, 
was t r e a t e d  when t h e  balsam shoot development 
index was 3.8 and the  l a r v a l  index was 3.9 
( i nd i ces  a s  described by Dorais and Ke t t e l a  1982). 
Rain began wi th in  4 hours of spraying and 
continued f o r  t h e  next  4 days, so  no use fu l  
e f f i cacy  d a t a  was obtained but depos i t  measurement 
and f o l i a r  bioassays were performed. The second 
spray was appl ied  8 June when t h e  balsam shoot 
index was 5.0 (open shoots )  and the  l a r v a l  index 
was 4.8. Weather fol lowing t h i s  spray was sunny 
and warm. While spray weather was gross ly  t h e  
same i n  both sprays smoke from smoke bombs 
operated a t  canopy l e v e l  showed t h e  a i r  t o  be much 
more tu rbu len t  during the  second spray. 

Atomization 

Comparison of t he  volume f r a c t i o n s  deposited 
on needles with t he  evaporated o r  t a r g e t  volume 
f r a c t i o n s  repor ted  i n  t h e  ICAP s tudy,  shows t h a t  
s i g n i f i c a n t l y  more l a rge  drops were emitted than 
were found on fo l i age .  Since the  VMD was 85 p, 
t he  4% of d rop le t s  t h a t  were l a rge r  than 85 p 
contained 50% of t he  B t  emitted. A s  drop s i z e  
i nc reases ,  t h i s  r a t i o  becomes even more d is -  
advantageous. 

The e f f ec t ivenes s  of B t  depos i t s  on f o l i a g e  
is  a l s o  d i r e c t l y  r e l a t e d  t o  t he  p robab i l i t y  of an 
ind iv idua l  l a r v a  encountering and consuming a 
d rop le t ,  so  depos i t  frequency is  obviously a 
determining f a c t o r  i n  e f f i cacy .  I n  t he  present  
case ,  t he  p robab i l i t y  of encounter is  approximat- 
e l y  ten-fold h igher  f o r  30-85 p drops than f o r  
drops over 85 p i n  diameter. 

Deposit 

More d rop le t s  were deposited on f i r  needles  
than on spruce needles i n  both sprays ,  which may 



r e f l e c t  t he  i nhe ren t ly  higher u n i t  f o l i a t i o n  of 
t h e  spruce twigs ( i .e .  more and smal ler  needles) .  
On the  same species  mean depos i t s  were s i m i l a r  
f o r  t h e  two sprays ,  0.88 and 0.79 drops/needle 
on f i r ,  0.54 and 0.37 drops/needle on spruce. 
The median needle depos i t s  were much lower, about 
0.45 drops /needle. 

Deposits on balsam f i r  buds d i f f e r e d  s ig-  
n i f i c a n t l y  between the  f i r s t  and second sprays  
(.55 dropslbud and 2.8 drops/bud r e spec t ive ly ) ,  
but  on the  b a s i s  of drops/cm2 of bud, they were 
not  s i g n i f i c a n t l y  d i f f e r e n t ,  6.0 and 6.9 drops/  
cm2 of bud respect ive ly .  

Deposits on Kromekote cards d id  no t  
c o r r e l a t e  with or  r e f l e c t  f o l i a r  depos i t s ,  aver- 
aging 21.l/cm2 i n  P lo t  1 and 6.2/cm2 i n  P lo t  2. 

Spectrum 

Droplet spec t r a  on needles of both balsam 
and spruce i n  both sprays were very s i m i l a r  with 
an average of 75% of a l l  depos i t s  f a l l i n g  i n  t h e  
25-75 u range. The buds, which were expected t o  
be somewhat i n f e r i o r  c o l l e c t o r s  of small  d rop le t s ,  
i n  f a c t  co l l ec t ed  more i n  t he  0-25 u range (20%) 
than the  needles which averaged 6% i n  t h i s  range. 
A t  t h e  present  time depos i t  l e v e l s  i n  t h e  0-25 u 
range a r e  probably not  important due t o  t h e  low 
amount of b t  ca r r i ed  i n  t hese  drops; however, 
f u t u r e  h ighly  concentrated formulat ions might 
change the  toxicologica l  s ign i f i cance  of these  
s i z e  drople ts .  

Spectra deposited on Kromekote cards  were 
s i g n i f i c a n t l y  d i f f e r e n t  from f o l i a r  s p e c t r a  wi th  
g r e a t e r  numbers i n  the  high diameter range re- 
f l e c t i n g  the  now wel l  e s t ab l i shed  d i f f e r ences  i n  
impaction e f f i c i ency  between coni fer  f o l i a g e  and 
l a r g e  f l a t  sur faces .  

The Rhoplex AC33NP s t i c k e r  appeared t o  
give exce l l en t  adhesion i n  both dry and wet 
condit ions.  While no q u a n t i t a t i v e  da t a  on 
s t i c k e r  performance were obtained,  i t  was found 
t h a t  i nd iv idua l  d rop le t s  on fo l i age  were s t a b l e  
t o  manual handling and remained apparently in-  
t a c t  even a f t e r  prolonged exposure t o  ra in .  The 
dye was seen t o  wash out  of t he  depos i t s  which, 
however, remained i n t a c t .  One quest ion which 
remains i s  whether t he  spores and c r y s t a l s  were 
contained wi th in  t he  v i s i b l e  depos i t s  o r  whether 
they tended t o  wash out  l i k e  t he  dye. 

Fo l i a r  bioassays 

Foliage was co l l ec t ed  from nine  sites, and 
f i v e  te rminal  shoots from each s i t e  were bio- 
assayed wi th  10 lab-reared newly-moulted v t h  in-  
s t a r  budworm t o  give 50 l a r v a e l s i t e .  The bio- 
assay was i d e n t i f i c a l  wi th  t h a t  used f o r  lab- 
sprayed fo l iage .  

I n  t he  f i r s t  spray,  when the  buds were 
s t i l l  closed,  t he re  was no co r r e l a t i on  between 
depos i t  and mor t a l i t y .  It was observed t h a t  
l a rvae  fed mainly i n s i d e  t he  bud. This coupled 

with t h e  low depos i t  (0.55 dropslbud) r e su l t ed  i n  
t he  l ack  of co r r e l a t i on .  I n  t he  second spray a 
good c o r r e l a t i o n  between mor t a l i t y  and depos i t  was 
observed. When t h e  da t a  were transformed and 
p lo t t ed  as p rob i t  mor t a l i t y  and log lo  dropslneedle,  
a  good regress ion  was obtained with an ~2 of 81-.5%. 
The 20% unexplained v a r i a t i o n  is  probably due t o  
wi th in  branch v a r i a t i o n  i n  depos i t  and the  
d i f f e r ence  i n  depos i t ion  on o ld  fo l i age ,  where t he  
depos i t  was determined, and the  new f o l i a g e  where 
t he  l a rvae  fed. 

The LD50 (determined by bioassay) of 6.3 BIU/ 
L Novobac appl ied  a t  4.7  ha having a d rop le t  
d i s t r i b u t i o n  with an NMD of 23 u then i s  j u s t  over 
1 drop/needle. The median depos i t  experienced a t  
t he  n ine  s i t e s  i n  t h i s  p a r t  of t he  study was 0.4 
dropslneedle.  These b ioassaysc lear ly  demonstrate 
t he  dependance of mor t a l i t y  i n  f i e l d  app l i ca t ions  
on t h e  f o l i a r  depos i t ,  i n  terms of both drop s i z e  
and drop dens i ty  a t  a  given concentrat ion.  

F ie ld  Evaluation of Efficacy 

Observed su rv iva l  and d e f o l i a t i o n  were 
correc ted  f o r  expected e f f e c t s  based on prespray 
l a r v a l  d e n s i t i e s .  Survival  and d e f o l i a t i o n  i n  
con t ro l s  were s epa ra t e ly  p l o t t e d  aga ins t  prespray 
l a r v a l  d e n s i t i e s  on the  same sample t r e e s ,  regres-  
s ions  derived,  and the  regress ion  used t o  co r r ec t  
observed d e f o l i a t i o n  and su rv iva l  on a sample by 
sample b a s i s  i n  t he  sprayed blocks. The correc ted  
e f f e c t s  were then p l o t t e d  aga ins t  drops!needle. 
A c l e a r  r e l a t i onsh ip  between drops/needle and 
both su rv iva l  and d e f o l i a t i o n  was observed. 
Survival  was not iceably  decreased a t  0.5 drops/  
needle and a t  t h e  6.3 BIU/L concent ra t ion  the  
f i e l d  LD50 was about 1 .0  droplneedle which is  i n  
good agreement wi th  t he  f o l i a r  assay and p red ic t i ons  
from labora tory  s tud ie s .  Foliage p ro t ec t ion  
(expected minus observed de fo l i a t i on )  a l s o  showed 
a r e l a t i onsh ip  t o  dropslneedle although, because 
of t h e  low depos i t s  observed (56% of samples had 
depos i t s  of 0.5 drops/needle) ,  t he  r e l a t i onsh ip  
was l e s s  c l e a r  than f o r  surv iva l .  

No c o r r e l a t i o n  was observed between depos i t  
and t o t a l  biomass145 cm branch, biomass of buds/ 
branch, o r  average pupal weight, because of 
extreme va r i a t i on .  

Several  blocks i n  t he  same a reas  were 
sprayed under s i m i l a r  condi t ions  with B t  a t  12.8 
and 14.0 BIU/L (Dipel 176 and Biochem Futura) 
again appl ied  a t  t he  r a t e  of 30 B I U / ~ ~ ,  but 
depsot was not  monitored. These blocks gave 
s i g n i f i c a n t l y  b e t t e r  con t ro l  than t h e  6.3 BIU/L 
app l i ca t ion  used i n  t he  main experiment. Because 
the  l ike l ihood t h a t  budworm w i l l  encounter a  
d rop le t  is  low a t  t he  depos i t s  measured on most 
branches, a  higher concent ra t ion  of Bt i n  those 
d rop le t s  w i l l  be expected t o  give more e f f i cac ious  
r e s u l t s .  This hypothesis  i s  t o  be t e s t e d  i n  1984 
by r e l a t i n g  depos i t  t o  f i e l d  su rv iva l  and de fo l i -  
a t i o n  a t  32 B~U/ga l ,  48 BIU/gal and 64 B1U/gal 
concentrat ions.  

No ef f icacy/depos i t  r e l a t i onsh ips  were ob- 
ta ined  on spruce i n  l a r g e  p a r t  because t he  expected 
d e f o l i a t i o n  based on prespray l a r v a l  counts was not  
observed. 
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