
BIOASSAY OF FORMULATIONS OF BACILLUS THURINGIEN- 

I SIS FOR USE I N  FORESTRY: PANEL DISCUSSION OF THE - 
ROLE OF THE BIOASSAY I N  S NDARDIZING FORMULA- 

1 TIONS OF B. THURINGIENSIS- T? 

H. T. Dulmage (chairman) and C.  C .  Beegle 

Microbiologist  and Research Entomologist,  respec- 
t i v e l y ,  USDA, ARS, In sec t  Pathology Research 
Unit ,  P .  0. Box 1033, Brownsville, TX 78520 

N. R. Dubois 

Microbiologist ,  Center fo r  Bio logica l  Control  of 
NE Forest  In sec t s  and Diseases,  Northeastern 
Forest  Experimental S t a t  ion,  Hamden, CT 06514 

The panel discussed various aspects  of 
Bac i l l u s  t hu r ing iens i s  formulat ions and 
fermentat ions and concluded t h a t  t he  only means 
a t  present  of s tandardiz ing  these  formulat ions o r  
discovering more potent s t r a i n s  of the  Baci l lus  
i s  through c a r e f u l l y  cont ro l led  bioassays.  

In t roduct ion  -- Dulmaee 

The bas ic  problem i n  t he  use of Bac i l l u s  
t hu r ing iens i s  ( 2 . t . )  f o r  t he  con t ro l  of e i t h e r  
t h e  gypsy moth, Lymantria d i s p a r ,  o r  t he  spruce 
budworm, Chor i s toneura  fumif erana,  i s  not  whether 
it can work -- it can, as I th ink  t h a t  we have 
seen from the  papers t h a t  we have heard during 
these  meetings -- but whether it can work 
r e l i a b l y .  And d i f f i c u l t  though it may be t o  
achieve, " r e l i a b i l i t y "  means t h a t  we must assure  
t h e  user  t h a t  t h e  amount of a c t i v i t y  present  i n  a 
B . t .  formulat ion i s  what t he  l abe l  says it i s  -- -- 
each and every time. This means t h a t  t he  
quan t i t y  of delta-endotoxin i n  a formulation 
( i . e . ,  t h e  potency of a  formulat ion) must always 
be t he  same, and t h a t  t he  remainder of the  
formulat ion w i l l  be assembled i n  such a way t h a t  
t he  e f f i cacy  of the  formulation w i l l  repeat  from 
app l i ca t ion  t o  app l i ca t ion .  

Potency and e f f i cacy  depend on each o ther  -- 
how much delta-endotoxin a formulat ion conta ins  
and how e f f e c t i v e l y  a formulation performs a re ,  
and always w i l l  be, interdependent .  I f  we 
r e s t r i c t  ourselves t o  a s p e c i f i c  number of 
Iuts/mg o r  m l  i n  a s e r i e s  of  formulat ions,  t h e  
e f f ec t ivenes s  of the  formulat ions w i l l  then 
depend on t h e  d i f f e r e n t  q u a l i t i e s  of t h e  
formulat ion ingredients  . This concept f requent ly  

L l ~ e v i s e d  and ed i t ed  proceedings of a  
panel d iscuss ion  he ld  i n  conjunction with t h e  
meeting of CANUSA, Windsor Locks, CT, Apri l  12, 
1984. 

g e t s  l o s t  in  our cons idera t ion  of 2.t. ( o r ,  for  
t h a t  mat ter ,  any microbial  i n s e c t i c i d e ) .  Most 
people are ab le  t o  accept the  concept t h a t  
changes in  composition of t he  c a r r i e r s  in  chemi- 
c a l  formulations can make formulations containing 
the  same q u a n t i t i e s  of a c t i v e  chemical ingredi-  
e n t s  ( s ay  a syn the t i c  pyre thro id)  more or  l e s s  
e f f e c t i v e  i n  f i e l d  app l i ca t ions .  In  the  case of  
chemical i n sec t i c ides ,  we r e a l i z e  t h a t ,  t o  def ine  
a formulat ion,  we need t o  know both the  l eve l  of 
a c t i v e  ingredients  and the  recommended applica-  
t i o n  r a t e s  of formulations of chemical i n s e c t i -  
c ides  l i k e  the synthe t ic  pyrethroids.  We accept 
t h i s  and agree t h a t  both a r e  needed on the  l abe l .  
The same appl ies  t o  a 2.t. formulation. Jus t  as  
i n  t he  case of a  chemical i n sec t i c ide ,  we a l s o  
need t o  know both the  l eve l  of ac t ive  ingredients  
( I ~ / m g  or ml) of t he  delta-endotoxins produced by 
B . t . ,  and we need to  know the  recommended appli-  -- 
ca t ion  r a t e s  of t he  2.r. formulat ions.  Here too ,  
both a r e  needed on the  l abe l .  I don ' t  know why, 
but what seems c l e a r  and well  understood and 
accepted i n  t he  case of chemical-based in sec t i -  
c ides ,  i s  not c l e a r ,  understood, or  accepted i n  
t h e  case of 2.t. formulations. I n  the  case of 2. 
thur  ingiens i s ,  i f  formulations produced by two 
companies contain the  same l eve l s  of delta-endo- 
t ox in  as  measured in  bioassays,  but have d i f f e r -  
en t  e f f ec t ivenes s  i n  the  f i e l d  so t h a t  t he  recom- 
mended app l i ca t ion  r a t e s  a r e  d i f f e r e n t ,  then i t  
i s  frequent l y  claimed tha t  the bioassays tha t  
determined t h e  lU1s/mg or m l  of t he  2.t. put i n t o  
the  formulation must be wrong. It i s  then con- 
cluded t h a t  b io log ica l  ma te r i a l s  such as 2.t. 
cannot be standardized.  

This conclusion i s  not new -- i t  arose i n  
t he  e a r l y  days of the  commercial production of 
B.L. Because of i t ,  companies and s c i e n t i s t s  - 
predicated much of t h e i r  work on the  be l i e f  t h a t  
"there is no r e l i a b l e  bioassay of 2.t." As a 
r e s u l t ,  each company producing 2.t. developed i t s  
own method of s tandardiz ing  i t s  product -- 
methods ranging from spore counts,  t o  microscopic 
c r y s t a l  counts,  t o  bioassays against  t h i s  insec t  
spec ies  or  t h a t ,  t o ,  I sometimes used t o  th ink ,  
assess ing  which planet  was i n  which s ign  of the  
zodiac a t  t h e  time the  formulat ion was prepared. 
This was wrong then -- and it i s  wrong now. 
Formulations of B.5. can be standardized,  and 
once the  e f f ec t ivenes s  of a  given composition of 
c a r r i e r s  and 1U's has been determined, formula- 
t i o n s  can be made reproducible by assaying the  
quant i ty  of  delta-endotoxin contained i n  the  
formulation and keeping it constant .  The user  
can r e l y  on t h e  IU's determined i n  a properly 
designed bioassay. The design of the  bioassay -- 
and t h i s  w i l l  be covered i n  d e t a i l  by D r .  Beegle, 
may have t o  be adapted t o  the s i t u a t i o n  -- 
c e r t a i n l y ,  D r .  Beegle and indus t ry  i n  a recent  -- 
and I th ink  outstanding -- cooperat ive study have 
g r e a t l y  improved our bioassay procedures and our 
understanding of these procedures. Thanks t o  
t h e i r  work bioassays of even the  newer flowable 
formulat ions a r e  r e l i a b l e ,  the  I U '  s  expressed on 
the  l abe l  a r e  accura te ,  and the  e f f i cacy  of t h e  
product can be t ru s t ed .  We have suf fered  i n  t he  
pas t  from the  p rac t i ce  of each company designing 
i ts  own bioassays and procedures. This led t o  
confusion (and r e a l l y  t o  chaos) t o  t he  user ,  and, 



as  t h e  user  t r i e d  t o  fol low I U t s  determined i n  
d i f f e r e n t  ways, he  l o s t  f a i t h ,  not  on ly  i n  t h e  
formula t ion  t h a t  he was using,  but i n  2.t. 
i t s e l f .  

"Trust" is  not  meant t o  imply t h a t  any one 
company might i n t e n t i o n a l l y  market an i n f e r i o r  
product ,  d i s g u i s i n g  it with f a u l t y  assays .  But, 
a s  w i l l  be seen ,  improper des ign  of b ioassays  can 
lead  t o  misleading potency de te rmina t ions .  There 
has  t o  be some agreement between producers ,  t h e  
USDA (ARS and FS) , and t he  government r egu l a to ry  
agencies  a s  t o  what we a r e  measuring and how we 
should measure i t .  We must not l e t  t he  competi- 
t i v e  urge lead  us  t o  f o rge t  how important t h e  
s t a nda rd i za t i on  of bioassay procedures between 
producers i s .  This po in t  should be r e i t e r a t e d :  

k u r s t a k i ) .  This  was accomplished i n  1972, when 
HD-1-S-1971 was adopted as  t h e  Primary U.S. 
Reference Standard with an assigned potency of 
18,000 IU//mg ( ~ u l m a g e  1973). Recently,  t he  
supply of HD-1-S-1971 became exhausted,  and a new 
s tandard ,  l abe l ed  HD-1-S-1980, has been prepared 
and assigned a potency of 16,000 1 ~ / m g  a f t e r  
comparison wi th  HD-1-S-1971 and E-61. Today a l l  
p r epa ra t i ons  of 2. t h u r i n g i e n s i s  produced i n  t he  
U.S. f o r  use  aga in s t  l ep idopterous  l a r v a e  a r e  
s tandard ized  aga ins t  e i t h e r  HD-1-S-1980, o r  an 
i n t e r n a l  HD-1 s tandard  which was i n i t i a l l y  
s tandard ized  aga in s t  HD-1-S-1971. 

I n  1980, a  problem emerged i n  t h e  s tandard i -  - - 
za t i on  of l ep idopterous-ac t ive  2. t h u r i n g i e n s i s  
p r epa ra t i ons .  The Brownsville USDA l abo ra to ry  

Let  each company go i t s  own way and put  i t s  own was cont rac ted  by the  U.S. Fores t  Serv ice  t o  bio- 
I U ' S  on i t s  l a b e l s ,  and we a r e  going t o  s o  assay  t h e  t ank  mixes of t h e  f  lowable 2. thur in-  
confuse t h e  u se r  t h a t  h i s  t r u s t  i n  B . t .  w i l l  be g i e n s i s  products ,  Thuricide and Dipe l ,  used i n  
des t royed .  t h e  CANUSA 2. t h u r i n g i e n s i s  Core Tes t s .  The 

potenc ies  determined by Brownsvil le ,  using 
Fo r tuna t e ly ,  t h e  producers  of 2.f. r e a l i z e  

t h i s ,  and i ndus t ry  and t h e  USDA, under t h e  
l e a de r sh ip  of D r .  Beegle, has been explor ing  
improved ways t o  s t anda rd i ze  2.5. t ak ing  i n t o  
account t he  var ious  problems t h a t  have a r i s e n  i n  
t h e  s t a n d a r d i z a t i o n  process ,  and D r .  Beegle w i l l  
now d i s cus s  t he se  problems and what i s  being done 
t o  coord ina te  b ioassays .  

Problems i n  S t anda rd i za t i on  -- Beegle 

Formulations of  2.L. a r e  s tandard ized  i n  
b ioassays  aga in s t  a  s e l e c t e d  t e s t  i n s e c t .  I n  
t h e s e  a s says ,  t h e  t e s t  i n s e c t  i s  exposed t o  d i e t  
conta in ing  v a r i a b l e  l e v e l s  of t h e  2.t. formula- 
t i o n  and, a f t e r  a  s u i t a b l e  period of incuba t ion ,  
t h e  percentage k i l l  f o r  each l eve l  i s  recorded,  
and t h e  LC50 of t h e  formulat ion is  determined. 
The LC50 of t he  t e s t  formulat ion and t he  LC50 
of a  s tandard  r e f e r ence  m a t e r i a l  t e s t e d  a t  t h e  
same time aga in s t  t he  same populat ion of i n s e c t s  
a r e  compared. Since t h e  IU/mg of t h e  s tandard  i s  
known, t h e  potency of t he  formulat ion can be 
determined by t h e  fol lowing formula: 

Potency, IU/mg, t e s t  sample = 

LC50 Standard X Potency Standard,  IU/mg 

LC50 Sample 

I n  1971, r e p r e s e n t a t i v e s  of t h e  t h r e e  
commercial producers of 2. t h u r i n g i e n s i s  i n  t h e  
United S t a t e s  and t h e  USDA met i n  Brownsville, 
Texas, and agreed i n  p r i n c i p l e  t o  a  s tandard ized  
b ioassay  procedure u s ing  l a rvae  of t h e  cabbage 
looper ,  Tr ichoplus  i a  &, t o  s t anda rd i ze  t he  
~ o t e n c i e s  of  t h e i r  r e spec t i ve  products  ( ~ u l m a g e  
e t  a1 . 1971). Because of t he  adopt ion  by 
i ndus t ry  i n  1970 of  a  much more po ten t  s t r a i n  o f  
B. t h u r i n g i e n s i s ,  which was of a  d i f f e r e n t  - 
sero type  than  e a r l i e r  B.t. 's, t h e  P e s t i c i d e  
Regulat ion Div is ion  of t he  U.S. Environmental 
P r o t e c t i o n  Agency requested t h a t  a  s tandard  be 
produced and adopted which was t he  same sero type  
a s  t h a t  being commercially produced (subsp. 

neonate 2. r& l a r v a e  and d i e t  conta in ing  an t i b io -  
t i c ,  were only 40-60% of  the  l a b e l  va lues .  Both 
commercial products  were s tandard ized  us ing  
4-day-old T. ni l a rvae  and d i e t  without an t i b io -  
t i c .  I n  1981, research  was undertaken by t h e  
USDA and t h e  Upjohn Co. t o  determine t h e  reason 
f o r  t h e  d i f f e r e n c e .  I n  t he se  s t u d i e s  two prepa- 
r a t  ions of 2.t. from the  Upjohn Co. (sOK W and 
SOK L)  and two formulat ions from Abbot t Labora- 
t o r i e s  ( ~ i ~ e l  wP) were t e s t e d .  The r e s u l t s  a r e  
shown i n  Table 1. I n  t h e  case  of t h e  SOK wet- 
t a b l e  powder (w) and l i q u i d  (L ) ,  it is c l e a r  t h a t  
t h e  use of  4-day-old l a rvae  i n  t he  b ioassay  
r e s u l t s  i n  h igher  determined potenc ies  than when 
neonate l a rvae  a r e  used. I n  t he  case  of t h e  
Dipel  wet tab le  powders (WP), one of them ( 0 4 5 2 ~ ~ )  
was l a r v a l  age s e n s i t i v e  and t h e  o the r  (F-1980) 
was no t .  I n  my experience t h a t  i s  t y p i c a l  of 
Dipel  products  -- some a r e  l a r v a l  age s e n s i t i v e  
and o the r s  a r e  no t .  

I n  add i t i on ,  the  USDA and t he  Fores t  Serv ice  
s e t  up a  b l i nd  t e s t  where d i f f e r i n g  amounts of  
v i a b l e  HD-1-S-1980 were added t o  Sandoz and 
Abbott flowable c a r r i e r s .  These samples, a long  
with flowable Dipel  and Thur ic ide  samples were 
coded and s en t  ou t  f o r  assay  t o  t h e  USDA labora-  
t o r i e s  i n  Brownsvil le ,  Texas, and Columbia, 
Missour i ,  and t o  Abbott and Sandoz. The r e s u l t s  
of t he se  assays a r e  presented i n  Table 2. Except 
f o r  two va lue s  (2870 f o r  Thur ic ide ,  and 16,100 
f o r  Dipe l ,  t h e  r e s u l t s  i n  Table 2 f o r  t he  commer- 
c i a l  f lowables s u b s t a n t i a t e s  t h e  r e s u l t s  observed 
i n  Table 1 concerning t h e  commercial flowables: 
t h e  use  of  4-day-old l a rvae  i n  t h e  b ioassay  
r e s u l t e d  i n  s i g n i f i c a n t l y  h igher  po tenc ies  than 
when neonate l a r v a e  a r e  used.  It was shown by 
Beegle e t  a l .  (1981) t h a t  1-day-old x. ni l a rvae  
respond t h e  same as  neonate l a r v a e  i n  2. t hu r in -  
g i e n s i s  b ioassays .  It is noteworthy t h a t  l a r v a l  
age d i d  not  s i g n i f i c a n t l y  a f f e c t  t h e  po tenc ies  of 
t h e  samples where HD-1-S-1980 was incorporated 
i n t o  t h e  commercial flowable c a r r i e r s .  This 
i n d i c a t e s  t h a t  t he  observed larval-age-difference 
e f f e c t  on determined potenc ies  i s  due t o  d i f f e r -  
ences i n  t he  b a c t e r i a  r a t h e r  than i n  t he  formula- 
t ion.  I n  f a c t ,  Yamamoto ( p e t s .  comm. ) has  
caut ioned t h a t  anyone who uses the  HD-1 i s o l a t e  



Table 1. E f f e c t  of Larva l  Age and A n t i b i o t i c  on Potency ~ e t e r m i n a t i o n s  of Commercial ~ a c i l l k  
t h u r i n g i e n s i s  Products  .a/ 

Tr ichoplus  i a  Ant i- USDA Brownsville Up john 
n i  b i o t i c  No. X IU/mg X CV of No. X 1 ~ / m g  % CV of 

Prepara t  ion ~ a r v x  Age i n  D ie t ?  Assay o r  l ~ 1 0 3 / m l  + SD Assays Assays o r  lx103/ml 2 SD Assays 

SOK W 747 JF neonate Yes 3 13,600 2 814 6 5 11,600 21910 16 
SOK W 747 JF neonate no 3 15,400 21510 10 6 13,400 f2040 15 
SOKW747JF  4-day-old yes 3 27,700 25300 19 - 
SOK W 747 JF 4-day-old no 4 30,100 25370 18 7 36,300 ~ 6 9 3 0  19 

SOK L 645 JB neonate Yes 6 3,640 2 692 19 8 2,950 2 514 17 
SOK L 645 J B  neonate no 3 3,640 2 369 10 4 3,700 2 534 14 
SOK L 645 JB 4-day-old yes 3 6,310 936 15 - 
SOK L 645 J B  4-day-old no 5 7,850 21310 17 6 9,420 +I260 13 

Dipel  WP 04523BJ neonate Yes - 9 12,300 ~ 1 6 7 0  14 
Dipel  WP 04523BJ neonate no - 2 12,100 5 3 1 0  11 
Dipel  WP 04523BJ 4-day-old no - 3 24,300 21580 6 

Dipel  WP F-1980 neonate Yes 3 14,800 ~ 2 2 8 0  15 - 
Dipel  WP F-1980 neonate no 4 16,300 2 594 4 - 
Dipel  WP F-1980 4-day-old yes 3 12,000 22490 20 - 
Dipel  WP F-1980 4-day-old no 4 11,500 2 6 7 5  6 - 

4 Taken from Beegle e t  a1 . ( i n  p r e s s ) .  

Table 2. Resu l t s  of Blind USDA-Industry Bioassay ~ e s t  .a1 

I U  /mg 
No. Range 01-S 02-S 0 3 04-A 0 5 06-A 

Labor a t  o ry  Larva l  Age Assays of CVs 1980 1980 Thuricide 1980 Dipel 1980 

USDA-Brownsville neonate 18-20 15-18 1700 2610 1290 4170 5630 5620 
USDA-Columbia 1 -day-old 3- 4 - 1660 2010 1380 4210 16,100 6620 
Sandoz 4-day-old - 9- 19 1960 2760 3970 3310 8110 4520 
Abbot t neonate 6-14 5- 15 2340 2870 2870 3180 3720 3480 
Boyce Thompson - - - 1720 2570 3430 3810 8800 5800 

Calculated 

a/ Lewis, F.B., Report on Blind Sample Bioassays,  USDA-Forest Serv ice ,  New Hamden, CT, 1982. 

t o  s tudy t h e  gene t i c s  or  chemistry of B. t hu r in -  b. Diluent  - deionized  or  d i s t i l l e d  water .  
g i e n s i s  should keep i n  mind t h a t  t h e r e  a r e  c .  Sample homogenization - son i ca t e  i n  ba th  
d i f f e r e n c e s  i n  t h e  plasmid and P-1 HPLC p a t t e r n s  son i ca to r  f o r  5 min. a t  son i ca to r  loading 
among c u l t u r e s  l abe l ed  a s  HD-1. o f  3 m l  ( conta iner  s i z e ) / w a t t .  

d .  Number of d i l u t i o n s  - enough fo r  a  
Because of t he  d i scovery  t h a t  t h e  use of a  minimun of f i v e  on-curve dosage m o r t a l i t y  

s tandard  does not  c o r r e c t  f o r  d i f f e r e n c e s  i n  p o i n t s ,  a t  l e a s t  two above and two below 
assay  procedures i n  a l l  cases ,  t he  USDA and the  LC50 
U.S. producers  and/or  marketers  of  2. thur ing ien-  e .  Type of d i l u t i o n s  - 3:4 (75%).  
s i s  products  he ld  a  meeting i n  1982 and decided - f  . Diet  i nco rpo ra t i on  - 1: 10 wi th  55" c d i e t ,  
t h a t  we needed a new s tandard ized  lep idopterous  mix fo r  2 min. 

.. A, B. t h u r i n g i e n s i s  b ioassay  t h a t  everybody would g.  Number of i n sec t s / dose  - minimum 25. 
"+ fol low. The fol lowing summarizes t h e  dec i s i ons  h .  Age of l a r v a e  - 4-days-old a t  30°C. 

reached a t  t h a t  meeting: i. Holding ( i n f e s t i n g )  dens i t y  - mul t i p ly  or  
s  i ng ly  . 

1. Rearing j .  Holding time and tempera ture-  4 days a t  
3 0 " ~ .  

Or ig in  of 2. ni colony, r e a r i n g  d i e t ,  r e a r i n g  
cond i t i ons ,  and r e a r i n g  techniques  and 3 .  Potency Determinat ions 
procedures w i l l  not be s tandard ized .  

a .  Each p r epa ra t i on  must be bioassayed a t  
2. Bioassay l e a s t  t h r ee  times over a t  l e a s t  two days 

( t h r e e  days p r e f e r a b l e ) .  
a .  Diet  - Brownsvil le  d i e t  without 

a n t i b i o t i c s  o r  KOH. 
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b. A mean potency va lue  fo r  a  p repara t ion  
should c o n s i s t  of  a t  l e a s t  t h r e e  potency 
va lue s  from v a l i d  assays  whose group 
c o e f f i c i e n t  of  v a r i a t i o n  i s  l e s s  than  
20%. 

c .  Valid assays  a r e  def ined  as  those  with a  
minimum of f i v e  on-curve po in t s ,  with a t  
l e a s t  two above and two below the  
LC50: s i g n i f i c a n t  r eg r e s s ions ,  
significant F va lue s ,  and 95% confidence 
va lue s  of l e s s  than a 3X range.  Assays 
with a t y p i c a l  s l opes ,  s i g n i f i c a n t l y  high 
x2s, e r r a t i c  po in t s ,  o r  95% confidence 
va lue  ranges g r e a t e r  2X, but less than  
3 X ,  should be d i sc r imina ted  aga ins t  i f  
necessary ,  but not  be considered i nva l i d .  

Table 3 i s  presented t o  e s t a b l i s h  t he  
v a l i d i t y  of t h e  determined potency of  16,000 
IU/mg fo r  t he  new U .  S. B. t h u r i n g i e n s i s  HD-1 
s tandard .  , E-61, which had an assigned potency o f  
1,000 1 ~ / m g ;  ~ ~ - 1 - s ~ l 9 7 1 ,  which had an assigned 
potency of  18,000 1U/mg; and HD-1-S-1980 were 
concur ren t ly  bioassayed by four  companies and 
USDA-Brownsville. On t h e  b a s i s  of over  200 
b ioassays ,  it was determined t h a t  HD-1-S-1980 had 
a potency of  16,000 1 ~ / m g .  We have known f o r  
ye a r s  t h a t  HD-1-S-197 1 was not  homologous with 
"normal" HD-1's i n  i t s  a c t i v i t y  towards l a rvae  of  
He l i o th i s  v i r e scen s .  S ince  HD-1-S-1971 is  a 
l i t t l e  over  twice  a s  a c t i v e  toward H. v i r e scens  
l a r v a e  than most HD-1 p r epa ra t i ons ,  t h e  T n / ~ v  
r a t i o  ( t h e  r a t i o  w i l l  be d i scussed  i n  t h e  next  
s e c t i o n ,  bu t  r ep r e sen t s  t h e  comparison of 
po tenc ies  determined aga in s t  2. ni and t hose  
determined aga in s t  H. v i r e scens )  of  most HD-1 
p r e pa ra t i ons  i s  a  l i t t l e  over  2. HD-1-S-1980 
appears  t o  be homologous i n  t h i s  r e spec t  t o  most 
HD-1 p r epa ra t i ons ,  a s  t h e  mean Tn/Hv r a t i o  of  87 
HD-1 p r epa ra t i ons  assayed aga ins t  t h i s  s tandard  
a t  Brownsville was 1.04. 

I Re produc ib i l i t y  and t h e  A c t i v i t y  Ra t i o  -- Dulmage 

One of  t h e  most important and f a s c i n a t i n g  
a spe c t s  of t h e  del ta-endotoxins produced by B. 
t hu r ing i ens  i s  i s  t h a t  d i f f e r e n t  subspec ies  -- 
and, indeed, i s o l a t e s  -- of t h i s  Bac i l l u s  
s p e c i e s ,  k i l l  d i f f e r e n t  i n s e c t s  o r  d i f f e r  i n  
t h e i r  r e l a t i v e  a c t i v i t i e s  aga in s t  them. D r .  
Beegle has  d i scussed  t he  r e l a t i v e  d i f f e r e n c e s  
found between d i f f e r e n t  i s o l a t e s  of subsp. 
k u r s t a k i  i n  t h e i r  a c t i v i t i e s  aga in s t  2. fi and 2. 
v i r e scens .  This  can lead  t o  two l e g i t i m a t e  con- 
cerns :  (1)  W i l l  t h e  same endotoxin be produced 
i n  repea t  fe rmenta t ions ,  o r  w i l l  t h e  type  of 
endotoxin vary?  (2)  Can we use  one i n s e c t  
spe c i e s  i n  our b ioassays  -- and does t h a t  have t o  
be t h e  t a r g e t  i n s e c t ?  A l l  t h i s ,  of  course ,  l e ads  
t o  t h e  l a b e l  and what in f luence  a l l  t h i s  has on 
what i s  put on t h e  l a b e l .  

These a r e  important ques t ions  and pose 
s e r i o u s  problems. Table 4 i l l u s t r a t e s  t h e  d i f -  
fe rences  between subspecies  and i s o l a t e s .  The 
t a b l e  shows t h e  s p e c t r a  of i n s e c t i c i d a l  a c t i v i t y  
of a  s e r i e s  of d i f f e r e n t  B.t-.Is produced by 
subsp. a l e s t i ,  k u r s t a k i  ( k - l ) ,  k u r s t a k i  (k-731, 

Table 3. S tandard iza t ion  of HD-1-S-1980. 

No. 
Sample Standard I U S D  CV Assays 

Abbott Labora tor ies  

Biochem Products  

Sandoz, Inc .  

Up john Co. 

USDA Brownsville 

A l l  Sources Combined: Nonweinhted 

A1 1 Sources Combined : weight e&/ 

a/ Sandoz i n t e r n a l  s tandard . 
b' Weighted as  t o  number of assays .  



g a l l e r i a e ,  and aizawai.  As the  t a b l e  shows, 
t he re  i s  a  wide d i f f e r ence  between them i n  t h e i r  
a c t i v i t i e s  towards lep idoptera  and i n  t h e i r  
r e l a t i v e  a c t i v i t i e s  aga ins t  d i f f e r e n t  i n sec t  
spec ies  when they a r e  a c t i v e  agains t  them. (One 
v a r i e t y ,  not  included i n  t h i s  t a b l e ,  i s  not even 
a c t i v e  agains t  lepidopterous i n s e c t s ,  although i t  
i s  extremely a c t i v e  agains t  mosquitoes and 
aquat ic  black f l i e s .  ) With t h i s  p r o l i f e r a t  ion of 
d i f f e r e n t  spec t r a ,  t h e  problem of s t anda rd i za t ion  
seems almost insurmountable. Indus t ry ,  D r .  
Beegle, and myself a l l  agree on the  d e s i r a b i l i t y  
of using T. ni as t he  assay in sec t  of choice for  
t h e  present  commercial delta-endotoxins a c t i v e  
aga ins t  lepidopterous i n sec t s .  Yet, as t he  t a b l e  
shows, t he  exis tence  of del ta-endotoxins with 
d i f f e r e n t  spec t r a  of i n s e c t i c i d a l  ac t  i v i t  i e s  
makes it p e r f e c t l y  poss ib le  t h a t  t h e  potency of 
del ta-endotoxins produced bj. two i s o l a t e s  of 2.t. 
may be t h e  same when measured aga ins t  T. 5 but 
may d i f f e r  considerably when evaluated agains t  k. 
d i spa r .  However, i f  t h e  same type endotoxin i s  
produced i n  r e p l i c a t e  fermentat ions of each of 
t he se  i s o l a t e s - o f  2. t hu r ing iens i s ,  then our 
problem merely p a r a l l e l s  the  case with d i f f e r e n t  
formulat ions of chemical i n s e c t i c i d e s  , where the  
same q u a n t i t i e s  of a  chemical i n  d i f f e r e n t  
formulat ions may d i f f e r  widely i n  t h e i r  e f f ec -  
t i venes s  i n  cont ro l  of a  t a r g e t  i n sec t .  I n  t he  
case of  t he  chemicals, t he  d i f f e r ences  a r i s e  from 
d i f f e r ences  i n  t h e i r  formulation. Microbial  for-  
mulations may vary f o r  t h i s  reason too ,  but with 
microbia ls ,  t he  d i f f e r ences  may a l so  r e f l e c t  
d i f f e r ences  i n  t he  chemical s t r u c t u r e  of t h e  
delta-endotoxins produced by d i f f e r e n t  i s o l a t e s ,  
i . e . ,  t h e  bas i c  a c t i v i t y  of t h e  endotoxin. With 
our present  knowledge, we do not know what these  
d i f f e r ences  a r e  -- remember, we cannot weigh o r  
i d e n t i f y  i n  a q u a n t i t a t i v e  chemical assay the  
delta-endotoxins t h a t  we a r e  producing -- we only 
measure t h e i r  a c t i v i t i e s  : i . e . ,  what i n sec t s  
they  k i l l  and how well  they k i l l  them. 

Table 4. Spectra of A c t i v i t i e s  of Selected 
Subspecies of Bac i l l u s  t hu r ing iens i s .  

Potency - IUImg 
Measured vs . : 

Culture C r y s t a l L  H. H. - B. 
No. Variety Type ni &. cunea mori 

HD-1 k u r s t a k i  k-l 39800 15400 47200 50500 
HD-73 ku r s t ak i  k-73 23100 34500 12800 Inac t  
HD-263 ku r s t ak i  k-l 39600 54600 18100 18400 
HD-70 a l e s t i  a l e  Inac t  Inac t  47900 34000 
HD-160 g a l l e r i a e  5920 894 23800 4100 
HD-275 aizawai 8110 969 19500 44400 

To i l l u s t r a t e  t h e  problem, l e t  us c r e a t e  a 
h v ~ o t h e t i c a l  case of two formulat ions of B . t . .  . 
each containing,  say ,  10,000 IUImg of actTvTty as 
measured agains t  T. n i .  However, one i s  s eve ra l  
t imes more a c t i v e  aga ins t  &. d i spa r  than  the  
o the r .  How do we s tandardize  formulat ions of 
each f o r  use agains t  t h i s  i n sec t ?  Must we 
measure each and every formulation only agains t  

every t a rge t  i n sec t  t ha t  we des i r e  t o  k i l l ?  Such 
a path w i l l  lead t o  chaos and confusion -- and 
very l i k e l y  t o  the need of a m u l t i p l i c i t y  of 
l a b e l s  fo r  each B.L. formulation. For tunate ly ,  
t he re  seems t o  be an a l t e r n a t i v e .  

Potencies of formulat ions of B.L. de l t a -  
endotoxins a r e  determined r e l a t i v e  t o  a se lec ted  
reference  standard,  a s  D r .  Beegle has discussed.  
I f  t he  formulation being t e s t ed  conta ins  t he  
i d e n t i c a l  endotoxin t o  t he  standard,  then it w i l l  
not  matter  which insec t  species i s  used in  t he  
bioassay.  However, i f  t h e  t e s t  endotoxin and the  
standard endotoxin a r e  not homologous -- i . e . ,  i f  
they d i f f e r  i n  t h e i r  spec t r a  of a c t i v i t y  -- then 
the  choice of insec t  w i l l  have a profound in£ lu- 
ence on t h e  IU's determined. For example, a  
formulat ion of subsp. a l e s t i  would be considered 
inac t ive  i f  bioassayed aga ins t  x. s, but would 
be considered very ac t ive  i f  assayed agains t  the  
webworm, Hyphantria cunea. In a l e s s  extreme 
example, a  formulation of subsp. k u r s t a k i  (k-73) 
might have a potency of  20,000 IUImg i f  measured 
aga ins t  2. & but have a potency of 40,000 1 ~ / m g  
i f  measured agains t  H. virescens .  By construc- 
t i n g  a f r ac t ion  from these  da t a ,  we can der ive  an 
"Activi ty Ratio." An a c t i v i t y  r a t i o  of a  formu- 
l a t i o n  is simply a straight-forward comparison of 
t he  a c t i v i t y  ( i n  IU's) aga ins t  two d i f f e r e n t  
i n sec t  spec ies .  Thus in  our example he re ,  the  
~ n / H v  a c t i v i t y  r a t i o  i s  simply determined by 
d iv id ing  the  a c t i v i t y  determined agains t  T. ni by 
the  a c t i v i t y  found aga ins t  H. virescens ,  as  shown 
i n  t he  following equation: 

20,000 1 ~ / m g  
~ n / H v  Ac t iv i ty  Rat io  = = 0.500 

40,000 IUImg 

The r a t i o  w i l l ,  of course,  vary with t h e  
endotoxin being t e s t ed  and with t he  insec t  
spec ies  being used. The value of t he  r a t i o  t hus  
becomes an accurate mathematical d e f i n i t i o n  of a  
por t ion  of t he  spectrum of a c t i v i t y  of a  
delta-endotoxin. 

Encouragingly, our da t a  so f a r  leads t o  the 
conclusion t h a t ,  while t he  spec t ra  of a c t i v i t y  of 
t he  delta-endotoxins produced by d i f f e r e n t  iso- 
l a t e s  may d i f f e r  widely, t he  spec t r a  of a c t i v i t y  
of the delta-endotoxins produced under d i f f e r e n t  
fermentat ion condit ions by a s ing l e  i s o l a t e  of 
B. t . a re  reproducible.  This i s  shown for  four -- 
formulat ions i n  Table 5. I f  t h i s  i s  t r u e  -- and 
we be l ieve  t h a t  it is -- then,  i f  we know the  
r e l a t i v e  a c t i v i t i e s  of an endotoxin aga ins t  2. ni 
and the  gypsy moth, we can assay agains t  the  
cabbage looper and r e l i a b l y  predic t  t he  potency 
of the  endotoxin agains t  the  gypsy moth. Once we 
a r e  s a t i s f i e d  t h a t  t h i s  i s  so,  then the  "ac t ive  
ingredients" o f 4 . t .  on a l abe l  of a  f o r e s t r y  
formulat ion can be s a f e l y  l i s t e d  a s  IU/mg vs .  T. 
n i  and represent  how much B. t . was put i n to  the  - 
formulat ion,  and the  e f f i cacy  of t h e  formulat ion 
can be expressed i n  p in t s  o r  poundslacre. 
Ac t iv i ty  and e f f i cacy  a r e  being presented on t h e  
l a b e l  i n  t he  same way as  a chemical -- and, once 
we have got ten  used t o  t h i s ,  i t  should be no more 
of a  connnunication than with chemicals. 



Table 5 .  Rep roduc ib i l i t y  of A c t i v i t y  Rat ios .  v i r e s cens .  S i m ~ l v .  t he  k-73 endotoxin was more 

Cul ture  Number of Avg. T n / ~ v  Coe f f i c i en t  of 
No. Formulations Rat io  Var i a t  ion  

HD- 1 6 0 2.14 0.25 
HD-241 26 0.63 0.24 
HD-244 2 6 1.54 0.23 
HD-263 136 0.44 0.29 

. .- 
a c t i v e  aga in s t  g .  v i r e scens  than was t he  fi 
t ox in .  The ~ a r a l l e l  t o  L. d i s ~ a r  was - -  
i n t e r e s t i n g .  When we examined t he  more po ten t  
i s o l a t e s  of 2. t h u r i n  i e n s i s ,  we found t h a t  t he se  
formulat ions ha-s of about 2.0, 
belonged t o  subsp. k u r s t a k i ,  and contained t he  
k-1 c r y s t a l s .  I n t e r e s t i n g l y ,  those  i s o l a t e s  of - 
subsp. k u r s t a k i  t h a t  produced k-73-type c r y s t a l s  
were no t  a s  a c t i v e  v s .  &. d i s p a r .  Tnese 
g e n e r a l i t i e s  should not be taken t o  mean t h a t  

Thus it is my view t h a t  an assay  i n s e c t  does 
no t  need t o  be t h e  t a r g e t  i n s e c t ,  but need only  
be a  convenient ,  easy-to-rear-and-use i n s e c t  
which i s  s u s c e ~ t i b l e  t o  t h e  del ta-endotoxin i n  

i s o l a t e s  of a  g iven  subspec ies  w i l l  have t h e  same 
potency. Some formulat ions w i l l  be very a c t i v e ,  
some w i l l  have l i t t l e  o r  no a c t i v i t y ,  and t h e  
a c t i v i t i e s  of o t h e r s  w i l l  l i e  somewhere i n  
between. 

t h e  product .  The cabbage looper  seems t o  f i t  
t h e s e  c h a r a c t e r i s t i c s .  However, i t  may very  we l l  
happen t h a t  someone w i l l  d i scover  a  n e w g . t .  t h a t  
i s  very  e f f e c t i v e  aga in s t  &. d i s p a r  t h a t  may not  
be a c t i v e  enough aga in s t  x. ni f o r  t h i s  i n s e c t  t o  

- - 

s e r v e  a s  an assay  t o o l .  I n  such a c a se ,  of 
course ,  another  i n sec t  spec ies  may be needed. 
However, a t  p resen t  no such 2.t. i s  known, and 2. 
n i  should be s a t i s f a c t o r y  fo r  t he se  assays .  The - 
l e b e l  should then  read  i n  I U ' s  a s  determined 
a ga in s t  t h i s  i n s e c t .  The d i f f e r e n c e s  i n  e f f i c a c y  
t h a t  may occur should be shown i n  t he  recommended 
a p p l i c a t i o n  r a t e s ,  not  as  d i f f e r e n t  1U's. It has 
been suggested t h a t  one could inc lude  on t h e  
l a b e l  a  ~ n / ~ d  A c t i v i t y  Rat io  a s  a  pa r en the t i c a l  
a dd i t i on .  However, t h i s  may be confusing and of  
l i t t l e  va lue  t o  t he  user .  Thus it is our b e l i e f  
t h a t  t h e  b ioassay  aga in s t  T. & should remain t h e  
key fo r  s t anda rd i z ing  2.5. i n  f o r e s t r y  
formula t ions .  

Miscel laneous Aspects of Eva lua t ing  New I s o l a t e s  
o f  B . t .  -- Dubois - - 

I n  a  paper t h a t  I presen ted  e a r l i e r  i n  t h i s  
meeting,  I d iscussed  some of  our  r e s ea r ch  seeking  
new i s o l a t e s  of B.L. with increased a c t i v i t y  over 
HD-1 a ga in s t  4. d i s p a r .  Drs. Dulmage and Beegle 
have j u s t  d i scussed  t h e i r  work with b ioassays  and 
a c t i v i t y  r a t i o s ,  p a r t i c u l a r l y  a s  they  r e l a t e  t o  
T. ni and 5. v i r e scens .  I n  t h i s  por t  ion  of our - 
panel  program, I would l i k e  t o  d i s cus s  how some 
of t h e i r  observa t ions  r e l a t e  t o  our experience 
wi th  &. d i s p a r .  

T n / ~ v  Ra t i o s  

A few years  ago, our FS l a b o r a t o r i e s  a t  
Hamden, CT, joined i n  an  I n t e r n a t  i o n a l  Screening 
Program t o  survey t he  s p e c t r a  of i n s e c t i c i d a l  
a c t i v i t i e s  of  about 350 i s o l a t e s  of  2. t hu r in -  
g i e n s i s .  The r e s u l t s  of t h i s  survey were very 
complex and w i l l  no t  be d i scussed  h e r e  ( f o r  more 
d e t a i l s ,  see  Dulmage e t  a l .  1981). One of t he  
observa t ions  t h a t  was r epo r t ed  was t h a t  t h e  T ~ / H V  
a c t i v i t y  r a t i o s  of formula t ions  der ived  from 
i s o l a t e s  of subsp. k u r s t a k i  and which contained 
t h e  3 - t y p e  c r y s t a l  were about 2.0. Formula- 
t i o n s  of  t h i s  subspec ies  which contained t h e  
k-73-type had T n / ~ v  r a t i o s  of about 0.40. The - 
d i f f e r e n c e  i n  t h e  two types  seemed t o  l i e  i n  t h e  
a c t i v i t y  of k-73 formula t ions  aga ins t  H. 

Reproducib i l i ty  of the  Response of &. d i s p a r  t o  
B . t .  -- 

The primary need fo r  an accura te  2.t. 
bioassay  i s ,  of  course ,  a  supply of uniform, 
hea l t hy ,  b ioassay  i n s e c t s .  Even with such an 
i n s e c t ,  however, t h e  assay  w i l l  not  be r e l i a b l e  
i f  t he  response of t he  i n sec t  t o  B.L. formulat ion 
changes according t o  t h e  source of t h e  i n s e c t .  
To see i f  t h i s  were a  s e r i ous  problem i n  assays 
wi th  &. d i s p a r ,  we have compared t h e  response of 
a  s e r i e s  of sources of k. d i spa r  t o  t he  two 
s tandard  B.t.  fo rmula t ions ,  HD-1-S-1971 and 
~~-1-~-1930:  The c u l t u r e s  of &. d i s p a r  s tud ied  
were d ive r s e  and included t h e  New J e r s e y  s t r a i n s  
i n  our l abo ra to ry  and the  F18 through F24 
genera t ions  of our  l abo ra to ry  colony. The 
responses of &. d i s  a r  t o  t he se  s tandards  were P_ eva lua ted  by t h e  LC50 s determined fo r  t h e  
s tandard  aga in s t  t h e  var ious  i n sec t  c u l t u r e s .  
The r e s u l t s  of t he se  assays a r e  summarized i n  
Table 6. The responses were very  uniform, and 
what v a r i a t i o n s  were observed seemed t o  be due t o  
t h e  d i e t ,  not  t o  any change i n  t h e  response of 
t h e  i n s e c t s .  I t h i n k  t h a t  we have reasonable 
assurance  t h a t  t h e  source of t h e  L. d i s p a r  does 
not  a f f e c t  t he  response t o  1.L. i n  our 
b ioassays .  

These t e s t s  were a l l  run with labora tory-  
r e a r ed  i n s e c t s .  They leave  open a very important 
ques t ion  -- How do the  responses of l abo ra to ry  
i n s e c t s  compare with wild i n s e c t s ?  -- i. e .  , do we 
need t o  maintain a  l abo ra to ry  colony genera t ion  
a f t e r  genera t ion ,  o r  could we c o l l e c t  wild egg 
masses i n  the  f i e l d  each year  and use t he se  fo r  
our  b ioassays?  The s tudy  is not  ye t  completed, 
but  we have examined t he  responses of i n s e c t s  
r e a r ed  from egg masses of  wild sources  of  C. 
d i s p a r  c o l l e c t e d  i n  Connect icut ,  New Hampshire, 
New York, Massachuset ts ,  and Pennsylvania. We 
found some minor d i f f e r ences  i n  t he  responses of 
t h e  d i f f e r e n t  i n s e c t  s t r a i n s  (which might very  
wel l  have been due t o  d i e t  aga in ) ,  but o v e r a l l ,  
t h e  L C 5 0 ' ~  determined fo r  t h e  s tandard  formula- 
t i o n s  d i d  not  vary  much with i n s e c t s  of d i f f e r e n t  
o r i g i n .  This  is not t o  say t h a t  wild i n s e c t s  a r e  
t h e  i n s e c t  of  choice  -- one must cons ider  t h e  
r i s k  of r e s u l t s  being d i s t o r t e d  by t h e  presence 
of  unrecognized d i s e a s e  i n  t h e  wild c u l t u r e .  



Table 6. Slopes and LC50 of the  Bac i l l u s  t hu r ing iens i s  Standards, HD-1-S-1971 and HD-1-S-1980, 
Bioassayed Against t he  New Je r sey  F18 t o  F24 Generations of Lymantria d i spa r  L. 
Continuously Reared on A r t  i f  i c  i a l  Die t .  

No. of  LC50 
Ferment a t  ion Bioassays Slope C.V. ( ~ g / m l )  C.V. 

HD-1-S-1971 (18,000 IU/mg) 

F18 (1979-1980) 4 4.25 0.16 7.82- 0.09 a /  

Fig (1980) 4 4.54 0.20 5.83ab 0.27 
F21 (1980) 2 8 4.72 0.20 5.70ab 0.09 
F22 (1981) 5 4.86 0.27 7.38ab 0.38 

HD-1-S-1980 (16,000 ~U/mg) 

F22 (1981) 24 4.62 0.21 5.33ab 0.33 
F23 (1982) 2 9 4.87 0.21 5.01ab 0.25 
F24 (1983) 13 5.09 0.16 5.24ab 0.25 

4 Numbers followed by the  same l e t t e r  a r e  not s i g n i f i c a n t l y  d i f f e r e n t  from each o ther  a t  the  5% l eve l  
( ~ c h e f f e ' s  method f o r  a l l  poss ib le  c o n t r a s t s ) .  

Table 7. LC50 of Bioassays of Several  Sources of F1 Generations of I n s t a r  11 Lymantria d i spa r  L .  
fed on Fresh and on Old Die t .  

LC50 (vg/ml of d i e t )  on Dates: 

Larvel  Source Diet 219 3/13 3/14 3/24 3/28 3/31 

New Je r sey  f r e sh  6.9 5.9 5.0 6.8 
F2 6 o l d  17.8 13.0 
Cockaponset, CT f r e sh  12.4 - -- - -- 8.3 

I? 1 o ld  13.6 21.6 
S t o r r s ,  CT f r e sh  7.9 7.9 6.9 --- 
I? 1 old 15.3 27.3 
New Hampshire f r e sh  8.4 6.3 6.4 --- 
F1 old  13.1 16.0 
Mashpee, MA f r e sh  8.3 6.9 7.4 --- 
F1 old  15.7 20.6 
Pennsylvania f r e sh  10.6 6.7 7.9 
F1 o ld  9.2 34.6 

Inf luence  of Diet  on the  LC50 Influence of Formulation on the  Bioassay 

The composition of t h e  d i e t  can a f f e c t  t he  E a r l i e r ,  D r .  Beegle described some of t h e  
observed LC501s of 2.r. formulations. This problems tha t  they encountered with bioassays of 
was discovered e a r l y  i n  our  program. We began flowable formulat ions and t h e  influence of i n sec t  
then,  and s t i l l  do today, t o  buy a premixed age and the  presence or  absence of a n t i b i o t i c  i n  
i n sec t  d i e t  from a s i n g l e  supp l i e r .  Over a long the  d i e t .  We have had s imi l a r  problems. During 
period of time, we amassed considerable experi- t he  f i e l d  work l a s t  year i n  Maine, we used drums 
ence i n  jus t  where t he  LC50's of our standard of Thuricide 32LV and SAN 415 32LV. We sent  
formulat ions and t e s t  samples would be. We samples t o  Donald Hos t e t t e r  i n  Columbia, Missouri, 
r ecen t ly  received a new shipment of d i e t  t h a t  was f o r  him t o  assay by h i s  sur face  contamination 
mistakenly contaminated with a n t i b i o t i c s .  When technique agains t  2. ni ( d i f f e r e n t  from the usual  
we attempted t o  use t h i s  d i e t ,  we found t h a t  t he  - T. ni assays) ,  while we assayed dupl ica te  samples 
LC501s of both the  standard and the  t e s t  samples agains t  &. d i spa r .  The assays obtained were very 
were very  high -- it appeared t h a t  our ma te r i a l s  s imi l a r  t o  each o ther  and t o  t he  r e s u l t s  obtained 
had l o s t  a c t i v i t y .  When we used an t ib io t i c - f r ee  t he  previous year a t  Brownsville aga ins t  2. &. 
d i e t  t h a t  had been s to red  frozen f o r  18  months, 
t he  LC501 s were again very high,  i nd i ca t ing  a This led  us t o  be l ieve  t h a t  t he  causa t ive  
l o s s  of a c t i v i t y  of t h e  5. t hu r ing iens i s  mechanism for  the  d iscrepancies  observed in  the  
prepara t ions ,  an increased r e s i s t ance  of the  bioassays aga ins t  4. d i spa r  was t he  changes i n  
i n s e c t ,  o r  an incompatabil i ty t o  t h e  d i e t .  t he  d i e t  and l a r v a l  age i n  the  various assays.  
Meanwhile, we received a new batch of d i e t ,  and However, t he  composition o r  s t r u c t u r e  of t he  
t he  r e s u l t s  of our assays dropped, r e tu rn ing  t o  delta-endotoxins in  t he  various B.fL. i s o l a t e s  may 
the  "normal" range   able 7 ) .  Thus the  cause of a l s o  play a r o l e .  This observation may be 
t h e  e r r a t i c  LC50's lay ,  not  i n  the  i n sec t ,  re inforced  by the  assay r e s u l t s  obtained with two 
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experimental  flowable concent r a t e s  prepared by 
Sandoz f o r  a  comparative s tudy  of  HD-1 and NRD-12 
(HD-945). When t h e  concen t r a t e s  of t h e  two 
s t r a i n s  were bioassayed a g a i n s t  2. g, both were 
repor ted  by Sandoz t o  con t a in  32 ~ I U / g a l ,  but 
by D r .  H o s t e t t e r ' s  assays  aga in s t  1. & were 
found t o  be only 14 ~ I U / g a l  -- a discrepancy v s .  
t h e  l a b e l  potency s i m i l a r  t o  t h a t  found i n  our  
previous assays  of commercial concent ra tes .  How- 
eve r ,  when t he se  two f lowables were bioassayed 
aga in s t  &. d i s  a r ,  t h e  HD-1 concent ra te  assayed 
15 ~ I ~ / g a l  &ar t o  t h e  assays  v s .  T. 2), 
whi le  t h e  NRD-12 concent ra te  assayed 4 1  BIU/gal 
( nea r l y  3 t imes h ighe r  than t h e  HD-1 concen t r a t e  
wi th  an "R-value" of 2 .3) .  S imi la r  d i f f e r e n t i a l  
assays  were found i n  t h e  tank  mixes prepared from 
t h e s e  concent ra tes :  Assays aga ins t  the  HD-1 mix 
were e s s e n t i a l l y  t he  same r ega rd l e s s  of which 
i n s e c t  was used i n  t h e  assay ;  NRD-12 aga in  
assayed n e a r l y  3 t imes h ighe r  a g a i n s t  A. d i s p a r  
(R-value = 2.9) (Table 8 ) .  Thus t h e  two materi-  
a l s  were s i m i l a r  when measured aga in s t  2. ni, but 
d i f f e r e n t  when measured aga in s t  4. d i s p a r  -- 
f u r t h e r  evidence of t h e  importance o f  Dulmage's 
warning about t h e  necess i t y  f o r  monitoring 
a c t i v i t y  r a t i o s  i n  t h e s e  s t u d i e s .  

Table 8. Di f fe rences  Between t h e  Potency 
Est imates  of  Thur ic ide  32LV (HD-1) and 
SAN 415 32LU (NRD-12) and t h e i r  Di lu ted  
Tank ~ i x e d '  when us ing  L a n t r i a  -l"at- d i s p a r  and T r i chop lu s i a  =.- 

- - -- 

Potency Es t imates  i n  BIU/gal 

Source of Lymantria Tr ichoplus  i a  
Concentrate  d i s p a r  &/ n i  - R 

Thur ic ide  32LV 18.1 13.7 
2.3 1.1 

SAN 415 32LV 42.2 15.3 

Tank mixes :ca lcu la ted  24 ~ ~ U / g a l  

Thuric  i d e  32LV 5.4 9 .5  
2.9 1.2 

SAN 415 32LV 15.8 11.4 

a/ Samples were from t h e  spruce budworm 
spray  t e s t  i n  Maine, 1983. Tank mixes a r e  
from t h e  concent ra tes  d i l u t e d  wi th  water .  
b/. assays  done by D .  H o s t e t t e r ,  USDA, 
ARS, Columbia, MO. 

- LC 0 NRD-12 R = S - -  
Pbtency HD 1 

Summary 

The r e s u l t s  of t he  work d iscussed  i n  t he se  
papers ,  combined with t h e  r e s u l t s  p rev ious ly  
repor ted  i n  t he  l i t e r a t u r e ,  show very  s t r ong  
evidence t h a t ,  a t  our  presen t  s t a g e  of knowledge, 
i t  is e s s e n t i a l  t h a t  we r e l y  on a b ioassay  a s  our 
on ly  means of  s t anda rd i z ing  products  formulated 
from B. t h u r  i n g i e n s i s  ferment a t  ions .  The r e s u l t s  
a l s o  i n d i c a t e  t h e  need f o r  a  s tandard  i n  t h e  

eva lua t  ion of t he se  b ioassays  , and f i n a l l y ,  show 
t h e  va lue  of a c t i v i t y  r a t i o s  a s  means of discr im- 
i n a t  ing  between t he  de 1 ta-endot oxins produced by 
t h e  va r i ous  i s o l a t e s  of  2. t h u r i n g i e n s i s .  The 
r e p r o d u c i b i l i t y  of t he se  a c t i v i t y  r a t i o s  , i n  

i c u l a r  the-  r e l a t i v e  a c t i v i t i e s  of  &. d i s p a r  
vs .  T. n i ,  confirms t h a t  one i n sec t  spec ies  - -- 
(e .g. ,  T. GI can be used t o  s t anda rd i ze  a  
formulat ion aga in s t  another  i n s e c t  spec i e s  ( e .  g.,  
L. d i s p a r )  with confidence t h a t  t h e  r e l a t i v e  - 
a c t i v i t i e s  w i l l  ex t r apo l a t e  between i n sec t  
spec i e s .  

J o i n t  Statement by Panel  Members -- Dulmage, 
Beegle, Dubois 

We f ind  no f a u l t  with the  use of 2. ni as an 
assay  i n sec t  f o r  s t anda rd i z ing  commercial formu- 
l a t i o n s  of 2. t h u r i n g i e n s i s  (al though care  must 
be taken  t o  develop a proper  pro tocol  f o r  t h e s e  
a s says ,  as shown by ~ e e ~ l e  i n  h i s  t a l k ) ,  and, 
s i n c e  i t s  use  is s o  widely accepted,  we recommend 
t h i s  i n sec t  f o r  t he se  assays .  We a l s o  recommend 
t h e  use  of  HD-1-S-1980 a s  a  s tandard  i n  t he se  
assays .  We d i s ag ree  with t h e  use of spore counts 
a s  a  s u b s t i t u t e  f o r  t he se  b ioassays ,  s i n c e  we s ee  
no c o r r e l a t i o n  a t  a l l  between spore counts and 
i n s e c t i c i d a l  a c t i v i t y .  The spore count may s e rve  
a  purpose i n  fol lowing t h e  immediate d i s p e r s a l  of 
a  spray  i n  t e s t  a p p l i c a t i o n ,  but not  i n  fol lowing 
t h e  potency or  pe;sistence of the  2. thur ing ien- -  
s i s  formulat ions.  - 

L i t e r a t u r e  Ci ted  

Beegle, C. C.; Lewis, L. C. ;  Lynch, R. E . ;  
Martinez, A. J .  I n t e r a c t i o n  of l a r v a l  age and 
a n t i b i o t i c  on the  s u s c e p t i b i l i t y  of t h r e e  
i n s e c t  spec i e s  t o  Bac i l l u s  t h u r i n g i e n s i s .  J. 
Inve r t eb r .  Pa thol .  37: 143-153; 1981. 

Beegle, C. C . ;  Lewis, L. C.; Yamamoto, T. 
Bac te r ia .  In:  Ignof fo ,  C. M. ( ed . ) ,  Handbook 
of  Na tu r a l l y  Occurring P e s t i c i d e s ,  Vol. 5. 
CRC Press ,  Boca Raton, F lo r i da  ( i n  p r e s s ) .  

Dulmage, H. T. B. t h u r i n g i e n s i s  U. S.  - ~ s s a ~  
Standard. Report on t he  adoption of a primary 
U. S. r e f e r ence  s tandard  f o r  assay  of formula- 
t i o n s  conta in ing  t h e  &-endotoxin of Bac i l l u s  
t h u r i n g i e n s i s .  Bul l .  Entomol. Soc. Am. 19: 
200-202 ; 1973. 

Dulmage , H. T. and Cooperators .  I n s e c t i c i d a l  
a c t i v i t y  of i s o l a t e s  of Bac i l l u s  t h u r i n g i e n s i s  
and t h e i r  p o t e n t i a l  f o r  pes t  con t ro l .  In:  
Burges, H. D. ( ed . ) ,  Microbial  Control  of 
P e s t s  and P lan t  Diseases ,  1970-1980. Chap. 
11, pp. 191-220. Academic Press ,  London; 
1981. 

Dulmage, H. T.; Boening, 0.  P . ;  Rehnborg, C. S.; 
Hansen, G. D. A proposed s tandard ized  bio- 
assay fo r  formulat ions of Bac i l l u s  thur ing ien-  
s i s  based on t h e  i n t e r n a t i o n a l  u n i t .  J. - 
I nve r t eb r .  Pa thol .  18: 240-245; 1971. 



Summary 

Peter W. Orr, Staff Director, Forest Pest 
Management, USDA Forest Service, Broomall, PA 

The theme running through all sessions of 
the symposium was that g. is an effective and 
reliable material for use in management of the 
gypsy moth and spruce budworm. This new status 
is the result of recent developments in the use 
of increased dosages, finer droplet deposition, 
ULV application rates, and competitive costs. 

The symposium reaffirmed the outcome of 
several recent conferences on microbials by 
identifying two major areas in which continued 
international cooperative research and develop- 
ment is needed; (1) molecular biology and modi- 
fication to develop more virulent strains of the 
pathogens; and, (2) more reliable formulation, 
application, and deposition technology. 




