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SUMMARY 

The Passamaquoddy Indian  Fores t ry  Department 
t r e a t e d  40,300 ac re s  i n  Maine i n  1983 using Bt t o  
p ro t ec t  r ed  spruce and e a s t e r n  hemlock from spruce  
budworm damage. The pos t  t reatment eva lua t ion  
indica ted  t h a t  t h e  p ro t ec t ion  ob jec t ives  were 
achieved. I n  cooperat i on  between the  Passamaquoddy 
Indian  Fores t ry  Department and two commercial R t  
supp l i e r s ,  Abbott Labora tor ies  and Zoecon Corpora- 
t i o n ,  fou r  commercial products were appl ied  a s  
e i g h t  f i e l d  formulat ions.  Where poss ib le ,  t he se  
treatments were compared f o r  e f f ec t ivenes s .  The 
r e s u l t s  show an  average d e f o l i a t i o n  of 23 percent  
and populat ion reduct ion  from 864.5 budworms per  
100 square  f e e t  of f o l i a g e  t o  62.5 budworms, o r  
an average of 94 percent  populat ion reduction.  
The undiluted f i e l d  formulat ions gave s i g n i f i c a n t l y  
(P = 0.05) l e s s  d e f o l i a t i o n  and g r e a t e r  populat ion 
reduct ion  than  t h e  d i l u t e d  formulat ions.  A method 
f o r  spray depos i t  assessment using spruce f o l i a g e  
is presented.  

McCreery (1982) repor ted  high spruce budworm popu- 
l a t i o n s  and heavy pas t  damage on about 40,000 
ac re s  of Passamaquoddy T r i b a l  T rus t  lands .  The 
Passamaquoddy Indian  Fores t ry  Department (PFD) 
requested and obtained spruce  budworm suppression 
funds. USDA Fores t  Serv ice ,  Durham F i e l d  Off ice  
s t a f f  provided t echn ica l  a s s i s t a n c e  t o  t h e  PFD i n  
implementing and evalua t ing  t h e  suppression pro- 
j e c t .  An e a r l i e r  r epo r t  summarized the  suppress- 
i on  p r o j e c t  accomplishments (McCreery and Francis  
1983). I n  t h i s  r epo r t ,  var ious  Bt f i e l d  formula- 
t i o n s  used on the  p ro j ec t  a r e  compared. 

PROJECT AREA 

The p ro j ec t  was conducted i n  SBW-infested spruce 
and hemlock s tands  on T r i b a l  Trus t  land i n  Town- 
sh ips  T4ND BPP, T5ND BPP, T5R1 and Indian  Township, 
Maine. 'I'hes e lands ,  most of which were only 
r ecen t ly  purchased by t h e  Tr ibe ,  have been i n f e s t e d  
by SBW f o r  many years .  Only a small  po r t i on  of 
t h e  lands has been pro tec ted  i n  t he  pas t .  

The t o t a l  a r e a  sprayed was about 40,300 acres .  
This  a r ea  was i n  26 blocks ranging from 500 t o  
4,000 acres .  Blocks were de l inea ted  on t h e  b a s i s  
of b io log ica l  need f o r  t reatment a s  we l l  a s  topo- 
graphy and f o r e s t  cover t o  a i d  i n  navigation.  

METHODS 

I n s e c t i c i d e s  

Four commercial prepara t ions  of B t  were used: 
Dipel  6L and 8L (Abbott Labora tor ies) ,  and Thuri- 
c ide  32LV and 48LV (Zoecon Corporation) (Table 1 ) .  
A l l  ma te r i a l s  were appl ied  i n  various f i e l d  formu- 
l a t i o n s  from undi lu ted  t o  95 f l .  oz. per  ac re  t o  
give 12 B I U ' s  of a c t i v e  ingredient  per  acre .  The 
only exception was Dipel  8L, which was appl ied  
undiluted a t  e i g h t  BIU's per  a c r e  (16 f l  oz /acre) .  
A s t i c k e r ,  RA-1990 (Rohm and Haas) was added a t  2% 
r a t e  of f i e l d  formulat ion f o r  a l l  d i l u t e  
app l i ca t ions .  

Mixing and Loading 

Mixing and loading se rv i ces  were provided by 
Chem-Pro of Oregon a s  subcont rac tors  wi th  Biegar t  
Aviat ion.  

Two semi - t r a i l e r  tankers ,  each equipped wi th  
t h r e e  compartments, were used t o  mix t h e  i n s e c t i -  
cide.  Dipel and Thuricide were mixed i n  s epa ra t e  
tankers  t o  avoid problems of incompat ib i l i ty .  In- 
s e c t i c i d e  was unloaded from 55-gallon drums and 
s t o r e d  i n  one of t h e  compartments and water  was 
s t o r e d  i n  t h e  o ther .  The t h i r d  compartment was 
used t o  mix t h e  i n s e c t i c i d e  a s  needed. A l l  l i q u i d s  
were metered a s  they were pumped t o  t h e  compart- 
ments and t o  t h e  a i r c r a f t .  I n s e c t i c i d e s  were used 
wi th in  24 hours a f t e r  mixing. The s t i c k e r  was 
added t o  t h e  water  before  t h e  add i t i on  of i n s e c t i -  
cide.  No mixing problems occurred wi th  t h e  
s t i c k e r .  



Table 1.--Products used during t h e  1983 Passama- 
quoddy Suppression P ro j ec t  

Rate Gallons Acres 
Product ( f l  oz lacre)  Sprayed Sprayed 

9@' 3000 3960 
I- I Subto ta l  9212 18044 

Dipel  8LV1 16 110 900 
Thuricide 32LV 

48a/ 741 19 76 
6 4 ~  1 2295 4590 
9 e 1  8764 11685 

Sub t o t a l  11800 18251 
Thuricide 48LV 3 2 782 3128 

Grand To ta l  21904 40323 
- 

A s t i c k e r ,  RA-1990 (Rohm and Baas), was 
used wi th  a l l  d i l u t e  app l i ca t ions  a t  a r a t e  of 
two percent  by volume. 

' ' ~ i ~ e l  8L was donated by Abbott Labs f o r  
use on t h i s  p ro j ec t .  

A e r i a l  Applicat ion 

The a e r i a l  app l i ca t ion  was done by P rec i s ion  
A i r  of Foley, AL, a s  subcont rac tors  t o  Biegart  
Aviat ion,  Mesa, AZ. The a i r c r a f t  were based a t  
Pr ince ton  Ai rpo r t ,  Pr ince ton ,  ME. Spraying 
s t a r t e d  on June 1, 1983 and was completed on June 

monitor and s p o t t e r ,  both PFD employees, observed 
a l l  app l i ca t ions  from the  monitor a i r c r a f t  (Lincoln 
Air )  800 t o  1000 f e e t  above t h e  t e r r a i n .  The 
s p o t t e r  c a l l e d  booms-on, booms-off over treatment 
a r eas .  The monitor observed spray cloud behavior,  
team spacing,  and weather condit ions.  

Meteorology 

Weather condit ions were monitored by ground 
personnel  w i th in  treatment a r eas ,  t h e  monitor a i r -  
c r a f t ,  and through long range fo recas t s  provided 
by t h e  Maine Fores t  Serv ice  and Bangor In t e rna t iona l  
Airpor t  F l i g h t  Service.  The work p l an  s p e c i f i e d  
these  weather condit ions a s  acceptable  f o r  B t  
appl ica t ion:  

a .  Drip dry f o l i a g e  wi th in  o r  i n  c lo se  
proximity t o  spray blocks.  

b. No r a i n  fo recas t  f o r  fou r  hours. 

c. Windspeed >2 mph but  <15 mph. 

d. No invers ion  condit ions present  a t  
o r  below 100 f e e t  above canopy. 

e .  A i r  temperature fo recas t  t o  be 55'F 
o r  higher w i th in  36-48 hours.  

f .  A i r  temperature above 3 2 ' ~  a t  appli-  
ca t i on  t i m e .  

9, 1983. The spray  blocks were from 2 t o  35 a i r  
miles from t h e  a i r p o r t .  

Larval  and Bud Development 

A i r c r a f t  and Spray Equipment 

Three a i r c r a f t  each wi th  a spray  volume capa- 
c i t y  of 300 ga l lons  were used. One was a Thrush 
600; t h e  o the r s  were Snow Thrushes. A l l  t h r e e  
were equipped wi th  e i g h t  Mini-Micronair ro t a ry  
atomizers (AU 5000). Atomizers were equally 
spaced along t h e  boom, beginning 1 8  inches from 
t h e  outboard end. Atomizer p i t c h  was s e t  a t  45'. 

A i r c r a f t  Ca l ib ra t i on  and Charac ter iza t ion  

The a i r c r a f t  were ca l ib ra t ed  a t  Pr ince ton  
Airpor t  on the  b a s i s  of da t a  from spray  t r i a l s  i n  
Foley , AL (0 'Neal 1983). A t  t h e  spray  t r i a l s ,  
Thrush 600 a i r c r a f t  were flown a t  110 mph, 50 f e e t  
above t a r g e t  a t  pump pressure  of 40 p s i .  Twenty 
drops/cm2 was t h e  minimum s tandard  f o r  l oca t ing  
an e f f e c t i v e  swath a t  t h e  Foley t r i a l .  Thur ic ide  
48LV did  not  provide the  300 foo t  swath width a t  
Foley, but  l a t e r  achieved t h a t  swath during t e s t s  
a t  Pr ince ton  Airpor t .  A swath width of 300 f e e t  
was used f o r  a l l  formulat ions.  

Appl ica t ion  

Larval  and bud development were monitored a t  
e i g h t  s i t e s  - f i v e  i n  t h e  spray a r eas  and t h r e e  i n  
t h e  check areas .  A t  each s i t e ,  f i v e  codominant 
spruce were marked f o r  development sampling. Each 
sample cons is ted  of one 36-inch branch cut  from 
t h e  midcrown and brought t o  t h e  f i e l d  labora tory .  
Col lec t ions  were made a t  t h r e e  t o  f i v e  day i n t e r -  
v a l s  u n t i l  spraying  was completed. Laboratory 
examinations were completed on t h e  same day a s  
co l l ec t ions .  

I n  t h e  labora tory ,  a l l  l a rvae  (not  more than 
100) found on t h e  branches were removed and t h e i r  
l oca t ion  recorded as: 

1. Wandering on branches. 

2. Mining i n  t h e  needles.  

3. Mining i n  t h e  buds. 

4. Other ( loose  i n  t h e  bag, e t c . )  . 
Larval  i n s t a r s  were determined from head cap- 

s u l e  measurements and body colora t ion .  Larval  
index was determined by t h e  method described by 
Dorais and Ke t t e l a  (1982). The r e s u l t s  a r e  summa- 
r i z e d  i n  Tables 2 and 3. 

The t h r e e  a i r c r a f t  sprayed a s  a team. Team 
guidance was provided by a guide s h i p  (Lincoln Air)  
equipped wi th  a Loran C guidance system (Teledyne 
Corp.) , which was used t o  l o c a t e  team swaths. A 



Bud development index is shown i n  Table 2. 
This  system was developed by D. G. Mott, formerly 
of t h e  PFD s t a f f .  The c l a s se s  were defined as:  

Class 1 - Tight  buds, no green showing 
a t  t h e  base of t h e  bud. 

Class 2 - Bud expanding, 52mm of green 
showing a t  t h e  base  of t h e  bud. 

Class  3 - Bud expanding, >2mm of green 
showing a t  t h e  base  of t h e  bud. 

Class  4 - Bud cap o f f .  

I n s e c t i c i d e  app l i ca t ion  was timed t o  s t a r t  
when most of t h e  l a rvae  had l e f t  needle mines 
(more than 50%). 

Table 2.--Larval and bud index va lues  f o r  t h e  
Passamaquoddy Spray P ro j ec t  ( . f i r s t  and l a s t  spray 
day) , 1983 

June  1 June 9. 
Larval  Bud Larval  Bud 

Location Index Index Index Index 

Table 3.--Larval behavior during and a f t e r  t he  
Passamaqouddy Spray P ro j ec t ,  1983 

T4ND BPP T5ND BPP 
Behavior 611 619 6/15 611 619 6/15 

% Wandering 39 26 53  25 25 51  
X I n  Needles 43 0 0 60 2 0 
% I n  Bud? 12 56 37 6 58 40 

- Includes l a rvae  webbed e i t h e r  on o r  near  
buds o r  found loose  i n  t h e  bags. 

SPRAY EFFICACY EVALUATION 

Samples and Sample C lus t e r s  

A t o t a l  of 45 sample c l u s t e r s  were e s t ab l i shed  
i n  10 treatment blocks. Each c l u s t e r  was a l i n e  of 
20 dominant/codominant spruce  t r e e s  spaced about 50 
f e e t  a p a r t ,  across  t h e  a n t i c i p a t e d  spray  swaths. 

Prespray Survey 

Prespray samples cons is ted  of one 18-inch-long 
branch taken from t h e  midcrown of each sample tree. 
Col lec t ions  were made two t o  t h r e e  days be fo re  
spraying.  The branches were bagged, l abe l ed  and 
de l ivered  t o  a labora tory  f o r  examination. The 
average number of l a rvae  per  l&inch branch was 
determined i n  t h e  labora tory .  

Postspray Survey 

Postspray samples included two branches, each 
18  inches long, taken from the  midcrown of t h e  
sample t r e e s .  The samples were co l l ec t ed  about 40 
days a f t e r  spraying  when l a r v a l  feeding was c o w  
ple ted .  This coincided wi th  10 percent  a d u l t  emer- 
gence. Again, branches from each t r e e  were bagged, 
l abe l ed  and de l ivered  t o  t h e  labora tory .  I n  t h e  
labora tory ,  t h e  average number of budworm per 
branch and t h e  degree of d e f o l i a t i o n  were deter-  
mined from 25 shoots  r a t e d  i n  10-percent defo l ia -  
t i o n  c lasses .  

Spray Deposit Assessment- 

Spray coverage was evaluated a t  t h e  sample 
c l u s t e r s  i n  n ine  of t h e  t e n  treatment a r eas  and i n  
a l l  t h e  check areas .  Fol iage  samples were collec-  
t e d  from t h e  midcrown and from t h e  lower crown of 
each sample t r e e .  I n  each treatment a r ea ,  depos i t  
assessment was made f o r  f i v e  t r e e s  i n  each of t h e  
s e l e c t e d  c l u s t e r s .  I n  add i t i on ,  mi l l i po re  f i l t e r s  
were exposed on 3 foo t  s t a k e s  near sample t r ee s .  
I n  each treatment a r ea ,  f i v e  f i l t e r s  were s e t  out  
i n  each c l u s t e r .  The f i l t e r s  were set out  8 t o  12  
hours be fo re  spraying and picked up wi th in  s i x  
hours a f t e r  spraying.  Fol iage  samples were taken 
as mi l l i po re  f i l t e r s  were col lec ted .  

About a month l a t e r ,  a l l  depos i t  samples were 
placed on t r i p t i c a s e  soy agar  p l a t e s  and t h e  spray  
coverage determined. For f o l i a g e  samples, 20 o l d  
needles from each branch were placed on agar.  
Af t e r  incubation,  t h e  propor t ion  of needles pro- 
ducing Bt colonies were determined. Sample colo- 
n i e s  from each d i sh  were examined under a micro- 
scope t o  confirm t h e  presence of Bt c r y s t a l s .  
The mi l l i po re  f i l t e r s  were handled t h e  same way, 
except  t h a t  t h e  number of colonies per  square  
centimeter  was determined. 

F i e l d  Laboratory 

Fol iage  examination was done i n  a labora tory  
operated by t h e  PFD . Personnel  included experien- 
ced workers. Branches were brought t o  t h e  labora- 
t o ry  and kept  r e f r ige ra t ed .  They were examined 
wi th in  a week a f t e r  co l l ec t ion .  

Addi t ional ly ,  t h r e e  check blocks were e s  tab- 
l i s h e d  i n  widely separa ted  a r eas  a t  l e a s t  $ m i l e  
ou t s ide  t h e  spray  blocks. Each check block had 
fou r  c l u s t e r s  e s t ab l i shed  i n  a manner s i m i l a r  t o  t h e  
spray blocks. Despite t he se  precaut ions ,  B t  depo- 
sits were found i n  two of t h e  t h r e e  check blocks.  



RESULTS AND DISCUSSION 

Efficacy 

The average d e f o l i a t i o n  i n  t r e a t e d  a r eas  was 
23 percent .  Spruce budworm populat ions dec l ined  
i n  t r e a t e d  a r eas  from 865 t o  62.5 budworms per  
100 square f e e t  of fo l i age .  Thus, t h e  average 
spruce  budworm mor t a l i t y  was 94 percent .  

The r e s u l t s  f o r  each treatment a r e  summarized 
i n  Table 4. The d i f f e r ences  between treatment 
means were analyzed using Student ' s  Newman Keuls 
t e s t  (p = 0.05). Spruce budworm mor t a l i t y  was 
s i g n i f i c a n t l y  h igher  i n  undiluted Dipel  6L t r e a t e d  
blocks than  i n  undiluted Thuricide 48LV o r  d i l u t e d  
Thur ic ide  32LV t r e a t e d  blocks.  Although the  d i f -  
fe rences  between d i l u t e d  and undiluted Dipel 6L 
t r e a t e d  blocks were not  s i g n i f i c a n t  wi th  t he  New- 
man Keuls t e s t ,  both budworm mor t a l i t y  and defo l i -  
a t i o n  were s i g n i f i c a n t l y  d i f f e r e n t  based on a 
grouped t t e s t .  

Table 4.--Spruce budworm populat ion changes and 
spruce d e f o l i a t i o n  i n  t h e  Passamaquoddy Spray 
P r o j e c t ,  1983 

No o the r  treatment means were s i g n i f i c a n t l y  1 
d i f f e r e n t .  The sampling method used 20 t r e e  l i n e s  1 
a s  c l u s t e r s  and did not  g ive  enough samples t o  
d e t e c t  mean d i f ferences  of l e s s  than  10 percent  
wi th  normal f i e l d  va r i a t i on .  I 

A comparison was made between d i l u t e d  and 
undi lu ted  treatments of Dipel  6L and Thur ic ide  
32LV combined. The undi lu ted  treatments had sig-  
n i f i c a n t l y  lower d e f o l i a t i o n  and h igher  budworm 
mor t a l i t y  than  t h e  d i l u t e d  treatments (Student 's  

1 t t e s t ,  grouped da ta ;  p = 0.05) . 

Spray Coverage- 

Spray depos i t  i n  t h e  t r e a t e d  a r eas  i nd i ca t ed  
good coverage (Table 5) . No s i g n i f i c a n t  d i f  f eren- 
ces i n  depos i t  were found between midcrown and 
lower crown needle samples (60.9 percent  v s .  59.3 
percent  of needles wi th  B t ) .  On mi l l i po re  f i l t e r s ,  
t h e  average count was 48.2 colonies per  cm2. How- 
ever ,  one block (47) had an average of 171 colonies 
per  cm2, suggest ing mu l t i p l e  coverage. Without 
t h a t  block,  t h e  average depos i t  was 32.9 colonies 
per  cm2. 

- 

Our work wi th  a e r i a l  app l i ca t ion  of B t  over 
t h e  pas t  t h r e e  years  i n d i c a t e  t h a t  checks need t o  
be sampled f o r  B t  depos i t s .  A s  i n  t he  previous 
yea r s ,  t he  current  yea r ' s  checks received some 

Depo- 
s i t %  
Need- 

l e s  
cov'd 

32 

65 

47 

50 

-- 

53 

87 

97 

70 

43 

5 

28 

0 

T rea t  
ment 

Dipel  
6L 

Dipel 
6L 

Dipel  
6L 

Dipel  
6L 

Dipel  
6L 

Dipel  
8L 

Thuri- 
c ide  
3 2LV 

Thuri- 
c ide  
32LV 

Thuri- 
c ide  
32LV 

Thuri- 
c ide  
48LV 

Check 
1 

Check 
2 

Check I 

Mean No 
% 

Mor- 
t a l i t y  
f s e  

98 
+ 0.5 

99 
4 0.3  

98 
+ 0.4 

93 
+ 1.7 

86 
+ 4.7 

95 
+ 2.7 

96 
+ 0.9 

91 
+ 3.5 

95 
+ 0.5 

88 
+ 5.8 

81 
+ 9.3 

57 
210.3 

50 
k21.1 

Rate 
(f 1 oz 
/acre)  

32 

32 

65 

65 

65 

16 

48 

64 

64 

32 

~ a r v a e /  
- 100 

p r e  
f s e  

664 
k81.7 

935 
+ 116 

1090 
k73.3 

1412 
k25.5 

918 
+ 318 

821 
+ 137 

921 
573.5 

972 
5 206 

1742 
+ 214 

304 
550.7 

969 
k22.4 

314 
+ 119 

471 
+ 116 

% 
Defol 
+ s e  

20 
+ 3.2 

1 3  
+ 2.9 

28 
+ 2.9 

25 
+ 2.9 

2 1 
+ 2.7 

18  
+ 0.7 

19 
+ 4.4 

16 
+ 3.1 

2 4 
+ 2.8 

17 
5 2.4 

28 
+ 2.9 

32 
+ 5.6 

32 
2 2.9 

Clus- 
t e r s  

5 

4 

7 

4 

4 

3 

4 

4 

4 

6 

4 

4 

4 

f t 2  
pos t  
+ s e  

12.4 
+ 2.3 

5.6 
+ 3.3 

14.7 
+ 2.3 

82.6 
k16.4 

86 
+ 7.0 

30 
k12.2 

32.5 
+ 7.2 

69.1 
k14.0 

87 
+ 6.6 

23.5 
+ 5.3 

115 
k20.2 

142 
k31.4 

174 
k76.7 



Bt depos i t s .  Although, t h e  amounts a r e  consider- 
ably l e s s  than what is found i n  t h e  sprayed a reas ,  
some budworm mor t a l i t y  from Bt is expected, and 
the re fo re ,  t h e  checks do not  represent  t r u l y  un- 
t r e a t e d  Bt a r eas .  

Table 5.-Spray depos i t  assessment f o r  t he  Passa- 
maquoddy Spray P ro j ec t ,  1983 

% Needles 
Producing Mi l l i po re  
Colonies F i l t e r s  

Rate Block Mid- Lower (Colonies/ 
Treatment ( £ 1  oz/ac)  No crown crown cm2) 

Dipel  6L 6 5 4 5 
+ 2% 48 52 48 19 

S t i c k e r  71 51  42 15  

Thuricide 48 46 88 86 2 2 
3 2LV 

Thuricide 6 4 44 96 97 24 
32LV + 2% 47 73 66 171 
S t i c k e r  

Thur ic ide  32 73 44 41 45 
4 8LV 
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