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The CANUSA working group on the use o f  8.t. 
against the spruce budworm has prepared a docu- 
ment e n t i t l e d  "Guidelines fo r  the operat ional  use 
o f  B a c i l l u s  thu r ing iens i s  (8. t  .) against the spr- 
uce budworm" fo l lowing s i x  years o f  extensive 
cooperative f i e l d  t r i a l s  i n  Canada and the 
U.S.A. (Morr is  e t  a1 1984). The document sum- 
marized below (Table 1) describes the cur rent  
s t a t e  o f  the a r t  and i s  based on the concensus o f  
a committee o f  s c i e n t i s t s  a c t i v e l y  involved i n  
the  management o f  t h i s  insect  pest i n  the two 
countr ies.  

TABLE I. Technical gu ide l ines f o r  the operation- 
a l  use o f  B a c i l l u s  thu r ing iens i s  against t he  
spruce budworm - summary 

1. Potency: Be sure ac tua l  potency i s  as 
claimed on labe l .  

2. A i r c r a f t :  Ca l i b ra t i on  essent ia l .  Use 
ac tua l  tank mix. 

3. Mixing sequence: Water then s t i c k e r  then 
B.t. 

4. St icker:  As recommended by 8.t. manufactur- 
er. 

5. Dye: None f o r  operat ional  use. 
6. Dosage ra te :  12 BIU/AC (30 BIU/ha) 
7. Volume ra te :  .25 t o  0.5 gpa (2.37 t o  4.7 

l /ha) . 
8. App l ica t ion  t iming:  When buds s t a r t  t o  

f l a r e .  
9. Ground drop le t  densi ty:  A i m  f o r  greater 

than 25 drops/cm2. 

There are several items i n  t h i s  sunmary and 
elsewhere which t o  my mind requ i res  fu r the r  study 
w i t h  a view t o  improving the e f fec t iveness o f  
B.t. I intend t o  discuss b r i e f l y  these items, t o  
present some recent f i e l d  resu l t s ,  and t o  o f f e r  
some recommendations f o r  research. 

But f i r s t l y  an update on the operat ional  use 
o f  B.t. against the budworm i n  Canada. 

Status o f  Operation T r i a l s  

The summary presented i n  Table 2 shows 
qu i te  c l e a r l y  an increasing use t rend between 
1979 when the cooperative CANUSA program s tar -  
ted  and the proposed 1984 use. Between 1979 
and 1980, the propor t ion  o f  f o res ts  sprayed 
wi th  8.t. was very low (1.5 t o  2%). The pro- 
po r t i on  increased t o  9% i n  1983 and to  14.1% 
(proposed) i n  1984. This represents a sub- 
s t a n t i a l  increase o f  B.t. use between the be- 
g inning and the end o f  the co-operative pro- 
gran on the *ole, a t rend vhich I expect w i l l  
continue. 

Table 2. Approximate areas (ha) o f  f o res t  op- 
e r a t  i o n a l l y  sprayed for  spruce budworm cont r -  
o l  i n  Canada between 1979 and 1984 (proposed). 

Year 
Chemical % by 

Insect ic ides 8 .t . B.t. 

1979 + 1980 4,024,227 83,773 2 
1982 2,265,000 34,000 1.5 
1983 86,650 7,600 9.0 
1984 (Proposed) 2,094,900 343,000 14 1 

A summary o f  the use trend by province 
(Table 3) shows tha t  Ontario, Nova Scot ia and 
Quebec were the l a rges t  users o f  8.t. between 
1979 and 1984 (proposed) based on the percen- 
tage o f  t h e i r  sprayed areas t reated w i th  8.t. 
New Brunswick also increased t h e i r  0.t. t r ea ted  
areas but  i n  t e n s  o f  acreage ac tua l l y  t reated 
wi th  the m ic rob ia l  i nsec t i c i de  the increase 
was not large.  Newfoundland dropped preci-  
p i t o u s l y  from 44% i n  1979 + 1980 t o  1% 
(proposed) i n  1984. 

Table 3. Areas (ha) opera t iona l ly  t reated by 
chemical pest ic ides and 8.t. against the  
spruce budworm i n  1979 + 1980 and i n  1984. 

1979 + 1980 1984 ( Proposed) 
Province Tota l  L Bt. Tota l  L Bt. 

ONT. 49,710 9.5 10,000 80.0 
N.B. 3,252,360 0.01 1,930,000 2.1 
NFLD. 35,619 43.9 71,300 1.1 
N.S. 63,276 47.8 35,000 100 
QUE . 791,377 4.2 815,800 32.6 

TOTAL 4,191,773 2.0 2,862,100 12.2 



E f f e c t  of  B.t. on budworm biomass 

I t  i s  gkne ra l l y  acknowledged t h a t  the 
non- le tha l  e f f e c t s  o f  0.t. t reatments a re  
impor tan t  a d d i t i o n a l  c r i t e r i a  f o r  judging the  
e f f ec t i veness  o f  t he  m i c r o b i a l  agent. This 
type o f  e f f ec t  was r e c e n t l y  demonstrated i n  the 
f i e l d  against  the  budworm i n  balsam fir stands 
(Mor r i s  and Moore 1983). The data  summarized 
below ( Table 4) were gathered from experiments 
c a r r i e d  out a t  R i v i e r e  du Loup, Quebec i n  
1981. Note t h a t  l a r v a l  biomass i n  0.t. t r ea ted  
popu la t ions  were s i g n i f i c a n t l y  lower than i n  
the  c o n t r o l  and t h e  Dipel-vehic le-a lone t r e a t e d  
populat ions.  There was no d i f f e r e n c e  between 
the  check and the  D ipe l -veh ic le  p l o t .  Th is  
p l u s  t he  da ta  on popu la t ion  reduc t ions  and 
d e f o l i a t i o n s  demonstrate t h a t  the veh i c l e  had 
no e f f e c t  on t he  popu la t ion  as was suspected by 
one worker . We a l so  found t h a t  t he  
D ipe l -veh ic le  had no demonstrable e f f ec t  on t he  
inc idence o f  l a r v a l  and pupal p a r a s i t i s i m  
(Mor r i s  1983). 

Table 4. Ef fect  o f  Thur ic ide  16f3@ and D i p e l  
88@ on spruce budworm l a r v a l  biomass, l a r v a l  
popu la t ion  reduc t ion  and d e f o l i a t i o n  o f  balsam 
fir. 

L a r v a l  
Biomass 

Treatments (Mg/IOO oI 10 oI 

shoots) Reduction Defol .  

Thur ic ide  
20 BIU i n  

9.4 L/ha 0.86 36a 2 M l l a  
D ipe l ,  20 BIU 

i n  9.4 L/ha 0.69 36a 21t16a 
D ipe l  veh i c l e  
25X, 9.4 L/ha 44.2 Ob 66*16b 
Untreated checks 34.2 Ob 65*1ab 

Potencv 

Several researchers and operators have re- 
ceived i n  the  past from manufacturers B.t. pro- 
duc ts  vhich were below l a b e l l e d  potency. Rare- 
l y  does one have enough t ime between r e c e i p t  of 
t he  product and the t ime t o  apply i t  t o  assess 
l a b e l l e d  potency. This problem, i n  a d d i t i o n  t o  
causing s i g n i f i c a n t  e r r o r s  i n  experimental ap- 
p l i c a t i o n s  can c rea te  ser ious  c r e d i b i l i t y  gaps 
between the  product user and the  manufacturer. 
I be l i eve  some attempt has been made by t h e  

commercial companies t o  co l l abo ra te  on t he  sta- 
nda r i za t i on  of t h e i r  product assays bu t  as f a r  
as I b o w  there  i s  s t i l l  no agreement anong 
them. The problem occurred as r e c e n t l y  as 1982 
when product potencies as determined by suppl- 
i e r s  were f a r  i n  excess o f  ac tua l  potencies as 
determined by independent l abo ra to r i es .  I want 
t o  imp lore  the  producers t o  come t o  some gener- 
a l  agreement among themselves on bioassay tech- 
n ique fo r  mon i to r ing  t h e i r  products. This tec-  
hnique should be one t h a t  i s  f a i r l y  easy t o  use 
by researchers, independent l abo ra to r i es ,  and 
operators. 

I be l i eve  t h a t  t h i s  bioassay problem i s  
due n o t  on ly  t o  d i f f e rences  i n  basic technqiue 
bu t  a lso  t o  d i f f e rences  between t e s t  insects.  
Even "minor" genet ic  d i f f e rences  between and 
w i t h i n  i nsec t  populat ions may r e s u l t  i n  d i f f e r -  
ences i n  t h e i r  s u s c e p t i b i l i t y  t o  m ic rob ia l  ag- 
ents. This admitedly makes a standard bioassay 
procedure ra the r  d i f f i c u l t .  One poss ib le  way o f  
so l v i ng  t h i s  dilemma i s  t o  canplement insec t  
bioassay w i t h  t he  enzyme-linked immuno absorb- 
en t  assay (ELISA) f o r  0.t.  endotoxin. The dev- 
elopment o f  t h i s  technique whi le no t  r ep lac ing  
i nsec t  bioassay ent  i r e 1  y would be valuable no t  
on l y  f o r  assaying t he  t o x i n  content  o f  commerc- 
i a l  products but  a lso f o r  r a p i d l y  assaying tank 
mixes and f i e l d  depos i ts  over the  sho r t  o r  l o n g  
term a t  the  ground o r  t r e e  l e v e l .  The method i s  
rap id ,  s p e c i f i c ,  s e n s i t i v e  and reproduc ib le  and 
I be l ieve ,  i f  used, cou ld  reduce the  v a r i a b i l -  
i t y  normal ly  encountered i n  bioassays. I have 
no doubt t h a t  t h i s  has been considered by 0.t. 
and v i r u s  producers, so I would be i n t e r e s t e d  
t o  know h y  i t  has not  been developed t o  t he  
stage required.  

Dur ing t h e  1970's and 19801s, the  commerc- 
i a l  companies have made a v a l i a n t  e f f o r t  t o  
manufacture more h i g h l y  concentrated i3.t. pro- 
ducts and have been q u i t e  successfu l  i n  doing 
so. Products o f  48 BIU/US ga l .  have al ready 
been f i e l d  tes ted  and 64 BIU products are al -  
ready on the  market or w i l l  soon be. The obv i -  
ous advantage t o  h i g h l y  concentrated products 
r e l a t e s  t o  cos t  reduct ion.  Much o f  t he  cos t  o f  
e a r l i e r  ma te r i a l s  was due t o  bu lk  shipment and 
t h i s  cou ld  be reduced by shipping h i g h  concent- 
r a t e  products. The o ther  advantage o f  such 
h i g h  concentrates i s  the fac t  t h a t  0.t. i s  most 
e f f e c t i v e  k e n  the t a r g e t  t r ees  are densely 
covered w i t h  d rop le t s  conta in ing  a h igh  concen- 
t r a t i o n  o f  the  tox icants .  

Table 5 presents data (from Drs. Fast and 
Sundaram, FPMI) on the r e l a t i o n s h i p  between 
d r o p l e t  dens i ty  o f  B.t. on con i fe rous  f o l i a g e  
and spruce budworm l a r v a l  m o r t a l i t y .  Note t h a t  
l a r v a l  m o r t a l i t y  a t  the  lowest  dosage (8  BIU/ 
U.S. ga l )  i s  h i g h l y  va r i ab le  regardless o f  



coverage. This suppor ts  my contention t h a t  8 
BIU / ac re  is only marginally e f f e c t i v e  for  both 
spruce budworm a d  gypsy moth con t ro l .  

Table 6 .  Droplet ana lys i s  of spray d e p o s i t s  of 
undiluted Thuricide and Dipel co l l ec t ed  on 
kromekote cards  during a r i c r a f t  calibrations 

However, j u s t  3 drops/needle a t  12  BIU/gal 
gave acceptable  mor t a l i t y .  A 12 BUI/acre 
dosage r a t e  is gaining general  acceptance by 
opera tors .  Thus i f  8.t. is commercially 
formulated i n  concentrated form so t h a t  t he  12  
BIU/acre w i l l  alow a high l eve l  of atomization 
(VMD c i r c a  60 mm), low evaporation r a t e  and 
dense coverage a t  t he  feeding site, then t h e  
cos t -benef i t  r e l a t i o n s h i p  i n  f o r e s t r y  
app l i ca t ions  should be e n t i r e l y  acceptable.  

Table 5. Relat ionship between d rop le t  dens i ty  
on coniferous fo l iage  and spruce budworm l a r v a l  
mor t a l i t y  following a e r i a l  app l i ca t ion  o f  
Bac i l l u s  t hu r ing iens i sa  

Concentration X Morta l i ty  
Sprayed Drops/Needle ( 50 l a rvae )  

2.1 BIU/l 1 
(8 BIU/US g a l )  3 

6 
3.2 BIU/l 1 
( 12 BIU/US g a l )  3 
5.3 B I U / l  1 
(20 BIUJUS g a l )  3 

6 
a ~ o u r t e s y  of Drs. P. Fast  
( FPMI) 

100 
and A. Sundaram 

The quest ion of  t he  most appropr ia te  drop- 
l e t  s i z e  for  maximun e f f ec t ivenes s  agains t  t he  
spruce budworm is a l so  unanswered a t  t h i s  
poin t .  It would be useful  t o  know what d rop le t  
s i t e  one could expect with a p a r t i c u l a r  set of 
formulat ion,  atomizer and weather condi t ions  
but  we a r e  still i n  a s t a t e  of confusion on 
t h i s  score.  To i l l u s t r a t e  t he  problem, Table 6 
g i v e s  t he  drople t  analyses of undiluted Thuri- 
c ide  and Dipel of  drops co l l ec t ed  on Kromekote 
ca rds  during a i r c r a f t  c a l i b r a t i o n  i n  1982. 

Thuricide Dipel Thuricide Dipel 
C r i t e r i a  488 488 3 28 328 

Spread 
Factor 
MeaMSE 1.2M.09 1.2*0.01 1.2W.09 1.2*0.08 
omin( M I  (25 17 <25 17 

2ir; :; 233 30 2 323 41 7 
50 4 1 155 163 

VMD ( M) 100 66 205 207 

aApplied with AU3000 Micronairs 

We see  t h a t  t he  d rop le t  maximun diameters 
D m  of  m d i l a t e d  Dipel 488 and 328 =re 
l a r g e r  t h a t  those of undiluted t h u r i c i d e  488 
and 328 suggest ing t h a t  t he  atomization of 
Thuricide was super ior  t o  t h a t  of Dipel. Note, 
however, t h a t  t he  d i  f fe rences  between NMD and 
VMD (which r e f l e c t  uniformity of t he  d rop le t  
spectrum) were i den t i ca l  for  t h e  two products 
( i . e .  50 um) ind i ca t ing  t h a t  t he  atomization o f  
t h e  sprays were i n  f ac t  s i m i l a r ,  i n  s p i t e  of 
Dmax dif ferences .  This unexpected s i m i l a r i t y  
is a b i t  of a conondrum but may have something 
t o  do with t h e  v i s c o s i t i e s  of the  products. 
Viscosi ty w i l l  d i r e c t l y  a f f e c t  d rop le t  s i z e  
range produced during atomization and a l s o  
a f f e c t s  i n d i r e c t l y  d rop le t  s i z e  a t  t h e  
impingement s i t e  because it a f f e c t s  t he  r a t e  o f  
evaporat ion during descent  of t h e  drople t .  
Dipel a c t s  l i k e  a t yp i ca l  non-Newtonian f l u i d .  
The apparent  v i s c o s i t i e s  of such f l u i d s  can be 
dramat ica l ly  reduced depending on sheer  r a t e  . 
Research is needed with non-Newtonian products  
t o  determine the  most s u i t a b l e  apparent viscos- 
i t i e s  for  a var ie ty  of nozzle types and sheer  
r a t e s .  Some has already been done but t o  my 
knowledge has not been p lb l i shed .  Such infor-  
mation would he lp  t o  predic t  drop-size s p e c t r a  
f o r  a va r i e ty  of spray systems. 

Las t ly ,  &en 328 and 488 prepara t ions  a r e  
compared, the  d i f f e r ence  between NMD and VMD 
f a r  Dipel 488 is 25 but  is 44 f o r  Dipel 328. 
The reason for  t he  apparent d i f f e r ence  i n  beha- 
v i o r  between 328 and 488 products  is not c l e a r  
t o  me. Perhaps manufact w i n g  r ep re sen ta t i ves  
can expla in  t h i s .  



S t i c k e r s  

I n  t h e  CANUSA t e c h n i c a l  g u i d e l i n e s ,  we re- 
commended t h a t  a  s t i c k e r  be used i n  a l l  pres-  
e n t l y  manufactured B . t .  product tank mixes. We 
could no t  f i n d  enough well documented informat-  
i o n  on t h e  e f f e c t i v e n e s s  of v a r i o u s  s t i c k e r s  
f o r  a e r i a l  a p p l i c a t i o n  and on t h e i r  compat ib i l -  
i t y  with B.t. t o  make any g e n e r a l  recommendat- 
ion .  We were a l s o  aware t h a t  d i f f e r e n t  t y p e s  
o f  fo rmula t ions  may r e q u i r e  d i f f e r e n t  types  of 
s t i c k e r s .  We t h e r e f o r e ,  sugges ted  t h a t  opera t -  
o r s  should fol low t h e  recommendation of  t h e  
product manufacturers .  

Table 7. Some s t i c k e r s  used i n  t h e  a e r i a l  app- 
l i c a t i o n s  of microb ia l  a g e n t s  over  f o r e s t s .  

Product S t i c k e r  Conc ./US g a l .  

T h u r i c i d e ,  Dipel Chevron 2.365-3.785 M 1  
Du pon t 
Spread s t i c k e r  2.42 m l  
Biof i l m  4.73 m l  
Rhoplex B60A 75.7 m l  

NPV Biof i l m  4.73 m l  

Table 7 p r e s e n t s  some s t i c k e r s  commonly 
used i n  a e r i a l  a p p l i c a t i o n s  of microb ia l  a g e n t s  
over f o r e s t s .  None of  t h e s e  have been f u l l y  
accepted by o p e r a t o r s  o r  r e s e a r c h e r s  i n  terms 
o f  t h e i r  e f f e c t i v e n e s s .  There is e v i d e n t l y  an 
in format ion  gap here  h i c h  B.t. producers  i n  
p a r t i c u l a r  would be well  advised t o  exp lore .  
Acry l ic  s t i c k e r s  (e .g.  Rhoplex) a r e  now en te r -  
i n g  t h e  market and they  do appear t o  be super-  
i o r  t o  o l d e r  types  of s t i c k e r s  i n  terms of ef-  
f e c t i v e n e s s .  Other a c r y l i c s  l i k e  5?4 Bond and 
3% Acrylocoat  a r e  high1 y e f f e c t i v e  under l abor -  
a t o r y  c o n d i t i o n s  (Win McLane, O t i s  Air Base) 

Footnote: 

NMD = The diameter  t h a t  d i v i d e s  t h e  number o f  
d r o p l e t s  i n t o  two equal  groups - 50% of  t h e  
d r o p l e t s  have a  d iameter  above t h e  NMD and 50% 
below. 
VMD = t h e  d r o p l e t  s i z e  diameter  t h a t  d i v i d e s  
t h e  spray  volume i n t o  equal  p a r t s  - 50% of t h e  
volume is i n  d r o p l e t s  below t h e  VMD and 50% 
above. 

when appl ied  with B.t. o r  NPV a g a i n s t  gypsy 
moth on red oak s e e d l i n g s .  There a r e ,  however, 
s e v e r a l  c r i t e r i a  h i c h  should be assessed  
b e f o r e  a  s t i c k e r  is recommended : 

1.  I t  must be determined t h a t  t h e  s t i c k e r  
does not de lay  o r  i n h i b i t  t h e  a v a i l a b i l i t y  
o f  t h e  microb ia l  agent  when it is i n g e s t e d  
by t h e  t a r g e t  pes t .  I t  should be e a s i l y  
degradable  i n  var ious  l i q u i d  environments  
s imula t ing  t h e  i n s e c t  gut  c o n t e n t s  of a  
v a r i e t y  o f  p e s t  s p e c i e s .  

2. I t  should be non-toxic f o r  t h e  m i c r o b i a l  
agen t .  Some microb ia l  a g e n t s  seem t o  be 
p a r t i c u l a r l y  s e n s i t i v e  t o  chemical 
'agents .  Microsporiadia  i n  my exper ience  
is one such group and nematodes ano ther .  

3 .  I t s  use should not be l i m i t e d  t o  c e r t a i n  
water  t y p e s  o r  q u a l i t i e s  because t h e  
o p e r a t o r  o f t e n  has l i t t l e  choice i n  t e rms  
o f  t h e  water he must use a s  d i l u e n t .  

4. I t s  chemical n a t u r e  should not be a l t e r e d  
s i g n i f i c a n t l y  under c o n d i t i o n s  of h igh  
s h e a r  produced by a i r c r a f t  spray systems. 
I n  1982, t h e  use of Phoplex i n  B . t .  t a n k  
mixes i n  Canada put out  of a c t i o n  our 
a i r c r a f t  flow meter and gummed up t h e  
sp inn ing  d i s c  cage of our Micronairs  
de lay ing  our f i r s t - a p p l i c a t i o n  by one day 
under good weather c o n d i t i o n s .  S i n c e  
polymers t e n d s  t o  i n t r o d u c e  t h i x o t r o p i c  
p r o p e r t i e s  to  a  l i q u i d  formulat ion,  some 
knowledge o f  t h e i r  e f f e c t  on 
v i s c o s i t y - s h e a r  r a t e  would be h e l p f u l  f o r  
producing d e s i r e d  drop-size s p e c t r a  d u r i n g  
a e r i a l  a p p l i c a t i o n .  

In summary, it seems t o  me e s s e n t i a l  t h a t  
t h e  p h y s i c a l ,  chemical ,  b i o l o g i c a l  and t o x i c o l -  
o g i c a l  p r o p e r t i e s  o f  s t i c k e r s  should be 
ta i lor-made t o  achieve maximum spray  e f f i c i e n c y  
with microb ia l  i n s e c t i c i d e s .  

Tracer  dyes 

The CANUSA g u i d e l i n e s  recanmended t h a t  no 
t r a c e r  dyes be used i n  o p e r a t i o n a l  a p p l i c a t -  
i o n s ,  however, i f  a  dye is needed t h e  recommen- 
d a t i o n  of  t h e  manufacturer should be fol lowed.  
Dyes a r e  sometimes c a l l e d  f o r  i n  semi-operat- 
i o n a l  amd o f t e n  i n  experimental  t r i a l s .  A s  f a r  
a s  I know, t h e  commercial s u p p l i e r s  a r e  not 
f u l l y  agreed on an accep tab le  t r a c e r  dye. A 
l a r g e  number of dyes have been t e s t e d  a s  B.t. 
t r a c e r ,  bu t ,  a s  i n  t h e  c a s e  of s t i c k e r s ,  very 
l i t t l e  in format ion  e x i s t s  on t h e i r  c a n p a t i b i l -  
i t y  with microb ia l  agen ts ,  t h e i r  chemical s t a b -  
i l i t y  fol lowing r e l e a s e  from t h e  a i r c r a f t ,  t h e  



maintenance o f  t h e i r  i n t e g r i t y  on the  sur face o f  
f o l i a g e  and t h e i r  environmental a c c e p t a b i l i t y .  

Table 8  g ives  a  l i s t  o f  the most commonly 
used t r ace r  dyes f o r  a e r i a l  app l i ca t i ons  o f  
m ic rob ia l s  over fo res ts .  

Table 8. Some t r a c e r  dyes used i n  a e r i a l  
app l i ca t i ons  o f  m ic rob ia l  agents over fo res ts .  

Product DY e  Con./US g a l  

Thur ic ide  ,Dipela Rhodamine B 3.785 g  
N igros ine  7.57 g  
B r i l l i a n t  

Su lphof lav ine  3.785 g  
Er i o  Acid Red 

X 8400 0.095 g  
Tussock Moth-NPV Rhodamine B 3.785 g  

BSF 3.785 g  

Table 9  presents data on the  c o m p a t i b i l i t y  
o f  the  dyes w i t h  B.t. m d e r  l abo ra to ry  cond i t -  
i ons  ( Mor r i s  1980) . 

O f  t he  5 dyes shown, on ly  Rhodamine B had 
any apparent de le te r i ous  e f f e c t  on spore v i ab i -  
l i t y  bu t  the h a l f - l i f e  was so long, t h a t  t h i s  
e f f e c t  i s  considered p r a c t i c a l l y  i n s i g n i f i -  
cant .  Rhodamine 0, however, has been repor ted  

Table 9. Decay r a t e s  o f  v i a b l e  spores o f  
Thur ic ide  168 d i l u t e d  1  :I i n  water and exposed 
t o  0.1% o f  var ious  t r ace r  dyes f o r  21 days. 

Decay 1/2 1 i fe -days  
Const ant  (95% CL) 

(R) 

Thur ic ide  alone 0  - 
Rhodamine B 0.036*0.015 19(10-150) 
B r i l l i a n t  Sulpho 

F lav ine  0  - 
Nigrosine 0  - 
E r i o  Acid Red 

X B400a 0  - 

aNo s i g n i f i c a n t  decay f o r  69 days. 

t o  induce mutations i n  Salmonella and DNA dam- 
age i n  hamster ovar ian c e l l s  (Nestmann and 
Kowbel 1979; Nestman e t  a1 1979) making i t  sus- 
pect environment a l l  y  . 

I have used success fu l l y  E r i o  Acid Red XB, 
a  red f luorescent  dye chemical ly  r e l a ted  t o  
Rhodamine B (4,5 dihydroxy-3-(P-nitro benzyl)  
azo 12,7 naphthalene disulphonic acid disodium 
s a l t .  I t i s  no t  mutagenic fo r  bac ter ia .  Toxi- 
c i t y  data from Ciba Geigy i n d i c a t e  r a t  o r a l  
acute t o x i c i t y  o f  5000 mg/kg; 96 h r  f i s h  t o x i -  
~ i t y - L C ~ ~ ,  1000 gm/l; b a c t e r i a l  a c t i v i t y  - no 
i n h i b i t i o n  a t  300 m g / l  . 

Table 10 g i ves  data on the t o x i c i t y  o f  EAR 
f o r  spruce budworm la rvae using a  f o l i age  d ip -  
p ing  technique. No s i g n i f i c a n t  t o x i c i t y  t o  t he  
la rvae could be detected even a t  a  concentrat-  
i o n  1000x t h a t  used i n  f i e l d  tank mixes (25 
mg/l).  

Table 10. T o x i c i t y  o f  E r i o  Acid Red XB 400 f o r  
L4-Lg l a r vae  o f  t he  spruce budworm; 5  
rep l i ca tes .  

Conc. o f  Pooled No. Adjusted OA 
Dye ( g / l )  o f  l a r vae  M o r t a l i t y  

0.025 
0.25 
2.5 

25 .O 
Check 

Table 11 g i ves  data on t he  bioassay o f  
Thur ic ide w i t h  and wi thout  the dye against  
Lg la rvae.  The "needle inocu la t ion"  method was 
used i n  which know dosages o f  B.t. were fed t o  
t he  l a r vae  on balsam f ir needles. The dye had 
no apparent e f f e c t  on l a r v a l  m o r t a l i t y .  
Because t h i s  dye i s  f luorescent ,  i t  has been 
used success fu l l y  i n  de tec t i ng  very smal l  
d rop le t s  o f  6.t. on coni ferous f o l i a g e  m d e r  
f luorescent  op t i cs .  It should be tes ted  w i t h  
o ther  m ic rob ia l  agents. 

Sun l igh t  screens 

Several workers have demonstrated t h a t  
6.t.  and other entomopathogens are r a p i d l y  
i n a c t i v a t e d  by s m l i g h t  and some have shown 
t h a t  the r e s i d u a l  a c t i v i t y  o f  some o f  these 
agents can be enhanced by the  a d d i t i o n  o f  



Table 11. Bioassay of Thur ic ide 168 w i t h  and e f f e c t  o f  s u n l i g h t  screens on t he  res idua l  act- 
w i thout  E r i o  Acid Red X6400 (0.25 g / l )  against  i v i t y  o f  D i p e l  366 app l ied  t o  whi te spruce 
5 t h  i n s t a r  spruce budworma. t rees.  O f  the  four formulat ions o f  sunscreens 

tested,  DS49+ EAR+ molasses had the  l a r g e s t  
number o f  absorbance peaks w i t h i n  t he  so la r  

Adjusted wavelengths, t he  h ighest  R/2 ( t h e  amount o f  so- 
Dosaqe/larva No. % M o r t a l i t y  S t a t i s t i c s  l a r  r a d i a t i o n  measured i n  ~ ~ a l / c m 2  requ i red  to - 

reduce the  potency o f  O.t .  b y  50%) and. a s lope 
t h a t  was s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  

3.1 I U  49 49 D ipe l  wi thout  s u n l i g h t  screens. 
3 , 1 I U + E A R  49 49 x2=2.026, IDF 
31 .O I U  49 88 This sunscreen fo rmula t ion  was a e r i a l l y  
31.0 I U + E A R  49 9 3 x2=0.544, IDF tes ted  against  the  spruce budworm i n  balsam fir 
Check 49 - stands. The r e s u l t s  are summarized i n  Table 

13. 
aSingle needle i n o c u l a t i o n  method 

sunl ight-screens t o  m i c r o b i a l  formulat ions.  
Near ly  a l l  the  publ ished repo r t s  so f a r  r e l a t e  
t o  a g r i c u l t u r a l  systems and on ly  a few o f  them 
have done t h e i r  t e s t s  under na tu ra l  sun l igh t .  
Most r ecen t l y  Shapiro e t  a1 (1983) demonstrated 
t h a t  benzy l id ine  sufonic ac id  enhanced the  per- 
s is tence o f  NPV 3 - fo l d  under sunlamps i n  t he  320 
t o  400 nm range. We designed experiments t o  
f i n d  p r o t e c t i v e  ma te r i a l s  which could be added 
t o  commercial products o r  t o  tank mixes intended 
f o r  a e r i a l  a p p l i c a t i o n  over fo res ts .  

Table 12. The e f f e c t  o f  s u n l i g h t  screens on 
t he  res idua l  i n s e c t i c i d a l  a c t i v i t y  o f  D ipe l  368 
app l ied  t o  2 r e p l i c a t e  whi te spruce t rees.  

Table 13. The e f f e c t  o f  the  a d d i t i o n  o f  sun- 
l i g h t  screensa t o  commercial B a c i l l u s  t hu r i nq -  
i e n s i s  (Thur i c i d e  320X) on l a r v a l  popu la t ion  
reduc t i on  o f  and d e f o l i a t i o n  by the spruce bud- 
worm i n  balsam fir stands. 

% La rva l  Popu la t ion  
Reduction a t  Days 

Dosage r a t e  Post -app l ica t ion  
BIU/ ha 14 2 1 

Percent 
~ e f o l i a t i o n b  

10 Ob 9b 6 9d 
10+screen 67a 79a 39ab 

20 63a 68a 45bc 
20+scr een 67a 88a 5 5c d 

Check I Ob Ob 71 d 
Check I1  Ob Ob 89d 

R1/2 i n  Absorb a l ? 4  Uv inu l  DS49 (Sodium 2,Z1-dihydroxyl-4,4'- 
Formulat ion Slopesa Kcal/ Max. dimethox y-5-sul fobenzophenone) +0 .I E r i o  Acid 

cm2b (nm) Red B 100 (sodium s a l t  o f  formyl-m-benzenedi- 

D ipe l  alone -0.202a 
15'4 DS49+CYASORB 
+ 0.5% CMC -0.148ab 
1XDS49 = 1% UVITEX 
+ 0.5:; CMC -0.087ab 
DS49 + 0 .I % EAR 
+ 6% MOLASSES -0.069b 
1:; DS49 + 0 .I% EAR 
+ 1% PVP + 0.5% CMC -0.129ab 

sulphonic acid) .  
1.8 270 b ~ e f o l i a t i o n  values fo l lowed by t he  sane l e t t e r  

are no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  5% l e v e l .  
2.4 282,320 

4.1 282,330 
282,320 I n  these t e s t s  molasses was omit ted from 

5.3 400,565 the  mix tu re  because o f  the a l ready h igh  sugar 
content o f  the  Thur ic ide  used. 

2.8 282,328 
565 The r e s u l t s  i n d i c a t e  t h a t  a t  the  lower 

dosage r a t e  o f  B.t. ( 1 0  81U/ha), t he  e f f e c t i v e -  
aEstimates fol lowed by the  same l e t t e r  are no t  ness o f  Thur ic ide  conta in ing  t he  s u n l i g h t  

s i g n i f i c a n t l y  d i f f e r e n t  a t  5% l e v e l  (SNK) screens MIS s i g n i f i c a n t l y  g rea ter  than t h a t  o f  
b ~ 1 / 2  represents the  amount o f  r a d i a t i o n  Thur i c i d e  w i thout  the screens. The screening 

requ i red  t o  reduce the potency by 50%. e f f e c t  was apparent ly  masked by t he  h igher  lev -  
e l  o f  a c t i v e  i ng red ien t  a t  t he  20 ~1U/ha a p p l i -  
c a t i o n  ra te .  Thus, i t  may be poss ib le  t o  redu- 
ce the  dosage r a t e  app l ied  by extending t h e  

The data  i n  Table 12 summarizes t h e  r e s i d u a l  l i f e  of t he  B.t. on f o r e s t  t rees.  
r e s u l t s  o f  experiments designed t o  t e s t  t he  



I n  summary, wh i le  the  e f f ec t i veness  o f  cur- 
r e n t l y  produced B.t. has improved g r e a t l y  over 
t h a t  o f  t he  o lder  products, g rea te r  e f f o r t  on 
t he  p a r t  o f  manufacturers t o  formulate t h e i r  
products w i t h  s u n l i g h t  screens t o  enhance res id -  
u a l  a c t i v i t y  seems f u l l y  j u s t i f i e d  t o  me. 

Table 14. E f f e c t  o f  s i ng le  vs. double app l i ca t -  
i o n  o f  the  same dosage r a t e  on popu la t ion  dens- 
i t y  r educ t i on  i n  and d e f o l i a t i o n  o f  balsam fir 
stands. 

Of w 
10 10 

Colonies Popu la t ion  D e f o l i -  
Treatment per cm2 ~ e d u c t i o n b  a t i o n  

D i p e l  2x10 8 2 91 ab 3 5a 
D ipe l  1x20 4 2 84ab 24a 
Thur ic ide  2x20 7 1 81 ab 3 5a 
Thur ic ide  1x40 77 95ab 36a 

CH- I - - OC 71b 
CH-I I - - OC 89d 

aDipel  popu la t ion  density/100 shoots, 23 and 
24; Thur ic ide ,  23 and 27. 
b ~ i n a l  post-spray corrected f o r  pupal morta l -  
i t y .  Values fo l lowed by t he  same l e t t e r  are n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  5% l e v e l  ( ANOVA, 
Tukeyt s) . 

Sina le  vs. double a ~ ~ l i c a t i o n s  

Double o r  s p l i t  app l i ca t i ons  o f  B.t. are 
gene ra l l y  accepted as necessary i n  mixed stands 
o f  whi te spruce, Picea glauca and balsam fir, 
Abies balsamea, bu t  the  s t ra tegy  o f  apply ing 
s p l i t  app l i ca t i ons  o f  B.t. i n  unmixed stands has 
been i n  question. A e r i a l  app l i ca t i ons  o f  D ipe l  
and Thur ic ide  i n  spruce budworm i n f e s t e d  balsam 
f ir  stands were designed t o  answer t h i s  

question. The r e s u l t s  sunmarized i n  Table 14 
i n d i c a t e  t h a t  s p l i t  app l i ca t i ons  a re  n o t  s i g n i -  
f i c a n t l y  more e f f e c t i v e  than s i n g l e  ones of t he  
same dosage as measured by d e f o l i a t i o n  and pop- 
u l a t i o n  reduc t i on  (Mor r is  1984). 

Dosaqe and Volume 

The quest ion o f  t he  most e f f e c t i v e  and ap- 
p rop r i a te  dosage and volume fo r  a e r i a l  app l i c -  
a t i o n  against  the  spruce budworm was the  scb- 
j e c t  o f  a cooperat ive f i e l d  research p r o j e c t  
between Canada and the  U.S.A. two years ago. 
I n  Canada, doses o f  10, 20, 40 and 80 BIU i n  
9.4 l / h a  and 30 BIU i n  2.4, 4.7 and 9.4 l / h a  
were app l ied  against  budworm populat ions rang- 
i n g  i n  dens i ty  between 10 and 36 f o u r t h  i n s t a r  
l a r vae  per 45 cm branch i n  balsam fir stands. 
The r e s u l t s  o f  t he  dosage t e s t  (Table 15) show 
t h a t  whi le l a r v a l  popu la t ion  reduc t i on  and de- 
f o l i a t i o n  were s t a t i s t i c a l l y  s i m i l a r  between 20 
and 40 BIU/ha, cons ider ing  the acceptable l i m -  
i t s  o f  75% popu la t i on  reduc t i on  and 50% de fo l -  
i a t i o n  o f  cu r ren t  yea r t s  growth, t h e  20 BIU/ha 
t reatment was on l y  marg ina l l y  acceptable. Wen 
the  values were adjusted f o r  d i f fe rences  i n  
popu la t ion  d e n s i t i e s  by c a l c u l a t i n g  t he  r a t i o s  
o f  l a r v a l  dens i t y  t o  popu la t ion  reduc t i on  and 76 
d e f o l i a t i o n ,  i t  i s  apparent t h a t  t he  e f f i c a c y  
o f  t he  t reatments increased w i th  dosage appl- 
ied .  This supports t he  recanmendation o f  30 
BIU/ha as be ing  l i k e l y  t o  g i ve  more cons is ten t -  
l y  acceptable r e s u l t s  than 20 BIU/ha. 

Resul ts  o f  t he  t e s t s  on volumes (Table 16) 
i n d i c a t e  t h a t  the  volumes app l ied  between 2.4 
and 9.4 l / h a  had no s i g n i f i c a n t l y  d i f f e r e n t  ef -  
f e c t  on popu la t ion  reduc t  i o n  and d e f o l i a t i o n .  
I n  f ac t  on ly  t he  treatment a t  2.4 l / h a  gave 
l e s s  than 50% d e f o l i a t i o n .  These data support  
t h e  CANUSA recommendation o f  apply ing B.t. i n  
volumes betweem 2.4 and 4.71/ha. 

Table 15. Popu la t ion  reduc t i on  and d e f o l i a t i o n  i n  balsam fir 
stands t r ea ted  w i t h  var ious  doses o f  Thur ic ide 328 i n  9.4 l /ha .  

Popu la t ion  
La rva l  r educ t i on  (76) 

Rat io  
Larva l  La rva l  

Dosage density/45 21 days post-  D e f o l i a t i o n  dens i ty /  dens i ty /  
BIU/ha cm branch a p p l i c a t i o n  (%)  pop. red. % de fo l .  

Check 14 1 d 80 b 14.0 0.18 
10 16 9 cd 69 b 1.8 0.23 
20 12 68 ab . 45 a 1.8 0.27 
40 16 95 a 36 a 1.7 0.44 
80 36 95 a 61 b 0.4 0.59 



Table 16. Populat ion reduc t i on  and d e f o l i a t i o n  i n  balsam fir stands 
t r ea ted  w i t h  var ious  volumes of Thur ic ide  480 a t  30 BIU/ha. 

X popu la t i on  Ra t i o  
La rva l  r educ t i on  La rva l  La rva l  
densi ty /45 21 days post- 0 )  density/pop. density/? 

Volume/ha cm branch a p p l i c a t i o n  D e f o l i a t i o n  reduc t i on  d e f o l i a t i o n  

Check 18 75 a 86 a 0.24 0.21 
2.4 10 68 a 45 b 0.15 0.22 
4.7 17 72 a 59 ab 0.24 0.29 
9.4 16 76 a 56 ab 0.21 0.29 

aThree r e p l i c a t e s  
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